April 5, 1960 R. E. NICOLODI 2,931,349
BOOSTER SYSTEM FOR HYDRAULIC GOVERNORS OF DIESEL
ENGINES AND METHOD OF STARTING SUCH ENGINES
Filed April 13, 1959

l5?
14
FZgl
13 /] 12
——"30 ]
0
19
18 ~28
© 0 ©0 0 0 o
10
17 (IG a5
L,
T=g.=.
=
36 = /3
35
y . _

33

K
\
2
0 ®
3

WA

18

N
\
ANTIES

INVENTOR.

ROBERT E. NICOLODI

. UG P ke, o

ATTORNEY




United States Patent Of

2,931,349
Patented Apr. 5, 1960

1CC

1

2,931,342

BOOSTER SYSTEM FOR HYDRAULIC GOVERNORS
OF DIESEL ENGINES AND METHOD OF START-
ING SUCH ENGINES

Robert E. Nicolodi, Hlarrisburg, Pa., assignor of one-third
each fo George Glass, Lewistown, Pa., and Fred E.
Gardiner, Hazleton, Pa,

Application April 13, 1959, Serial Ne. 805,742
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This invention relates to a compressed air booster sys-
tem for hydraulic governors of diesel engines and to a
method of starting such engines with the aid of the booster
system.

Diesel engines conventionally employ compressed air
operated starter motors for cranking the éngine during
the starting cycle. Electric or hydraulically operated
starter motors are also sometimes employed. Hydraulic-
ally operated governors are ordinarily used on the diesel
engines and such governors include a hydraulically oper-

means of the engine during the starting cycle, so that
fuel may be supplied to the several cylinders of the
engine. The hydraulic governor has its internal hydraulic
passages directly connected with the pressure lubricating
system of the diesel engine and receives lubricating oil
under pressure from the engine for operation during the
starting cycle and after the engine achieves running
speed. After the starting cycle is completed, the gover-
nor serves additionally to regulate engine speed as con-
trolled by the accelerator linkage, as is well known.

Difficulties arise in connection with the operation of
the hydraulic governor during starting of the diesel en-
gine by the compressed air operated starter motor. The
engine is initially cold and its lubricating oil is cold and
has relatively high viscosity., A definite amount of oil
pressure must be developed in the system: to enable the
hydraulic governor and its built-in supply pump to func-
tion properly for operating the servo piston, which in
turn actuates the fuel injection pump. ¥t frequently
happens during starting that before sufficient oil pres-
sure is developed by the engine to enable thé governor
to properly operate the fuel injection means that the com-
pressed air supply for the starter motor is diminished, and
time must' be allowed to compress additional air fof
further operation of the starter motor. It is often neces-
sary to operate the starter motor a number of times be-
fore the engine oil pressure is built up sufficiently 1o
properly operate the hydraulic governor, and the com-
pressed air supply must be continuously replenished.
This is a costly problem where a diesel engine operated
truck or the like is stopped on the highway far from
service facilities and cannot be started without exhzaust-
ing its compressed air supply, which supply is normaily
continuously replenished when the engine is running.
The same costly problem can arise where an electric start-
er is employed, because the storage battery may run dowa
before the diesel engine can be started. )

In accordance with this invention, the above difficulties
are entirely overcome in a simplified and economical
manner. Means are provided to divert compressed air
from the air operated starter or from the compressed air
reservoir directly to the hydraulic passages of the gov-
ernor, during the starting cycle, to boost or assist the
operation of the governor, independently of its normal
lubricating oil supply from the engine but in conjunction
therewith, The arrangement is such that the hydraulic
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governor is efficiently operated by compressed ait during
the starting cycle so that the associated fuel injection
mechanism will properly supply fuel to the engine cylin-
ders to start the engine without difficulty, even when the
engine lubricating oil pressure is much too low to effeg-
tively operate the governor for this purpose.

It is therefore a prime object of the invention 10 pio-
vide an air booster system for hydraulic governors of
diesel engines and a method of starting such engines with
the aid of the booster system, to facilitate rapid and sure
starting of the engine under all conditions, and irrespee-
tive of a lag in the build up of lubricating oil pressure
which normally operates the hydraulic governor.

A further important object is to provide in a governor
air booster system of the above-mentioned charactet,
novel check valve means to prevent the engine lubricat-
ing oil being supplied to the governor from being forced
by the compressed air back into the crankcase of the
engine; and to also prevent the oil within the governor
from being forced into the compressed air supply line
leading to thé governor, during the startmg cycle and the
subsequent running cycle of the engine.

Further and more general objects are to prov1de an
air booster systems for governors which is highly simpli-
fled, reliable and efficient in operation, inexpensive to
manufacture, install and maintain, and which does not
necessitate altering the conventional constriction or nor-
mal operation of the hydraulic governor, startéer motot
or fuel injection mechanism.

Still another object is to provide an air booster system
and method of the above character which may be em-
ployed with equal facility on diesel engines equipped with
electrical starters or hydraulic starters. . )

Other objects and advantages of the invention will be
apparent during the course of the following description.

In the accompanymg drawings, forming a part of this
application and in which like numerals are employed to
designate like parts throughout the same, _

Figure 1 is & diagrammatic plan view of a compressed
air booster system for the hydraulic governor of a diesel
engine in accordance with the invention.

Figure 2 is a diagrammatic cross section of the hy-
draulic governor and associated eléments, showing the
connections of the engine lubricating oil system and theé
cor‘npressed air system with the governor and. also show-
ing the check valves,

Flgure 3 is a fragmentary plan View of the booster
system in accordance with a modification of the invention
where the diesel engine has an electric starter. .

In the drawings, wherein for the purpose of.illustra-
tion are shown preferred embodiments of the invention,
thé numeral 10 designates a conventional diesel enginey
such as a six cylinder engine commonly employed in
trucks or similar automotive vehicles. It should be men-
tioned here that the invention is in no sense limited to
use upon aufomotive diesel engines, and is applicable
with equal facility to various types of dies¢l engine plants,
such as marine power plants, industrial diesel power
plants or stationary diesel engines of various types.

The diesel engine 10 has a compréssed air operated:
cranking or starting motor 11 of any preferred conveii-
tional type, as shown diagrammaticaily in Figure 1. The
starting motor 11 receives compressed air to operate the
same through a pipe 12 having a manually operated con-

. trol valve 13 connected therein, and leading to and ¢on-

nected with a suitable reservoir 14 for compressed aii
The reservoir or tank 14 is supplied with compressed
air through a pipe 15 from the usual air compressor,
not shown, driven by the diesel engine 18. To enable
the engine to be started or cranked by the startér motor
11, there must be a supply of compressed air in the
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reservoir 14, built up by previous running of the engine,
‘or'if there is no such supply of compressed air in the
reservoir 14, such air must be introduced into the system
by external means.

.. With- continued reference to. Figure 1, the numeral -16
“designates generally a conventional hydraulically - oper-

_ated diesel engine governor of a type commonly em-
.ployed on djesel engine operated trucks and the like. A

_preferable hydraulic governor is one manufactured by
Woodward Governor Company, Rockford, Ill.,; although

.any other conventional hydraulic governor. of a similar
-type may be employed. The governor 16 is mounted upon
.the fuel injection means 17 of the diesel engine as shown
"diagrammatically in Figure 1 e

- The hydraulic-governor. 16 normally receives engine
lubricating oil under pressure through a snitable fitting 18,
‘conniected with an oil line 19, leading-to and connected
.with a first one-way ball check valve unit 20, communicat-
ing with a port 21 of the engine lubricating oil system,
"Figure 2. The check valve unit 20 embodies a ball check
-valve element 22, maintained normally closed by a spring
23, and_opening outwardly from the engine port 21.to
-admit engine lubricating oil to the line 19. The ball Vaive
element 22 is normally closed against the port 21 to pre-
vent .the compressed air supplied to the governor from
forcing the engine oil back through . the engine oil pas-
sage.to the crankcase, as will be further discussed. -

- The hydraulic governor 16 is adapted to receive com-
‘pressed air in a passage 24, through a second one-way
ball check valve unit 25, secured therein, and which check
valve unit has a normally closed ball check valve element
26, acted upon by a spring 27 as shown in Figure 2. The
ball check valve unit 25 serves-to.admit compressed air
to the governor passage 24, and it prevents the oil within
the governor from subsequently being forced into the
‘compressed air system, as when the engine 10-is started
and running at normal operating speed and no further
compressed air is being introduced into the governor
passages. . » .

The ball check valve unit 25 is connected with a com-
pressed air line or hose 28, preferably having a trap 29
for water or condensate connected therein, and the hose
28 leads to and is connected with the air starter motor
11 as at 30. - S oo

It may now be observed that the hydraulic governor 16
is adapted to receive inits internal passages 31 and 24,
Figure 2, engine lubricating oil under pressure - from
pipe 19 and air hose 28 respectively. Due to the arrange-
ment of the check valve unit 25, the oil under pressure
entering the governor at 18 cannot .pass into the com-
pressed air hose 28, as previously explained. - Likewise,
due to the check valve unit 26, compressed air entering
the governor passage 24 cannot force oil in the line ‘or
pipe 19 back into the engine oil port 21 or back to the
crankcase of the engine. In some instances the check
valve unit 20 may be omitted entirely from the system
without adversely affecting the operation, but it is pre-
ferred to employ. both check valve units in the system.

The fuel injection mechanism 17 previously mentioned
is also of conventional construction -and need-not be de-
scribed in detail. . With reference to Figure 2, the fuel
injection mechanism embodies the usual injection :pump
32, operated by the servo means or piston 33 of hydraulic
governor 16. The governor also has the usual built-in
supply pump 34, spool type pilot valve 35 and associated
fly- balls 36, as well as other component parts, but these
elements constitute no part of the present invention, and
their normal constructions and modes 6f operation in the-
hydraulic governor are not affected in the slightest by the
air booster system of the present invention.” No further
description ‘of the conventional governor and fuel injec-
tion ‘mechanism  is therefore necessary in ‘this applica-
tion, T e . )
- The operation of the system as shown in Figures 1
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4
and 2 and the novel starting method made possible by
the system is as follows: . :

When the diesel engine 10 is to be started, compressed
air from the reservoir 14 is admitted to the air oper-
ated starting motor 11 by use of the manual valve 13.
The starting motor 11 will immediately begin to crank
the disel engine. Simultaneously compressed air from the
starting motor 11 will enter the hose 28 and flow into the
hydraulic passage 24 of the governor 16 to pressurize the
governor during the starting cycle. - The check valve unit
25 will open automatically to admit the compressed. air
into_the governor. - ‘At the same time, cranking of-the
engine 10 will create some lubricating oil pressure in the
pipe 19, and some oil under pressure from the pipe 19
may also enter the governor passagé 31.- However, for
reasons previously explained, the oil pressure in the pipe
19 may not be sufficient to fully pressurize the hydraulic
governor and cause proper operation of the servo piston
33 and associated elements which operate the fuel injec-
tion pump 32, and it is here that the air booster system

-comes into play to adequately :pressurize the governor

passages during the starting cycle when the hydraulic or
oil pressure may be too low. :
When the compressed air enters the governor at 24, the

1internal passages of the governor are pressurized and the

servo piston 33 will operate effectively during the starting
cycle and shift the injection pump 32 to the left, Figure
2, to effect the injection of fuel into the cylinders of the
diesel engine so that starting will take place promptly
and efficiently. : .

Once the engine has started -and begins to achieve op-
erating speed, the engine oil pressure in the pipe 19 will
come up to normal so that the engine oil may adequately
pressurize and operate the governor without further as-
sistance from the compressed air booster means. That is
to say, once the engine has been started by the procedure
described, manipulation or release of the ‘control lever
on the valve 13 will stop the operation of the air starting
motor-11, and the lubricating oil under pressure in the
pipe 19 will continue to be fed to the governor for oper-
ating it in the normal manner, whereby the governor will
continue to control the fuel injection means. engine speed,
etc. Once the starting cycle has been completed as above-
described, no further compressed air will be supplied to
the hydraulic governor. ST E

When the engine and its governor -are thus niormally
operating without assistance from the compressed air
booster system, the check valve ‘unit 25 will-serve to pre~
vent the oil in the governor from being forced into the
compressed air hose 28. ' As. previously described, the
check valve unit 20 prevents the compressed air fed to
the governor during the starting cycle from forcing the
engine oil back into the engine or engine crankcase. Dut-
ing normal operation of the engine and governor, the
check valve. unit 20 opens automatically to allow the
passage of oil into the pipe 19-and into the governor,
and during normal operation of the engine, the check
valve unit 25 remains closed to prevent oil from entering
the hose 28. : - ) : ’

The system. is-entirely automatic and free of moving
parts except for the two automatic check valve units 20
and 25. Installation of the simple air booster- system
necessitates no material alteration of the standard com-
ponents of the power plant including the air starting
motor 11 and the hydraulic governor 16. It is merely
necessary to provide the compressed air-hose 28 and
connect it with the starter motor 11 ‘and the hydraulic
governor. The conventional governor ordinarily has &
screw-threaded plug in its passage 24 which in practice
may be removed and replaced by the- check valve -unit
25. The oil pipe 19 is a standard component- part of
the power plant in any event, and it is a very simple
matter to install the other check valve unit 20 in com-
munication with the pipe 19 and engine port 21..- ..
_In Figure 3 there is shown a modification- of. the
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invention, wherein fhe diesel engine 10 is equipped with
an electric starter motor 37 instead of the air starter
motor 11, The electric starter motor 37 is powered by
a battery 38, connected in circuit with a starter switch
39, operable within the cab of the truck. In lieu of the
manual valve 13, a solenoid operated valve 40 is con-
nected in compressed air pipe 12, and the solenocid op-
erated valve is electrically connected at 41 with the
starter switch 39 so that it may be operated simulta-
ncously with the operation of the electric starter motor.
All other parts of the system and their mode of opera-
tion are identical to the corresponding paris shown and
described in connection with the prior form of the in-
vention,

In operatxon, Figure 3 the switch 39 is closed manually
to energize the starting motor 37 and 10 open the valve
46. The motor 37 cranks the engine as previously de-
scribed, and compressed air from the reservoir 14 flows
through the pipe 12 and into the hose 28 which is
directly connected with the pipe 12 in Figure 3. The
system operates during the starting cycle in the same
manner described previously in the prior form of the in-

ention. When the engine is successfully started, the
switch 39 is released and opened, and this disconnecis the
starting motor 37 and closes the valve 49 so that no
further compressed air is introduced into the governor 16.
The governor now continues to be pressurized by the
engine lubricating oil after the starting cycle as described
in the prior form of the invention.

It is to be understood that the forms of the invention
herewith shown and described are to be taken as pre-
ferred examples of the same, and that various changes in
the shape, size and arrangement of parts may be resorted
to, without departing from the spirit of the invention or
the scope of the subjoined claims.

Having thus described my invention, I claim:

1. A method of starting a diesel engine, said engine
having a starter motor and a hydraulic governor and fuel
injection means actuated by the governor, said governor
having passages to receive fluid under pressure, the
mehod comprising operating the starter motor to crank
the engine and simultaneously introducing fluid under
pressure into said governor passages to pressurize the
governor sufficiently during the starting cycle to enable
the governor to properly actuate said fuel injection means,
and then introducing lubricating cil under pressure from
the diesel engine inio said passages of the governor when
the engine is started to maintain the governor pressurized
and stopping the introduction of said fluid under pressure
into said governor passages.

2. A method of starting a diesel engine, said engine
having a starter motor, oil pressure lubricating system, a
hydraulic governor and fuel injection means operated
by the governor, said governor having passages to be
pressurized, said method comprising operating the starter
motor to crank the engine and simultaneously introducing
compressed air into the governor passages to pressurize
the governor during the starting cycle so that the gov-
ernor may operate the fuel injection means to start the
engine, introducing engine lubricating oil under pressure
into the governor passages after the engine is started
and thereby maintaining the governor pressurized, dis-
contimiing the introduction of compressed- air into the
governer passages after the engine is started, and pre-
venting the passage of the engine lubricating oil within
the governor passages into the compressed air system
feading to the governor passages.

3. A method of starting a compression ignition type
internal combustion engine, said engine having a com-
pressed air operated cranking motor, an oil pressure lubri-
cating system, a hydraulic governor and fuel injection
means controlled by the governor, the governor having
fluid passages to be pI'ESSUI'IZ“d for operating the gov-
ernor, the method comprising introducing compressed air
into said cranking motor to crank the engine and divert-
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ing compressed air from the cranking motor and introduc-
mg it into the fluid passages of the governor to pres-
surize the governor during the starting cycle of the englne
when the lubricating oil pressure of the engine is too
low to adequately pressurize the governor, allowing the
engine to start and build uwp adequate lubricating oil
pressure and then introducing the engine lubricating
oil under pressure into said fluid passages of the governor
to maintain the governor pressurized while the engine
is operating at runnmg speed, and blocking. the passage
of compressed air to the cranking motor and said fiuid
passages of the governor after the engine is started and
the engine lubricating oil pressure is built up sufficiently
10, adequately ‘pressurize the governor.

4, An air booster system for a ‘hydraglic govemar of
% diesel engine, said engine having a fluid pressurs
operated cranking motor and fuel injection mechanism
controlled by said governor and an oil pressure lubricat-
ing system, said governor having passage means for fluid
under pressure, said system comprising conduit means for
conveying fluid under pressure to said cranking motor and
to the passage means of the governor for adequately
pressurizing the governor when the engine is cranked
and enabling the governor to properly activate the fuel
injection mechanism, said conduit means communicating
with the cranking motor and passage means of the gov-
ernor, separate conduit means interconnecting the pas-
sage means of the governor and a passage of the engine
lubricating system and adapted to convey engine lubricat-
ing oil under pressure to the passage means of the gov-
ernor when the engine is started for maintaining the
governor adequately pressurized while the engine operates
at running speeds, valve means in the first-named conduit
means for blocking the flow of said fluid under pressure
to the cranking motor and passage means of the gov-
ernor after the starting cycle of the engine is completed,
and a check valve in the first-named conduit means near
the governor passage means to prevent the engine lubricat-
ing oil within the governor passage means from enter-
ing the first named conduit means.

5. Aa air booster system for a hydraulic governor. of
a diesel engine according to claim 4, and a second check
valve in said separate conduit means to prevent said fluid
under pressure in the governor passage means during
the starting cycle from forcing engine lubricating oil
within the separate conduit means back into the crank-
case of the engine.

6. An air booster system for a hydraulic governor of
a diesel engine, said engine having a cranking motor and
fuel injection mechanism actuated by said governor and
an oil pressure lubricating system, said governor having
passage means for fluid under pressure, said system com-
prising means to operate the cranking motor, means for
simultaneously introducing fluid under pressure to the
passage means of the governor for pressurizing the gov-
ernor during the starting cycle of the engine, separate
means for introducing engine lubricating oil under pres-
sure to the passage means of the governor when the en-
gine starting cycle is completed for maintaining the gov-
ernor pressurized while the engine operates a running
speed, valve means connected with the first-named means
and operable to stop the passage of said fluid under
pressure to the pascage means of the governor after the
starting cycle of the engine is completed, and check valve
means associated with the governor passage means to pre-
vent the passage of engine lubricating oil in the governor
passage means to the first-named means, »

7. In combination, a compression ignition type internal
combustion engine, a cranking motor for said engine, fuel
injection mechanism for said engine, a hydraulic governor
associated with the engine and fuel injection mechanism
and having passage means for fluid under pressure, means
to operate the cranking motor, conduit means connected
with the governor passage means for introducing fluid
under pressure to the governor passage means while the
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engine is.being cranked, A check valve in said conduit
means ddapted to apén- automancally in.one direction’ for
.allowing the fluid under pressure-in-the conduit means to
‘enter. the- passage means of the governor and bemg ner-
‘mally closed to. prevent back flow of fluid from the gov-
‘efnor passage means to the conduit means, second con-
duit theans interconnecting thé passage means of the gov-
‘ernor and the lubncatmg oil system of the engine, and
a second check valve in the second conduit means adapted
10 open automatically in one direction for allowing en-
‘gine lubricating &il to pass to the governor passage means
and being normally closed to. prevent back ﬂow of emgme
;lubncatmg oil to"the engme

" 8. A miethod of starting a diesel engme or the hke, said
cngme havmg .an 0il pressiire Iubncatmg system, fuel in-
jection ‘means "and a’ ‘hydraulic governor associated with
the fuel mjectxon meafi§ to regulate the operation .of the
1atter, said governor havmg passage means to normally
recech engme lubrxcatmg 011 under pressure for pres-
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surizing the governor while the engine is operating, the
method- comprising cranking the -engine,- introducing a
‘boosting flnid under pressure. into the passage means of
the governor while the engine is being cranked and while
the engine lubricating oil pressure is inadequate to pres-
surize 'the governor and thereby adequately pressurizing

it during the starting cycle, and allowing the engine to

start and then ceasing to introduce said boosting fluid into
the passage means of the governor and allowing engine
lubricating oil under pressure to enter the passage means
of the governor for maintaining the governor pressurized
after complction of the engine »starﬁng cycle. -
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