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This invention relates to improvements in fuel supply 
systems for internal combustion engines adapted for 
operation on suitable gaseous fuels, such as natural gas, 
propane, or the like. It has particular reference to two 
cycle gas engines of variable speed type, such as are em 
ployed with oil ?eld rigs and the like, and concerns appa 
ratus for changing over engine operation from one type 
of gaseous fuel to another, as may be required in oil ?eld 
service. 

In engines of the character indicated there are, among 
other things, two particularly troublesome problems. One 
involves the inability of the usual type of fuel system to 
supply the engine with gas fuel at pressure and in quan— 
tities appropriate for effective engine function over the 
entire speed and load range. A satisfactory solution to 
this difficulty is afforded by an improved fuel control 
arrangement forming the subject of a copending applica 
tion, Serial No. 579,551, ?led April 20, 1956, and assigned 
to the assignee of the instant application, which provides 
a control provision for adjusting or modulating the gas 
pressure in direct proportion to engine speed variations. 
The other problem, and the one with which this appli 

cation deals, concerns the inability of such a gas pressure 
control provision to accommodate quick and easy change 
over between gaseous fuels of different heat values. 
To illustrate the problem: as shown speci?cally in said 

copending application and described generally herein, the 
control provision for regulating the gas pressure is oper 
able in accordance with engine speed. The air manifold 
pressure, water jacket pressure, or any engine shaft driven 
apparatus which reflects the engine speed, is utilized to 
actuate said control provision for operating a pressure 
regulator valve device. Since the control provision and 
valve device are arranged to determine gas pressure in 
direct proportion to engine speed, it is necessary that they 
be pre-set to produce proper pressure values at the upper 
and lower speed limits. Such settings will then permit 
proper engine operation over its full range, for a given 
gas fuel of known B. t. u. heat value. 
However, in some locations, propane is used when 

natural gas (methane) is not available. Since these gases 
have different heat characteristics, a control provision 
set-up for one will not accommodate the other to pro 
duce proper pressure values for engine operation. Thus, 
the problem of improved engine operation through engine 
speed regulation of gas pressure, becomes a problem of 
providing suitable structure whereby the same control 
provision can be utilized to regulate the ‘gas pressure of 
gaseous fuels having different heat characteristics. 

Accordingly, the general object of the present inven 
tion is to afford, in an engine fueling system as herein 
above mentioned, a control provision arranged in the line 

Y of gas fuel supply, and operable automatically to deter 
mine the gas supply pressure at values in direct proportion 
to engine speed. 
More speci?cally it is an object of the present invention 

to provide a control provision as indicated, for adjusting 
or modulating the gas pressure in direct proportion to 
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engine speed variations, which control provision is so con 
structed and arranged as to be capable of regulating the 
gas pressure of gaseous fuels having diiferent heat charac 
teristics. 
Another object is to afford a control provision for the 

purpose indicated, which‘coinprises a gas pressure regu~ 
lator valve device embodying control means normally 
adjustable for pre-setting the device to establish the pres 
sure of a given gas of known B. t. u. heat value in dis~ 
charge from the device at the upper and lower speed 
limits, and engine speed in?uenced adjustingmeans for 
said‘ control means, adapted and arranged for effecting 
adjustments of the control means in direct accordance 
with variations in engine speed, whereby to produce cor 
responding changes in the pressure of gas discharge from 
the device. 
A further object is to provide a control provision of the 

character generally indicated in the preceding object, 
wherein the control means for presetting the gas pressure 
regulator device embodies adjustable means whereby a 
single control provision can be pre-set to accommodate 
more than one type of gaseous fuel without further or 
subsequent setting of said device. 
A still further object is to provide a control provision 

of the character and for the purpose indicated, which 
comprises a gas pressure regulator valve device eifective 
on gas supply, having control means operable automat 
ically to determine the gas supply pressure at values in 
direct proportion to engine speed, said control means in 
cluding spring biased engine speed in?uenced adjusting 
means, and stop means for pre-setting the spring bias of 
said means whereby to establish upper ‘and lower gas 
pressure limits. 
A yet further object is to provide a control provision 

of the nature indicated in the preceding object, wherein 
the stop means for pre-setting the spring biased means 
contemplates multiple stop members such that said con 
trol provision can be set up to accommodate gaseous fuels 
having different heat characteristics, and selector means 
for'conditioning the control provision for making particu 
lar stop members effective in accordance with the type 
‘gas to be regulated. 
The foregoing and other objects and advantages will I 

appear more fully, upon consideration of the following 
description of a presently preferred embodiment thereof 
as exempli?ed in the accompanying drawings, wherein: 

Fig. 1 is a diagrammatic view showing an engine and 
gas fuel supply system therefor, with the improved gas 
pressure regulator provision shown schematically in the 
system. 

Fig. 2 is an enlarged fragmentary view, mostly in sec 
tion, of the gas pressure regulator provision as shown in 
Fig. 1. 

Fig. 3 is an enlarged sectional view similar to Fig. 2, 
but in which particular control mechanism has been oper 
ated to condition the regulator provision for accommoda 
tion of a gaseous fuel having heat characteristics different 
from the gaseous fuel to be regulated by the mechanism 
condition of Fig. 2. 

Fig. 4 is a graph showing the gas pressure range as to 
propane and methane, over an engine speed range of 400 
to 1200 R. P. M. 

Referring to the drawings and particularly to Fig. 1, 
illustrated diagrammatically at 10 is a variable speed 
internal combustion engine which may be of two-cycle 
type, adapted for operation on suitable gaseous fuel, such 
as propane and methane, or the like. The engine as 
shown, includes cylinders 11,‘ a I scavenging and com 
bustion air supply manifold 12 in connection to the cylin 
ders, a gas fuel inlet manifold 14 having branches 15 each 
leading to the cylinder inlet valve (not shown) of the 
associated cylinder, a cooling water supply conduit 16 in 



2.85am 
- connection to the cylinder jackets 18, and the engine’ 
crankshaft indicated bythe broken line 19. Driven from 
the crankshaft, as by the drive connection indicated'by 
the broken line 20, is- a suitable-blower or compressor-22‘ 
of a type to afford an adequate volumetric‘ supply ofJ-air' 
in the manifoldv 12. Also driven from the crankshaft‘, 
as by the drive connection indicated by the broken-‘line 
23, is a water pump 24. suitable to supply- a su?i’cient 
quantity of water to the cylinder jackets- 18; und'en'aa 
pressure which is in direct proportion to engine speed!‘ 
Connectedto the-engine gasrnanifold 14 is a gas sup- 

ply conduit 25 which extends from a source of gas fuel 
under a predetermined source pressure, such source being;' 
represented by the tank 26. For the purpose: of this 
disclosure, the tank 26 is to be considered as a source» 
of‘ several. di?erent gas fuels (as propaneand methane) 
of differing heat’ values, from which any selected oneof 
such gas. fuels is-in. supply tov the conduit 25 at, any one 
time. Included in the conduit 25 are a manual shut-olf 
valve. 27 and‘ a gas throttle valve 29 illustrated as a 
“butterfly” type. valve. Throttle valve 29. is controlled‘ 
or regulated, by a. governor 30 of suitable, well-known 
form, which is engine driven through connection 31 to 
the engine‘ crankshaftv 19,- and operates in accordance 
with engine torque output-or loading. The throttle valve 
and governor are operatively connected by linkage gen 
erally indicated at 33, while the governor is settable for 
load responsive operation. at selected engine speeds, by 
speed setting mechanism (not shown) embodied in the 
governor and controlledlmanually through linkage indi4 
cated‘ at 34. 

Arranged‘ in-‘the gas supply conduit 25' at a’ suitable 
point therein which is anterior to the throttle valve 29, 
is a-pressure regulator valve device generally indicated‘ 
at40. Device: 40.1may be of suitable, readily available 
type, providing a main gas throttling valve indicated. at 
41‘, and‘ajvalve positioning means (not shown)‘ which is 
controlled-in.a-known-manner by pilot valve control indi- ‘ 
cated in outline at 42. 

Referring now‘to Fig. 2, pilot, valve operation is deter 
mined through a differential‘ pressure responsive dia~ 
phragm 44‘?xed to pilotivalve stem 45. Said=diaphragm 
is subjected on-its underside to the pressure of gas fuel at 
the outlet side of main‘valve 41 (as the pressure of-gas 
in the conduit 25 between the valve 41 andthrottlevalve 
29.‘), and on its upper SlClQ‘lO an opposing‘ pressure pro 
vided, in part, by a spring46 in compression‘ against 
the outer end 48 off-the-pilot valve .stem 45. The: com» 
pression'of spring 46 is adjustable or settable in a manner 
to be described later; As-is well‘known in regulators 
of this type, an increase in the compression of spring 46 
to effect a corresponding increase in the opposingforce 
thereof on diaphragm 44, results in pilot valve control‘vof. 
the main valve~41 to determine-such increased gas pres 
sure at the regulator» output to‘ conduit- 2-5 as will re 
balance the pilot valve diaphragm, and hence, establish 
the pressure of'gas fuel in supply to the'throttle valve 
29 at a value correspondingto the then adjustedrcom 
pression setting of the-spring-46. A decrease: in~springl 
compression on thepilot- diaphragm will‘ eifect on‘ the 
other hand, a correspondingly lower gas pressure in-sup-' 
ply to the throttle valve 29. 

In accordancewith the present invention,- theel’fectcf 
spring 46 on the vpilot diaphragmis augmented or modu 
lated by means acting on the diaphEtgm~ofithe pilot- 
valve control to impose a force thereon in direct pro 
portion to engine speed, which results in operation~of=the 
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regulator valve device 40 todetermine the pressure of-‘gas > 
supply to the throttle valve 29 ‘at pressure» values vary? 
ing in direct proportion with engine‘ speed variations. 
The, modulating means is comprised in-general-o-f a- ful 
crumed lever 50 having one end engaged between upper 
and lower ?anges 51 and 52; respectively, on the pilot 
valve stem 45; The opposite end‘of'the lever. is~con-‘ 
nected to the movable element or piston 54 (here shown 

asadiaphragm) of a ?uid pressure operated servo-motor 
indicated at 55, the cylinder or pressure chamber 56 of 
which is in connection by conduit 58, with the cooling 
water supply conduit 16 (Fig. 1). The lever 50 is pivot 
ally supported, intermediate its ends, by a fulcrum or 
pivot member 59 of suitable character, which is position 
ally adjustable along the lever; as on support 60. 
Withy proper setting of the lever fulcrum 59‘ and 

selected adjustment of the 'spring 46, the pressure regulat 
ing function of device 40-.may be-determined such that at 
engineidling speed, for example, the pressure of gassup 

, ply to; the; throttle valve 29 will. be at the pressure re 
quired for engine operation under the idling condition. 
Further, in the example given, upon- increase in engine 
speed to a low or intermediate operating speed, the 
modulating lever control responds in direct proportion 
to the increased engine speed, as measured by the corre 
sponding-increased water pressure in the~supp1y conduit 
16, to'increase: the -.load‘i'ng- force on- the pilot valve I dia 
phragm correspondingly, and-thereby cause» the regulator 
40’ to determine the‘ gas: pressure at the value required ' 
for'e?ective engine operation under the higher‘ speed con 
dition. With increase in speed, to the normal maximum 
engine- speed, the modulating lever device responds in 
proportiomtocngine speed, to- further increase the valve 
diaphragm loading force correspondingly and up‘ to‘ a 
maximum determined by-the maximum-engine speed, for 
causingalikeincrease in the gas pressure at the throttle 
valveltovvalues necessary for- e?ective engine function-at 
high speeds; Qt» course, with decrease in engineaspeed, 
the‘ modulating-"lever provision operates in the reverse 
oftthe-foregoing,» as to cause thelpressure regulator to 
readjust gas- pressure-to the required lower values. 

It‘ will beappreciated‘fromthe foregoing, that by ad 
justing-'the‘function of the ‘pressure re gulator' 40 through 
thesmodulati'ng lever» provision-acting > in direct proportion 
to'engine-speed; the'gas pressure-at-the' throttle valve 29 
may-be‘ set in‘direct‘accordance with engine speed, such 
thatt foranygiven engine» speed,- the gas pressure is at 
the necessary’ or optimum pressure value required for 
effective engine operation over-its load range at the given 
engine speedi Thus, ‘with speed proportioning of’ gas 
pressure in this manner,_the load limitforv any given 
engine speed‘ may be- determined by the gas pressure 
setting for the given-speed. Consequently, overloading 
of“ the; engine at’ any- given’ speed‘ is- precluded by the‘ 
present gaspressure regulating-provision. 

In"'therindicated-embodiment, the adjustable-spring 46 
affords a?-‘xed force>=on>the-pilot diaphragm of ‘the regu 
lator, variable-invalue according to the adjusted setting‘ 
of'the-‘spring, while the pivoted lever-provision provides 
a modulating force automatically varying‘ in proportion 
to, engine» speed; The; forcearatio of \ the lever provision 
is-adjustable, as ‘previously indicated,_by-varying the posi 
tion-of the lever fulcrum 59; whereby to permit of ad 
justments in the operation of the'provision to accom 
modate given-conditions of‘a' givenengine installation, 
and'lto adapt~the modulating control to the B. t._u; heat 
value of thegasfuel. The manner of e?ecting the indi 
cated adjustments'will‘ now be described. 

Referring to Figs. 21 and 3; there is‘ shown enlarged 
detailedviews ofthe control provision, indicated gener 
ally by_ reference .numeral'_ 70, which acts to control'the 
pressure regulator va-lve device 40 whereby to regulate 
the gas ‘pressuresupply to the, engine. in direct proportion 
to the engine speed‘. Fig. 2" shows said‘ control provi 
sion conditioned‘ or set up for use with a particular 
gaseousiuel, for example, propane, whereas Fig. 3 shows 
said control provision set-up for use with a different gas, 
such ,as methane, _, In both views-‘like parts- are designated 
by the same reference numeral. As indicatedga base or. I 
5uPRQTt_Il1eIIIlb.BL 71 _ is, provided, near one end__ thereof, 
with , a, bore 72;.into, which seats a,v hubv Ppl‘ll0l1f74: of I a 
flange memb‘erj75,',saidj?ange member beingssecuredsto 
said base in any ‘suitable manner. Said ‘?ange member 
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cooperates with an underslung housing 76 to afford a 
chamber 78, in which is disposed diaphragm member 
44, secured at its outer periphery between the ?ange and 
the housing, as at 79, and mounted on pilot valve stem 
45, said valve stem extending through a bore 80 in ?ange 
hub 74 to termination in spaced apart ?ange portions 51 
and 52 and stub or end portion 48. Said pilot valve 
stem is integral with a pilot valve 42 (shown dotted in 
Fig. l), which operates valve positioning means '(not 
shown) in a well known manner to control gas throttling 
valve 41. 
As previously mentioned, the diaphragm 44 is subject 

ed on its underside to the pressure of gas fuel at the 
outlet side of main valve 41, and on its upper side to 
an opposing pressure provided, in part, by spring 46 in 
compression against the outer end 48 of the pilot valve 
stem 45. Said spring is contained between the stem 
outer end 43 (against ?ange 51) and a cup-like member 
82, all of which are disposed within a housing member 
83 mounted on the base 71. The upper portion of said 
housing is provided with a threaded bore 84, aligned with 
the valve stem axis, ‘and having a bolt or stop member 
86 threaded therethrough. The end portion 87 of bolt 
86 ?ts into and abuts the cup-like member 82, whereby 
movement of said bolt, in or out, will cause like move 
ment of said cup-like member, thereby increasing or de 
creasing the compression factor of spring 46, respectively. 
A lock nut 88, in threaded engagement with bolt 86, 
provides means for maintaining said bolt in any degree 
of adjustment as may be required. > 

It should be obvious that movement of bolt 86 in 
wardly will cause an increase in the compression of 
spring 46 to effect a corresponding increase in the op 
posing force thereof on diaphragm 44, resulting in pilot 
valve control of the main valve 41 to determine such 
increased gas pressure at the regulator outlet to conduit 
25 as will rebalance the pilot valve diaphragm, and 
hence, establish the pressure of gas fuel in supply to the 
throttle valve 29 at a value corresponding to the then 
adjusted compression setting of the spring 46. A de 
crease in spring ‘compression on the pilot diaphragm 
will effect, on the other hand, a correspondingly lower 
gas pressure in supply to the throttle valve 29. 
As before described, the effect of spring 46 on the pilot 

diaphragm is augmented or modulated by means acting 
on the diaphragm of the pilot valve control to impose 
a force thereon in direct proportion to engine speed, 
which results in operation of the regulator valve device 
40 to determine the pressure of gas supply to the throttle 
valve 29 at pressure values varying in direct proportion 
with engine speed variations. The modulating means is 
comprised of the fulcrumed lever 50 having one end 
90 extending through an opening 91 in the housing 83 to 
engagement between upper and lower ?anges 51 and 52, 
respectively, on the pilot valve stem 45, said one end 
preferably being bifurcated so as to insure a positive en 
gagement with said stem. The other end 92, of the 
lever 50, is provided with an adjustable member or bolt 
94 which depends from said lever su?iciently to abut the 
stem portion 95 of ‘a movable element or piston 54 (here 
shown as a diaphragm) of a ?uid pressure operated servo 
motor‘indicated at 55. 'As previously mentioned the 
servo-motor chamber 56 is in connection by conduit 58 
with the cooling water supply conduit 16, and any pres 
sure change of said water supply. will be re?ected by 
movement of stem 95 to cause movement of lever 50, 
with subsequent effect at lever end 90 on the pilot valve 
stem 45. 

It should be apparent that the degree of movement of 
lever end 90 responsive to movement of lever end 92, 
is dependent on the position of fulcrum 59 relative to 
lever 50. For purposes to be later described, the fulcrum 
member 59 is adjustable, and in the following manner. 
Said fulcrum member is cylindrical in shape, having its 
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outer surface formed to provide a main cylindrical sur-' 
face 97, and a reduced cylindrical portion 98, thereby pro 
viding ‘a shoulder 99. Support member 60 is formed to 
provide a cylindrical bore having a main cylindrical sur 
face 102 and a reduced cylindrical surface 103, thereby 
forming a shoulder portion 105. As shown in the draw 
ings, the cylindrical outer surfaces of fulcrum member 
59 are so related to the cylindrical surfaces of the bore 
as to form 'a cylindrical pocket or space 106 between 
the shoulders 99 and 105. Disposed in said cylindrical 
space 196 is a helical spring 107, of the compression type, 
which urges said shoulders apart, i. e., the-spring tends 
to move fulcrum member 59 outwardly, or to the right 
as shown in the drawings. Opposed to this spring-urged 
outward movement of the fulcrum member, so as to 
limit said movement, is an adjustable stop member 198, 
comprising a boss or ?ange 109 ?xed to base plate 71, 
having a bolt 110 threaded therethrough and provided 
with a set-pin 112 (indicated in outline) for locking said 
bolt in any desired position of adjustment. It is ap 
parent then, that with member 59 in abutment with belt 
110, movement of the latter will result‘in movement of 
fulcrum member 59 whereby to change the length and 
effect of lever arms 98 and 92, one to the other. 
As will be described more fully later, adjustable stop 

member 86 is preset to produce the proper pressure value 
at the lower speed limit, stop member 108 is preset to 
determine fulcrum positionment for the proper pres; 
sure value at the upper speed limit, and lever 50 acts 
in response to changes in engine speed to produce, in 
direct proportion thereto, proper intermediate pressure 
values, for a given gas of known heat value. 

Referring again to Figs. 2 and 3, support member 60 
has formed as a part thereof, an upright plate 114, to 
which are pivotally mounted upper and lower bell cranks, 
115 and 1156, respectively. Upper bell crank 115 has 
one arm 118 extending towards the lower bell crank 
116, while said lower bell crank has one am 119 extend 
ing toward said upper bell crank, said arms 118 and 119 
extending in an over-lapping relation, adjacent a cam 
member 120, said cam having a handle 122 operatively 
associated therewith for rotary movement of said cam 
to either of two positions, as indicated. . - 

Upper bell crank 115 has another arm 123 which‘ 
extends over housing member 83, and is provided with 
an adjustable bolt or stop member 124, threaded there 
through, having a set-screw 126. Stop member 86, 
formed to provide a central bore 127, has a rod 128 
disposed therein and which bolt 124 may abut when 
bell crank 115 is in the proper position (Fig. 3). With 
bolt 1Z4 properly adjusted, movement of bell crank 13.55 to 
the position shown in Fig. 3, will cause rod 128 to move 
beyond the end 87 of bolt 86, thereby acting upon 
cup-like member 82 to effect the compression factor of 
spring 46. In this position, adjusting movement of bolt 
124, in or out, will cause like movement of said cup-like 
member, thereby increasing or decreasing the spring 
compression factor, as the case may be. 
Lower bell crank 116 has another arm 130 which 

extends to a position adjacent the fulcrum 59, and which 
is provided with an adjustable bolt or stop member 131, 
threaded therethrough, having a set-screw 132. When 
bell crank 116 is in the position shown in Fig. 3, adjusting 
movement of bolt 131, in or out, will cause like move 
ment of said fulcrum member, thereby changing the 
lever arm ratio of lever 50. 
As shown in the drawings, the bell cranks 115 and 

116, are under bias through springs 134 and 135, respec 
tively, so as to insure positive and immediate response 
of said bell cranks to movement of the cam member 120. 
Also, it should be noted that due to the cam shape, said I 
cam is either effective or ineffective as regards the bell 
cranks, and is positionable through handle 122 to condi 
tion the elements, either as shown in Fig. 2, or as shown 
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in Fig. As previously pointed out, andasnowwill 
be, described, Fig. 2; showsthe control provisioncondi» 
tioned or. set up for use withvoneparticular gaseous: fuel, 
for example, propane, whereas Fig. 3 shows said control 
provision set-up for use with. a: different ‘gas, such as 
methane. 
Assumea given,engine.installati-onwherein the upper 

andlowerenginespeed limits arelZOO R, P. M. and'ZlOO 
R. P. M., respectively, and two gaseousv fuels, propane 
andmethane, are available-for supply to said engine. ' As 
predetermined by test under the above;c0nditions and 
with the engine running. at no load, it is found whenv 
using propane that, the gas» pressure in supply. to the 
engine throttle valve should. closely‘ approximate 10, 
p. s. i. vg. at the minimum engine, speed of ‘400 R. P. M., 
and about 25 p. s. i. g. at themaximum speed of 1200 
R. P. M. The curve P as shown in the graph of Fig. 4, 
indicates the pressure range-for propane, over the engine 
speed range of 400 to 1200 R. P. M., Withthegas pres 
sure-in p. s. i. g. being the header- pressure in supply 
to the throttle valve 29. ' 
Now with gas fuel supplied to the pressure regulator 

device, at. say a minimum of 50 p. s. i. g., the engine is 
started and operated under no load at. 400 R. P. M. 
Referring to Fig. 2, the regulator spring 46 is adjusted 
by movement of stop member 86 until the spring pressure 
plus the additional pressure imposed by the speed respon 
sive lever 50 then effective on the pilot diaphragm 44, is 
such as to set the regulator for determining the gas pres 
sure at the throttle valve, (which may. be observed, Fig. l, 
on a pressure gauge 136 in the conduit 25), at the desired 
value of 10 p. s. i. g. whereupon, the engine speed is 
increased to 1200 R. P. M. atno load. If the pressure 
on gauge 136 is greater than the desired 25p. s.,i. g. the 
lever fulcrum 59 then is moved in the direction away 
from the lever end which is in engagement with thevpilot 
valve stem. This adjustment is made by “threading out” 
the bolt 110 whereby action of spring 107 causes fulcrum 
member 59 to move outwardly, or to the right as shown 
in the drawings. On the other hand, if. the pressure is 
below 25 p. s. i. g, the fulcrum is moved inthe opposite 
direction, or towards the lever end which is in engagement 
with the pilot valve stem, as by “threading in”'bolt 110. 
After such'fulcrum adjustment, the engine is again 
at 400 R. P. M., and the spring 46 then adjusted, if neces 
sary, untilthe gauge pressurereadslO p. s. i._g. Follow 
ing this, the engine speed is increased to, 1200 R. P. M;, 
and the gauge pressure is, thenobserved. If the pressure 
is substantially at 25 p. s. i. 'g., the, regulator is in proper 
adjustment for engine operationyover its full, speed and 
load range, with the lever control 50 actingpto regulate 
the pressure of gas supply to the throttle valve within 
the indicated pressure range, in direct proportion to 
engine speed. If, however, the gas pressure at 1200 
R. P. M. under-the no load condition of'the engine, is 
not at the required 25 p. s. i. g. value, then the fore-going‘ 
described adjustment steps must ‘be repeated until the 
required pressure conditions are obtained. 
When the above adjustments have beenmade, the con 

trol provision 70 is set up to regulate one gaseous fuel, 
as by example, propane. To condition the control provi 
sion for-another gaseous fuel, say methane, while yet 
maintaining the proper settings for propane, requires that 
handle 122' be rotated clockwise, to the position indicated 
in Fig. 3. Such handle movement causes like movement 
of cam member 120, which actuates bellcranks 115‘ and 
116 through the arms 118 and 119, respectively, to the 
positions shown. ' 

Movement of hell crank-arm 123 causes bolt 124 to 
contact rod 128, and‘ upon full actuation of said arrn, 
said rod extends beyond the end 87 of stop member 86'. 
As shown in Fig. 3; rod¢128then abuts cup-like member 
82 and-‘moves it away'frornrcontact- with stop member 
86, thereby effecting a new compression adjustment of‘~ 
spring 46 independent of the setting of member 86, and 
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without,disturbin.gthetsettingfofv the latter. Also, move! 
ment otbellicranlsarm 130 causesbolt 131 to,con_tact 
fulcrum member 5.9., QQQLUR'QH fullactuation of. said ‘arm, 
toLmove. said fulcrum. away. fmmswp member lltland 
toward theleyer, end? which is: in;engagement with the 
pilotvalve. stern. . ' 

‘ Assuming, theengine. installation previously. described 
and. with. the engine. runi1.ing.~ at no load, it is found’. 
whenusinemethauehthatthe gasnressure in supply. to 
the engine throttle valve should‘ approximate 12 p. s. i. g, 
at the minimumenginespped of_400 R. P. M.,jand 37 
P.- S, i-, \grat the maximu_rn__speed of 1200 R. P. M., Asv 
shown -_in,Ei_g,_4,;the_curve,Mzindicates the pressure range, 
for methauefou this. same 400m 1200 RR M- speed 
rangeof'the engine- With sasfueLw-pplied. to the pres. 
sureregulatordevics. at‘tlieminimumbf 50 P s- i-s, 
thsengineisstarted and operated underlie load at .400‘ 
R. P. M. As showninliigr?rthe regulator spring.46_ 
is. adiustsd‘by movement ,Of stop member. 124, which acts‘ 
through rod‘kl28 to move, cup-likernember 8,2, untilthe 
springprressure plus the additional, pressure imposed by 
the. speed responsive lever 50 then effective on the pilot 
diaphragm 44,,is- such asto set the regulator for deter 
mining the, gas“ pressure at_ the. throttle valve, at the 
desired value of 12p, s.,i_. g; The engine speed'is now 
increased to, IZOOR. 'P,‘ M, at no load. If the pressure 
on gauge. 13.6, is greater than the desired 37 p. s. i. g., the 
lever fulcrum 59" then vis moved in the direction away 
from the lever end whichv is,in_ engagement with the pilot 
valvestcni. This. adiustmentcis-made by “threading. out" 
the heltl?lrwherebv astionof Spring 107 causes ful 
crum member}? to. move outwardly. 

the opposite direction or'inwardly, as by. “threading in” 
bolt._1_3_1‘. After such'fulcrumadiustment, the engine is 
again run a_t,400j,R._ R. Mi, and'spring 46.'then readjusted‘ 
if, necessary,_vuntil the gauge pressure reads 12p. 5. i.‘ g‘.v 
Theengine speed'is then increased to 1200' R. P.‘ M;, 
and if. thepressureis substantially‘ at 37p. s. i.‘ g'., the‘ 
regulator is properly, adjusted-1 for engine operation over 
its full. speedandi-load range If,',hOwever, the gasrrss 
sure at 1200' R‘. P‘. under the no‘load condition of‘v 
theengine, is notatwtherequired 37 p. s. i.‘ g. value, ,then 
the. foregoing, described‘ adjustment‘ steps‘ must be re 
P?atcdhuntil thereguired'pressure conditions are obtained. 
With the above adjustmentsjrnade', ,the control provision‘ 

70_ as shownin Big,‘ _3_' isjsetup tojregulate. onefgaseousI> 
’ previously described, the control‘ 

provisionas SIQQ'WH‘iQ’FigIZJ'iS set ‘up-for a different gas-‘ 
fuel, as. methane. 

eons fuel; propane for example. It will be observed now 
that thesettingsof'stop members ‘86 and 110, as provided‘ 
for. regulationof, methane, are independent of ‘theset 
tings of stop members 12,4.‘and- 131, provided for regu 
lation ofpropane. Thus, through manipulation of handle 
122, the. control‘ provision may be conditioned selec 
tively for regulation‘ of‘oneor the other of two differ 
ent gaseousfuels, as circumstance may require. 

In field'operationwlrere a suitable supply of methane; 
is_available,_the control provision would be in thecon 
dition, shown in Fig.‘ 3; affording engine supply of gas’ 
fuel at proper pressures over, the full speed and load 
range with lever control SO‘acting to regulate the'gas 
supply pressure to the‘throttle. valve within 'the'indicated‘ 
range, in direct. proportion to- engine speed. Should: 
there be an interruption or failure in the supply of meth 
ane, movement of‘handlelZZ’to-the position shown‘ in 
Fig. 2, would condition‘ or setupthe control provision 
for proper regulation of the ‘gas supply pressure onavail-t 
able propane; which gas- could be ‘held rin.reserve- as. an 
emergency-supply: ltfisito-be.understood,of course, that 
methane: and propaneare given by way ofgexample , only, 
and that v the; control .is-readily "adapted and adjustable to, 
other a gaseous’ fuels; suitable; for engine‘ operation. 

It ist-apparentfroin thesforeaoins description, andwith 
reference to the accompanying drawings, that the present 

_ However, , if " the‘ 

pressureis' below 37' p. s, i._'_g_., the fulcrum is moved ‘in 
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invention provides a control provision operable automati 
cally to determine the gas supply pressure at values in 
direct proportion to engine speed. Furthermore, said 
invention provides suitable structure whereby the same 
control provisioncan be pre-set to accommodate any two 
di?erent gaseous fuels without further or subsequent set 
ting of said control provision other than operation of 
selector means for determining the setting to be made 
e?ective for either of two given fuels. 

While the foregoing speci?cation sets forth the inven 
tion in somewhat speci?c detail, it is to be understood 
that many variations and modi?cations may be resorted 
to without departing from the broad aspects of the in 
vention as de?ned by the following claims. 

Having now described the invention, what is claimed is: 
1. In an internal combustion engine operable on gas 

fuel and having a ?uid pressure system in which the pres 
sure of ?uid therein is proportional to engine speed, a 
fuel supply system including a conduit for en 
gine delivery of gas fuel under pressure, a throttle valve 
in said conduit, a pressure regulator device in the con 
duit, said device including a control element condition 
able for regulating the device to determine the pressure 
of gas fuel in supply to the throttle valve, settable ad 
justing means for conditioning said control element, 
settable auxiliary means responsive to the ?uid pressure 
in said ?uid pressure system, operable on said control 
element to alter the conditioning thereof by said adjust 
ing means, in accordance with engine speed, adjustable 
stop means for said auxiliary means, and lever means 
operatively associated with said adjusting means and said 
adjustable stop means, jointly, for determining the set 
tings thereof. 

2. In an internal combustion engine operable on gas 
fuel and having a ?uid pressure system in which the pres 
sure of ?uid therein is proportional to engine speed, a 
fuel supply system including a conduit for engine de 
livery of gas fuel under pressure, a throttle valve in said 
conduit, a pressure regulator device in the conduit, said 
device including a control element conditionable for reg 
ulating the device to determine the pressure of gas fuel 
in supply to the throttle valve, settable adjusting means 
for conditioning said control element, ?rst lever means 
operatively associated with said adjusting means for de 
terining the setting thereof, settable auxiliary means re 
sponsive to the ?uid pressure in said ?uid pressure sys 
tem, operable on said control element to alter the con 
ditioning thereof by said adjusting means, in accordance 
with engine speed, adjustable stop means for said auxil 
iary means, second lever means operatively associated 
with said adjustable stop means for determining the set 
ting of the auxiliary means, and cam means for actuating 
said ?rst and second lever means. 

3. In an internal combustion engine operable selec 
tively on one or another gas fuel and having a ?uid pres 
sure system in which the pressure of the ?uid therein is 
proportional to engine speed, a gas fuel supply system 
including a conduit for engine delivery of gas under pres 
sure, a throttle valve in said conduit, a fuel pressure 
regulator in the conduit and adjustable for determining 
fuel pressure in supply to the throttle valve, said regu-' 
lator providing an adjustment control element, settable 
spring means imposing a control force on said control 
element, at least two alternatively effective spring set 
ting means for said spring, pivotal lever means in opera 
tive connection to said control element and effective, in 
accordance with variations in ?uid pressure in said ?uid 
pressure system, to regulate said control element, said 
lever means including a selectively positionable fulcrum 
lever support, at least two alternatively effective position 
determining means for said fulcrum lever support, and 
means operable selectively for simultaneously rendering 
one of said spring setting means and one of said position 
determining means effective and ineffective. 

4. In an internal combustion engine according to claim 
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3, wherein the said selectively operable means includesa 
pair of pivotal lever elements and lever actuating ‘cam 
means common to said lever elements. 

5. In an internal combustion engine operable selec 
tively on one or another gas fuel and having a ?uid pres- ‘ 
sure system in which the pressure of the ?uid therein is 
proportional to engine speed, a gas fuel supply system 
including a conduit for engine delivery of gas under pres 
sure, a throttle valve in the conduit, a fuel pressure reg 
uator in the conduit and adjustable for determining fuel 
pres-sure in supply to said throttle valve, s'aid regulator 
providing a pressure adjustment control element, settable 
spring means imposing a control force on said control 
element, regulating means operable in response to ?uid 
pressure variations in said ?uid pressure system, for im 
posing an additional control force on said control ele 
ment varying in proportion to engine speed variations, 
said regulating means including a pivotal lever engaging 
said control element and a movable lever fulcrum sup 

- port positionable along the lever, adjustable means for 
determining one position of said fulcrum support along 
the lever, a pivotal member including an adjustable ele 
ment for determining another position of said fulcrum 
support along the lever, an adjustable element for deter 
mining one setting of said spring means, means includ 
ing a second pivotal member and an adjustable element 
for determining another setting of said spring means, and 
an actuator common to said pivotal members. 

6. In an internal combustion engine selectively operable 
on any one of several given gas fuels differing in heat 
value, a gas fuel supply system for the engine, said system 
including a gas pressure regulator adjustable for deter 
mining the gas pressure in the engine supply system, said ; 
regulator having an adjustment control element, ?rst ad 
justable means imposing a control force on said control 
element, second adjustable means including an actuator 
subject to engine speed variations, for imposing on said 
control element an additional control force variable in 
proportion to variations in engine speed, means opera 
tively associated with each of said ?rst and second ad 
justable means for determining a ?rst adjusted condition 
of each thereof whereby to condition the regulator for 
determining the pressure of one given gas fuel in the 
engine supply system, and other means operatively asso 
ciated with each of said ?rst and second adjustable means 
for determining a second adjusted condition of each 
thereof whereby to condition the regulator for determining 
the pressure of another given gas fuel in the engine supply 
system. 

7. In an internal combustion engine according to claim 
6, characterized further by means operable selectively 
for rendering the said other means effective and ineffec 
tive to determine the said second adjusted condition of 
the said ?rst and second adjustable means. 

8. In a fuel supply system for an internal combustion 
engine operable on gas fuel and having a ?uid pressure 
system wherein the ?uid pressure is proportional to engine 
speed, a pressure regulator device in the fuel system for 
determining the pressure of gas fuel supply for the engine, 
said device including a control element regulatable to 
condition the device for determining the gas supply pres 
sure, adjustable spring means imposing a control regulat 
ing force on said control element, adjustable auxiliary 
means imposing on said control element an additional 
regulating force proportional to engine speed, the last 
said means comprising a pivotal member in operative en 
gagement with said control element, a positionable ful 
crum member pivotally supporting said pivoted member, 
spring means urging said fulcrum member in one direc 
tion, ?rst adjustable stop means operatively disposed ad 
jacent the fulcrum member in opposing relation to said 
spring-urged fulcrum movement, second adjustable stop 
means operatively disposed adjacent the fulcrum member 
in opposing relation to said spring-urged fulcrum move 
ment, lever means operatively associated with said second 
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adjustablestop, means for moving;saidrsecondnadjustablé 
stop means into andsoutofxan effective r'elation.,with§,said; 
?llcrllml-membter, ,and ?uid pressure- operated. means; con 
nectedgto the. pivotal member and responsiveto‘?uid'pre's: 
sure ,variationsin saidr?uid pressure 'system,.sfor? pivotally 
actuatingvsaid‘ pivotalfmember. 

9r. Inrasfuel supply systemior an,internal combustion’ 
enginewop‘erable. on .gas fuel‘andshavingia ?'liid pressure 
system wherein thel?uid pressure is proportional gtoengine. 
speed; .a_pressure~reg'ulator device in‘ the, fuel system for 
determining theipressure of gasifuelsupply’ for the engine, 
said I devices including av control , element; regulatable to 
condition the,,device_ :for determining the; gas supply pres 
sii're, a,jspringjmember, ton imposing ,a control regulating 
force on__s'aid‘control element, adiustingdmeans associated‘ 
With'jsaid spring member for altering its control regulating 
force, saidlast means including a ?rst adjustable stop 
member for operative engagement with said‘springjmem 
her, a movable rod extending through said‘stoprmember, 
a second adjustable stop.memb‘er operatively disposed 
adjacent vsaid‘rod and movable into abutment with‘ the 
rod,‘ (eifectiveto displace the rod ‘into an engaging‘relation 
with‘ the spring and thereby to move said‘ spring ‘away from 
engagement'with the ?rst adjustable. stoprmember, lever 
means voperatively associated with the second adjustablew 
stop‘ member for moving said second adjustable‘ stop’ 
member intoand out of"displacementee?ecting relation 
with said rod; andadjustable.auxiliarvmeans‘imposing 
an additional regulating force on said control element, 
said ‘auxiliary means including-a pivotal lever in operative 

justable intermediate the ends-of the lever, and 'lever '01) 
erating‘means connected to the lever and operable‘autoi 
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connection to; said control element, lever pivot means‘adi .30 zi???gzz" 

r2. 
matically. in. accordancewithr?uid pressures-variations; in. 
said?nid pressure system; 7 

1Dl.In;a fueLsuppll pressureregulator having,a-.pres: 
sure- adjustments control. element, the. combination with 
said; regulator‘ of. as settahle, springs imposing a control 
force_ on said regulator. control element, ant adjustable 
memberfondetermining ,one control setting of said spring, 
separate means includingan adjustable element, operable 
to andfrom an eifectivepositiondetermining another con 
trol‘setting of'saidispring, means including a pivotalllever 
in engagementwith saidcontrol element, ,for imposing an 
additional control force on the. control element, . and‘ a 
lever fnlcrum support positionable alongsaid lever for 
regulatinglthe control force imposing e?ect'of the‘ lever 
on said'control‘element,‘ adjustablemeans for determining 
oneposition of said fulcrum support along the lever, sep; 
arate meansincluding an‘adjustable element, operable to 
and=ffom aniefr’ectiv'e position determining another posi'» 
tion. of "the fulcrum support along the lever,,an'd1 means 
for operating the said‘separate means to and" from said‘ 
e?‘e‘ctive positions thereof: 
' ll.‘ Th'e‘comb'inatio‘n as de?ned'by, claim 10, wherein 
the last said ‘means includes .an actuating member common 
to the said ‘separate vmeans for conjoint operation of'the 
separate ‘means selectively'to and‘from the said ‘effective 
positions thereof: 
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