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SCAVENGING REVERSIBLE INTERNAL-
COMBUSTION ENGINE

Kurt Froehlich, Milwaukee, Wis. ,‘ assignor _to
Nordberg Manufacturing Company, Milwaukee;
‘Wis., a corporation of Wiseonsin

Application June 14, 1943, Serial No. 490,807
(CL 123—41)

15 Claims.

This. invention relates to the scavengmg of

reversible internal combustion engines, and pat-

ticularly to automatic. means for rendering an
engine-driven scavenging blower indiferent to
the direction of rotation of the engine.

Where scavenging air is furnished by an en-
gine-driven positive displacement rotary blower,
such. as a Roots type blower, or by any other
blower or pump. not inherently indifferent to its
direction of rotation, it is necessary -either to
reverse the blower drive when the engine is re-
versed, or to-interchange the inlet and discharge
connections of the blower as an incident to re-~
versal of the engine,

In the prior art the mechanism which reverses
the action of the blower is'mechanically actuated
from - the reversing gear. This arrangement
works very nieely if the engine is allowed to stop
before the reversing gear is put inte reverse posi-
tion, but to stop the engine quickly it is the prac-
tice -to “plug” the engine by moving the reverse
gear into reverse starting position while the en-

gine conbinuesits motion. This causes the blower:

to evacuate the scavenging manifold, which is
cbjectionable.

The present invention provides a valve which
is: not: operated directly by the reversing gear
but which responds to partial evacuation of =z
scavenging manifold to cause reversing. Thus
in reversing, whether the engine is “plugged” or
is allowed to stop before being set in reverse,
response of the blewer reversing device will not
occur until the engine has actually started to
turn - reversely. Consequently the objectionable
action of the prior art devices is avoided.

As illustrated in the accompanying drawings
the valve will reverse automatically as soon as
the engine crank shaft has turned reversely
through a moderate angle, and will thereafter
maintain its position until another reversal direc-
tion has occurred. No actuating eonnection be-
tween the valve and the engine reversing gear
is required.

The valve is so arranged that development of
a positive pressure in the manifold tends to main-
tain the unbalanced reversing valve in pesition,
whereas depression of manifold pressure below
atmospheric establishes a reversing tendency.
This tendency cannot. persist through the entire
reversing motion. Hence use is made of some
means, conveniently an impositive detent, which

10.

15 ¢

In this way, start of the shift is delayed until
manifold pressure is reduced substantially.
Thereupon the differential pressure becomes ef-
fective for a. substantial angle of motion; so that:
the valve acquires sufficient momentum to. cause.
it to move full stroke, once it starts. In this way
the valve can be caused to reverse automatically
when the crank shaft has turned reversely
through a moderate angle. Such motion can be
caused to occur, upon reverse rotation of the
crank shaft. through less than 60 degrees.

Two embodiments of the invention will be de-
scribed, each of which: offers a, favorable location
of the blower and valve, and each of which has

tie advantages of favorable flow paths for the
air in both settings of the valve, and of sunple

' mzvmg trains from the engine crank shaft to
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resists initial motion away frem each limiting .

valve position and the ports are so dimensioned
that the valve moves through a substantial angle
before port interchange commences;

b5

the blower.

As a secondary feature an interlock is provided
between the unbalanced reversing valve and the
control lever which is shiftable from a stop posi-
tlon in opposite directions through reverse start-

ng ranges and then through fuel ranges. A gear
of this general type is shown in the patent to
Ramstad 2,243,883, June 3, 1941, and another in
the patent to Froehlich and Grieshaber 2,304,161,
December 8, 1942. The function of the interlock
is to allow the controller to move from say for-
ward position through the stop position and into
the reverse starting position. without interference
but. to prevent motion into the reverse fuel range
until the unbalanced reversing valve which con-
trols. the blower has shifted. to reverse position.
This. interlock is effective in both types of re-
versal so. that it is impossible to operate the
engine under fuel until the blower is functioning
properly.

In the drawings:

Pigure 1 is an elevation of an engine equlpped
with the invention and showing the lccation. of
the blower and valve relatively to the eylinders
and: the scavenging manifold. The. drive train
to. the blower is indicated in dotted lines. In. this
view the protective interlock for the engine. con-
troller is.shown. .

Fig. 2 is a section through the blower, valve
and manifold on the line 2—2 of Fig. 3.

Hig. 3 is a. section on the line 3—3. of Fig. 2.

Fig. 4 is.a horizontal section. through the blower
housing -on the line 4-—4 of Fig. 5.

Fig. 5 is an elevation of the blower housing
showing the ported face with which the retary
valve: coacts. and upon which. the. valve housmg
is mounted..

Pig. 6 is-a section on the. line. 6—-8 of F1g 5.
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Fig. 7 is & plan view of a modified embodiment
in which the blower axes are parallel with the
crank shaft and the valve is mounted above the
blower.

Fig. 8 is a vertical axial section through the
valve and blower of Fig. 7.

Fig. 9 is a section on the line .9—9§ of Fig. 8.

Fig. 10 is a section on the line 10—10 of Fig. 8.

The engines selected for illustration are of the
two cycle port scavenged type with check valves
(sometimes called Fiat valves) arranged to pre-
vent flow from the cylinders through the scaveng-
ing ports to the scavenging manifold. Such valves
are a familiar and desirable component of two
cycle port scavenged engines and are -important
in connection with the invention because they
make it possible to reduce manifold pressure below
atmospheric pressure. Some such means is es-
sential to operation of the device but means other
than “Fiat valves” could be used.

. In applying the invention to four cycle engines
or any engine not of the port scavenged type with
check valves in the scavenging path, some means
must be supplied to prevent back flow from the at-
mosphere such as might occur through any cpen
scavenging port or valve to the manifold.

In the present disclosure the Fiat valves typify
any such means.

Simply as bearing on general proportmns of
parts in the drawings, and on statements of di-
rection it may be stated that the engines selected
for illustration have nine vertical cylinders in line.

First embodiment

_ The embodiment shown in Figures 1 to 6 will
first be described.. Figure 1 indicates the rela-
tionship of the blower and valve to the engine.
Cylinders which are arranged in line are indicated
at {f. These have heads 12. A portion of the
scavenging air manifold is shown at {3, and 14 is
a portion of the frame and enclosing structure
housing the cranks and connecting rods. This
frame structure has an extension {5 which sup-
ports the blower housing 16. To the blower hous-
ing is attached the cylindrical valve housing 11
for the reversing valve. This has a front cover
‘18, A connhection (8 leads from housing {71 to
manifold 13, The valve housing is thus nearly in
line with the manifold.

 The crank shaft 20 carries a bevel gear 21 which
drives a pinion 22 on the lower end of blower drive
shaft 23 which is sustained by the pendant bearing
housing 24.

* The two impellers 25, 26 shown in Fig. 2 are
driven by shaft 28, impeller 25 being driven di-
rectly and impeller 2§ by the gears 27, 28 shown in
Fig. 1. Since the Roots type blower here shown
is well known and involves no patentable novelty
it is deemed unnecessary to go into further detail.
Additional details of blower construction are
shown in Fig. 8 to which reference can be made if
desired.

° Within the manifold 13 are the Fiat valves.
There are two valve units per cylinder. Each unit
comprises & bonnet 29 whose interior is in com-
munication with the seavenging ports in the cyl-
inder walls, an upper stack of check valves 31, and
a similar lower stack of check valves 32. Each
stack comprises a set of superposed annular
‘slotted seats each controlied by an annular plate
valve. The valves are light, the valve liff is small
and the port areas are large in the aggregate.

Thus the Fiat valves open rapidly, offer little re-’

sistance to flow from the manifold to the cylinder
and close instantly against reverse flow. They are
in extensive use in port scavenged engines. -
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The impellers 25, 26 of the blower turn in the
usual oval chamber 83 within housing {6 and mesh
with each other. The chamber 33 has a large port
34 which leads to the encircling passages 39, and
at the opposite side a port 36 which leads to the
downward extending passage 31. Figs. 4, 5 and 6
will make the arrangement clear. At the side to-
ward the observer in Fig. 1 the housing 16 has a
plate-like wall 38, to which the housing 7 of the
reversing valve is attached. In fthe wall 38 are
two diametrically opposed sector shaped ports
39 and 41. Port 39 is in direct communication
with both the passages 35 and port 41 with passage
31. The ports 39 and 41 are the terminal connec-
tions of the blower which must be interchangeably
connected with manifold 3.

Formed in the cylindrical wall of housing {7 are
two opposed rectangular ports 42 and 43 which are
displaced 90° from ports 39 and 4i. Port 42 leads
to connection 19 and hence to manifold {3, and
port 43 leads from inlet air connection 44. The

" inlet connection may lead from the engine room
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or may be piped to any suitable air inlet.

Turning on trunnions which are journaled in
bearings 4% in plate 38 and in cover {8 is an un-
balanced reversing valve having blades 46 and 41
of unequal lengths, The blade 48 is the longer,
and to compensate, masking seats 48, 49 are pro-
vided to coact with the shorter blade 471.

The limiting positions of the valve are deter-
nained by stops 51, 52 which are engaged by blade
46. These are so placed that the blade 46 must
swing through a substantial angle away from each
stop before the blade overtravels the proximate
edge of port 42. When it does so, blade 47 will
clear masking seat 48 or 49 as the case may be.
During this range of motion the blower connec-
tions are not affected, but the valve gequires mo-
mentum sufficient to shift it full stroke.

-Within this range of motion the valve is pres-
sure-biased toward the adjacent stop 81 or 52
if pressure in manifold 13 is above atmospheric
angd away therefrom if it is below atmospheric.
Depression of manifold pressure caused by initial
reverse motion of the blower causes the valve to
shift,

To delay shift of the valve until manifold pres-
sure has been sufficiently reduced to cause full
stroke-motion of the valve, an impositive defent,
effective at each limit of motion is provided.

~ This comprises an arcuate cam 53 keyed to one
of the trunnions on which the valve turns. A

_spring urged plunger 54 forces a roller 5% against

the arcuate cam. At the limits of valve motion
the roller engages the inclined terminal portions
of the cam and thus yieldingly resists initial
motion of the valve away from each terminal
position,

The cam is so proportloned as to serve as a.
counterbalance so that the valve has no gravity
bias.. This is desirable particularly where the
valve turns on a horizontal axis. If is desirable
even if the valve be mounted on a vertical axis
where the engine is used on locomotives or ships.

In Figure 1, 56 represents the control stand
and 57 is the maneuvering lever. So-far as is
here material, the lever 51 has a midposition
marked “stop” in which the starting mechanism
which turns the engine over is inerf. This start-
ing mechanism might be of any type but in large
Diesel engines commeonly involves a distributing
valve gear which admits compressed air to the
various cylinders in timed relatlon to the posi-
tion of the crank shaft. -

Simply as an example of such connection it
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may be Stated that the léver 51 might be ap-
propriately linked to the arm 104 shown in Figure
2 ‘of thé Ramstad patent above identified or to
the aim T4 shown 6n Figure 2 of the Froehlich
and Grieshaber patent above identified. These
patents show examples of reversing gears in
which a maneuvering lever such as the lever 57
is movakle from a neutral position in opbosite
diréctions, first through a starting range and
then through & fuel range. These two examples
ate of the air starting type, but the particular
mechanism used to start the engine rotating is
ne6t material to the present invention.

Tf'the levér 57 is rhoved into the ahesad or astern
starting range, the engine is turned over ahead
or astern as the case may be. If the lever 57 is
moved beyond the starting range into the fuel
rafige either ahéad or astern, the starting mech-
anism is rendered inactive and fuel is supplied to
the engine at rates which increase with the dis-
placement of the lever 81.. The function of the
interlock to be described is to prevent motion
from either starting range into the correspond-
ing fuel rahge until the blower reversing valve
43, 47 has shifted appropriately.

In Pigure 1 this valve is shown in its forward
position and lever 5% is shown arrested at the
limit of the astern starting range as it would
be set to plug the engine. It is there arrested
By an interlock lever 58. This has an upper
hook 59 which prevents entry into the astern
fuel range and a lower hook 61 which when prop-
erly positioned, prevents entry of lever 57 into
the forward fuel range.

In Figure 1 the hook 58 is shown engaging
the lug 62 mounted on lever 571. If the lever 58
is turned ‘eounter-clockwise, hook 59 is retracted
ifom the path of the lug 62 and hook 6! ig pro-
jected info said path but in a position which
will prevent entry of lever 57 into the forward
fuel range. The lever 58 shifts between the posi-
tiohis just mentioned, in response to the shifting
af the rotary valve 48, 47. The actuating con-
hections are diagrammed as a link 63, bell crank
84, Iink 65, bell crank 86 and link 67,
is ¢onnected to a ¢raink pin 68 mounted on the
eam disk 53. Thus the shift of the valve inter-
changes the hooks 59 and 61 making them func-
ticnally effective selectively.

No patrt of the control mechanist is illustrated
other than the interlock, and the connections be-
tween the retary valve and the interlock member
are indicated in simple diagrammatic form and
hay be variously embodied.

Second embodiment

The second embodiment illustrated in Figures
T to 10 is functionally identical with the first
embodiment. The parts are differently arranged.
To avoid repetitious description parts in the sec-
ohd embodiment corresponding to parts in the
first are given the same numerals increased by
108, so that they can he readily identified.

The hbasie differences are that the blower is
mounted with the axes of its impellers parallel
with the crank shaft and the reversing valve is

" mounited above the blower. The axis of the un-
balanced reversing valve is vertical instead of
horizontal. This arrangement entails some dif-
ferences of detail which will be briefly explained.

Instead of the hevel gear 21 a spur gear 121 is’

used angd this gear 12! meshes directly with the
pinion 127 on the lower impeller 125. The ports
434 ang 136 at opposite sides of the oval blower
chamber 133 communicate respectively with pas~

This last -
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sages 185 ghd {37 which extend upwatd at op-
posite sides of the housing 116,

The ¢ireular housihg 117 which encloses the
reversing valve has four peripheral ports. ‘Thus
the ports 139 and 141 are opposed to ¢ath other
and have V-shaped extensions in plate 138. The
ports 142 and 143 are opposed to each other.
This arrangement gives larger port areas and
freer flow thasi is had in the first embodiment.

With the valve in the position of Figiire 10
the inlet eonnection 144 is connected by way of
ports 143 and l4l wn;h the port |36 in the blower
housmg is connected by way. of the pofts 138 anad
142 to passage 119 and thus to the scavenging
manifold- 113.

The impositive detent mechanism is essentially
the same ‘as that plready described. The valve
wings ‘have ‘a ‘substantial angle of idle motion
befoie theéy oveirun the margins of the ports
{42 and 143.

In Figure 7 the point of connection 158 for the
interlock mechanism is indicated. No other parts
of ‘the inteérlock mechanisin afe illustrated since-
they would conform basically with what is fully
illustrated in Figure 1.

Operation )

Suppose, for example, that the engine is op-
erating ferward and that the valve 4§, 47 is in
the position indicated in ‘dotted lines in Figure 1.
During ferward operation the maneuvering lever
8T would be some where in the ahead fuel range.
The engineer desires to stop and reverse the en-
gine. He may move the handle 57 to stop posi-
tion and wait until the engine stops, or he may

. move the handle to the position illustrated in
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Figure 1, in which it has reached the limit of
the astern starting range and thus operates to
plug the engine and start it turning reversely.
The hook 88 prevents the maneuvering lever 57
from moving beyond this position into the astern
fuel range. However, as explained below,; when
the engine starts to turn in the reverse direc-
tion, the valve 46, 47 will automatically shift to
astern position and by its shift will retract the
hook 59 and protrude the hook 61. Thereupon
the operator may move the maneuvering lever
into the astern fuel range. The protrusion of the
hook 61 establishes a similar safeguard for the
next reversal, so that during such reversal the
operator may move the handle 57 through the
starting range but not beyond that range until
the blower connections have been reversed.

The automatic shift of the valve 46, 47 will
now be described in detail.

In the case of either embodlment if the en-
gine is stopped and then put in motion in the
reverse direction, the blower will first operate
to draw air from the scavenging manifold. The
iat valves will prevent the entrance of air
throtigh any open scavenging port and conse-
quently the pressure in the scavenging manifold
will be reduced.

The action of the detent is such that when
pressure in the manifold has been reduced mod-
erately the unbalanced valve will overpower the
detent and start to move. Through the first
few degrees of motion the port ccnnections are
not changed. -Sufficient momentum will be gath-
ered through this range of motion to cause the
valve to swing full stroke.  As it approaches the
opposite limit of motion, the development of posi-
tive pressuie in the séavenging manifold by the

‘continued -eperation -of the blower will force the
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there.

Consequently, the reversing valve operates au-
tomatically as an incident o reversal but re-
quires no mechanical connection with the revers-
ing gear. Because it is in static balance  (the

detent arm serving as a counterweight) the valve

is indifferent to gravity effects, and to any motion
which it may encounter when used on a ship or
Iocomotwe

An examination of the drawings will indicate
that the blower gnd valve.are located in line with
the cylinders and that the flow paths from the
blower through the valve to the scavenging mani-
fold and- from the air intake to the blower are
simple, direct and of adequate croes sectlonal
aresa. : -

‘While two embodiments of the mvention have
been described in considerable detail, they are
intended to illustrate the principle of the inven-
tion without implying any necessary limitation
to the specific structure so descnbed

What is claimed is: .

1. The combintion of a reversing internal com-
bustion engine having a scavenging manifold; a
- blower driven by the engine and acting to propel
air in opposite directions between the terminal
connections of the blower according as the en-
gine operates in one or the other direction; and
means responsive to a pressure differential be-
tween said manifold and blower, abnormal in
direction, and created by operation of the blower,
to interchange said terminal connections as to
communication with said scavenging manifold.

2. The combination of a reversing internal
combustion engine having a scavenging mani-
fold; a blower driven by the engine: and acting
to propel air in opposite directions between the
terminal connections of the blower according as
the engine. operates in one or the other direc-
tion; and an unbalanced valve having two posi-
tions in which respectively it interchanges said
terminal connections as to communication with
the manifold and with an air supply, said un-
balanced valve being arranged to shift in re-
sponse to a pressure differential between said
manifcold and blower, abnormal in direction, act-
ing on the valve and developed by operation of
the blower. ’

3. The combination of a reversing internal
combustion engine having g scavenging mani-
fold; means for preventing back flow through the
manifold; a blower driven by the engine and
acting to propel air in opposite directions be-
tween the terminal connections of the blower
according as the engine turns i one or the other
direction; valve means shiftable between two
limiting positions in which respectively it inter-
changes said terminal connections, connecting a
selected one with the manifold and the other with
the atmosphere; and means effective in each
limiting position of the valve, and responsive to
“a definite reduction of manifeld pressure below
atmospheric pressure, to impart a reversing im-
pulse to the valve.

4. The combination of a reversing internal com-
bustion engine having a scavenging manifold;
means for preventing back flow through the mani-
fold; a blower driven by the engine and acting
to propel air in opposite directions between the
terminal connections of the blower according as
the engine turns in one or the other direction;
valve means shiftable between two limiting posi-
tions in which respectively it interchanges said
terminal connections, connecting a selected one
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valve: to its other limit of motlon and retam it

with the ‘manifold and the other with the atmos-
phere; and pressure operated means effective
through g limited range of valve motion meas-
ured from each limiting position, and responsive
to a definite reduction of manifold pressure below
atmospheric pressure to impart reversing momen-
tum to the valve.

5. The combination of a reversing internal com-
bustion engine having & scavenging manifold;
means for preventing back flow from the engine
to the manifold; a blower driven by the engine
and acting to propel air in opposite directions
between the terminal Sow connections of the
blower according as the engine runs in one or
the other direction; an unbalanced multi-way
valve shiftable between two limiting positions in
which respectively it interchanges said terminal
connections, connecting a selected one with the
manifold and the other with atmosphere, said
valve being pressure-biased toward or away from
each limiting position when near the same ac-
eording as manifold pressure is above or below
atmospheric pressure, said valve having near each
of said positions a range of idle motion in which
it does not affect the communications controlled
by it; and impositive means serving to retain said
valve in each limiting position.

6. The combination of a reversing internal com-
bustion engine having s scavenging manifold;
means for preventing back flow from the engine
to the manifold; a blower driven by the engine
and acting to propel air in opposite directions
between the terminal flow connections of the
blower according as the engine-runs in one or the
other direction; an unbalanced rotary blade vaive
shiftable between two limiting positions in which
respectively it interchanges said terminal con-

- nection, connecting a selected one with the mani-
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fold and the other with atmosphere, the unbal-
anced character of said valve serving to bias said
valve toward or away from respective limifing
positions when near the same according as mani-
fold pressure is then above or below atmospheric
pressure; masking means coacting with the blades
of said valve to afford a range of idle motion
near each limiting position; and impositive means
serving to exert a retaining tendency on the valve
in each limiting position.

7. The combination of a reversing engme hav-
ing a crank shaft, a plurality of cylinders in line,
and a scavenging manifold extending along said
line of cylinders; a rotary blower mounted in line
with said cylinders and connected to be driven
by said crank shaft, said blower being of a type
which propels air in opposite directions between
terminal connections according as it is driven in
one or the other direction; a reversing valve de-
vice mounted as a unit with said blower con-
trolling the terminal connections thereof and
having an air intake port and a port leading to
the end of said manifold, said valve device in-
cluding a flow directing member shiftable hetween
two positions to interchange said ports as to
communcation with the terminal connections of
the blower; and means responsive to manifold
pressure and serving to retain said flow direct-
ing member in either of said positions if manifold
pressure be then above atmospheric pressure, and
to propel said valve toward the other of said
positions if manifold pressure be reduced below
atmospheric pressure.

8. The combination defined in claim 7 in which
the valve device is mounted on the side of the
blower and approxmately in line with the end of
the manifold.
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9. The combination of a reversing engine hav-
ing a crank shaft, a plurality of cylinders in line,
and a scavenging manifold extending along said
line of cylinders; a rotary blower mounted in line
with said cylinders and connected to be driven
by said crank shaft, said blower being of a type
which propels air in opposite directions between
terminal connections according as it is driven in
one or the other direction; a reversing valve de-
vice mounted on the blower substantially in line
with said manifold, said device controlling said
terminal connections and including a housing hav-
ing an air intake port and a port leading to the
end of said manifold, and 3 flow directing mem-
ber shiftable between two positions to interchange
said ports as to communication with the terminal
connections of the blower; and means for shifting
said flow directing member between said positions
88 an incident to reversal of the direction of
rotation of the engine.

10. The combination of a reversible internal
combustion engine having g scavenging mani-
fold; means for breventing back fiow from the
engine to the manifold; a blower driven by the
engine and acting to propel air in opposite direc-
tions between the terminal connections of the
blower according as the engine runs in one or
the other direction; valve means shiftable be-
tween two limiting positions in which respee-
tively it interchanges said terminal connections,
connecting a selected one with the manifold and
the other with the atmosphere; actuating means
associated with the valve means, respnnsive to
the pressure differential between the manifold and
atmosphere and effective when the valve means
are near either limiting position to urge the valve
means toward such position if manifold pressure
predominates and away therefrom if atmospheric
pressure predominates, there being a range of
idle motion near each of said limiting positions,
in which the actuating means moves while the
blower connections are not affected by the valve
means; and impositive means serving in said lim-
iting positions to resist motion of the actuating
means therefrom until a substantial pressure gif-
ferential has been established, :

11, The combination of a reversing internal
combustion engine having cylinders, a scavenging
manifold and scavenging ports leading therefrom
to the cylinders; check valve means permitting
flow from the manifold through said ports to the
cylinders but inhibiting reverse flow; a blower
driven by the engine and acting to propel air in
opposite directions between the termiral con-
nections of the blower according as the engine
runs in one or the other direction: valve means
shiftable between two limiting positions in which
respectively it interchanges said terminal con-
nections, connecting a selected one with the man-
ifold and the other with the atmosphere; actu-
ating means associated with the valve means,
responsive to the pressure differential between
the manifold and atmosphere and effective when
the valve means are near either limiting position
to urge the valve means toward such position if
manifold pressure predominates and away there-
from if atmospheric pressure predominates, there
being a range of idle motion near each of said
limiting positions, in which the actuating means
moves while the blower connections are not af-
fected by the valve means; and impositive means
serving in said limiting positions to resist motion
of the actuating means therefrom until a sub-
stantial pressure differential has been estab-
lished,
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12, The combination of gz reversing internal
combustion engine having a scavenging mani-
fold; a controller for said engine shiftable
through a mid-position in which the engine is
stopped and through starting ranges on each side
of said stop position in which the ehgine is
caused to turn in opposite directions, said con-
troller being shiftable to fuel ranges beyond said
starting ranges in which fuel is supplied to the
engine for forward and reverse running respec-
tively; a scavenging blower driven by the engine
and acting to propel air in opposite directions
between the terminal connections of the blower
according as the engine operates in one or the
other directions; means responsive to a bressure
differential, abnormal in direction, and created
by operation of the blower to interchange said
terminal connections as to communication with
said scavenging manifold; and an interlock de-
vice connected with the last named means and
serving to prevent the controller from being re-
versed beyond the starting range until an appro-
priate interchange has occurred.

13. The combination of a reversing internal
combustion engine having a scavenging mani-
fold; a confroller for said engine shiftable
through a mid-position in which the engine is
stopped and through starting ranges on each side
of said stop position in which the engine is
caused to turn in opposite directions, said con-
troller being shiftable to fuel ranges beyond said
starting ranges in which fuel is supplied to the
engine for forward and reverse running respec-
tively, a scavenging blower driven by the engine
and acting to propel air in opposite directions
between the terminal connections of the blower
according as the engine operates in one or the
other direction; an unbalanced valve having two
positions in. which respectively it interchanges
said terminal connections as to communication
with the manifold and with an air supply, said
unbalanced valve being arranged to shift in re-
sponse to a pressure differential, abnormal in
direction, acting on the valve and developed by
operation of the blower; and an interlock device
connected with said unbalanced valve and serv-
ing to prevent the controller from being reversed
beyond the starting range until the unbalanced
valve has shifted.

14. The combination of a reversible internal
combustion engine having a scavenging mani-
fold; a controller operable to start said engine in
either direction by motion through starting
ranges, said controller being movable beyond said
starting ranges into fuel ranges in which fuel is
supplied to operate the engine; a seavenging
blower of the type in which flow reverses upon
reversal of the direction of rotation, said blower
being driven by the engine; interchange means
operable by the initial rotation of the engine in
either direction to cause said blower to deliver-
air to said manifold; and an interlock actuated
by said interchange means and inhibiting rever-
sal of said controller beyond said starting range
until said interchange means have functioned.

15. The combination of a reversible internal
combustion engine having a scavenging mani-
fold; a scavenging blower of the type in which
flow reverses upon reversal of the direction of
rotation, said blower being driven by the engine;
and interchange means responsive to reduction
of manifold pressure, and operable by the initial
rotation of the blower in either direction to cause
said blower to deliver air to said manifold.
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