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1

The invention relates to the regulation of the
output of gas compressors or similar gas or liquid
pumps. In the unloading of compressors the
usual practice has been to reduce the speed of
the prime mover, in proportion to the reduction
in demand, down to as low a speed as possible,
regulation below minimum speed being secured by
resort to unloading devices such as clearance
chambers and suction valve openers, or combi-
nations of such devices, which would further un-
load the compressor cylinder in step by -step
fashion. The result of the above prior art prac-
tice was to produce straight line regulation
through the part of the range in which the output
could be controlled by varying the speed of the
prime mover, with less accurate control where
greater unloading was required because of the
abrupt changes in loading produced by cutting
the step unloading devices into and out of oper-
ation as needed to approx1mate the desired de-
gree of unloading.

By the present invention we aim primarily to
extend the range through which substantially
straight line regulation may be obtained. In its
broader aspects the invention involves regulation
by a speed controlled prime mover driving the
compressor and so coordinated with step unload-
ing devices that when one or more of the step
unloading devices is cut into or out of operation,
the speed of the prime mover is thereupon in-
creased or decreased as needed to reduce or
smooth out the abrupt change in output which
the step unloaders otherwise would cause, speed
control being thus utilized over the range of un-
loading afforded by the step unloading devices
to cause the combined unloading or loading effect
to vary in straight line fashion proportional to
changes in demand. Thus straight line regula-

tion is achieved over the combined range afforded’

by the two methods of regulation.

Further objects and advantages of the inven-
tion will be in part obvious and in part specifi-
cally referred to in the description hereinafter
contained which, taken in conjunction with the
accompanying drawings, discloses schematically
certain preferred forms of apparatus .capable of

operating in accordance with the invention. The

disclosure however should be considered merely
as illustrative of the principles of the invention
in its broader aspects.

In the drawings—

Fig. 1 is a schematic view showing one form
of apparatus constructed to operate in accord-
ance with the invention. .

Figs, 2 and 3 are graphs illustrating the oper-
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ation of the apparatus of Fig. 1 when operated
over its range of action.

Many of the parts used in carrying out the
inventionas hereinafter described may be indi-
vidually of construction and mode of operation
well known in the art, and accordingly are not
illustrated nor described in detail. In Fig. 1, for
example, is shown a double action compressor
cylinder | which may be understood as of well
known . reciprocating type having a head end 2
and a crank end 3, the suction pipe of the com-
pressor being indicated at 4 and the discharge
ripe at 5. The compressor may be understood
as driven by appropriate gas engine cylinders §
or equivalent prime mover unit, the speed of
which is controlled by a suitable speed control
regulator T, appropriate forms of which are ob-
tainable on the market. The form of speed con-
trol regulator shown in Fig. 1 may be understood
as of known type which causes the speed of the
prime mover 6 to vary between maximum and
minimum limits, as the pressure obtaining in a
pipe 8 connected to the element 1 fluctuates be-

. tween certain limits.
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A control mechanism 1nd1cated diagrammati-
cally at § is used, which is responsive to load re-
quirements of the compressor. The illustrated
form of control mechanism may be understood
as being of a type known in the art as a controller,
which will respond to different load require-
ments as indicated by suction pressure, or dis-
charge pressure, or flow,; the controller operating
to proportionately regulate the pressure in a con-
trol line connected thereto when the compressor
is operating above or below the rate called for
by the then existing demand on the engine., As
shown in Fig. 1 the pressure controller 9 is con-
nected to the suction pipe 4 of the compressor

by a pipe 10, so as to respond to suction pressure.
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A pipe 1t leading to the pressure controller sup-
plies fluid under constant pressure. A pressure
delivery pipe 8 (previously described as connected
to the speed regulator 1) leads from the pressure-
controller and constitutes the control line in
which the pressure controller regulates the pres-
sure as above mentioned. For example, if. the
pipe {1 be connected to a source of supply of air
under 20 lbs. pressure, the pressure in line 8 may
fluctuate between 0 and 20 lbs. and the speed reg-
ulator T may be such that minimum operating
speed of the éngine 6 is-reached when the pres-
sure in line 8 drops to 8 1bs. and maximum speed
of the. engine- is reached when the pressure in
pipe. 8 rises. to 15 1bs. . .

As previously mentmned the regulatlon effected
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3
by the speed regulator 1 is combined with regu-
lation obtained by appropriate forms of step un-
loading devices which may be such gs are per se
known in the art. For example, in the form of
the example shown in Fig. 1, the flexible dia-
phragm 12 may be understood as controlling a
suction valve opener located at the crank end
of the compressor cylinder, detailed construction
being neither illustrated nor described since ap-
propriate forms of such devices are known in the

art, it being understood that fluid under pressure -

is supplied to diaphragm 12 through a -pipe I3
when the suction valve at the crank end of the
compressor cylinder is to be held open.

Likewise a similar diaphragm 14 and pipe 5
at the head end of the cylinder may be provided
to hold open a suction valve at the head end
when desired. A further flexible diaphragm {6
operated by fluid pressure in the pipe 17, is also
shown at the head end of the cylinder for open-
ing and closing a clearance pocket, the latter
being neither illustrated nor described in detail
since suitable forms thereof are known in the
t. When pressure is present in all of the pipes
{3, I8 and i1, the compressor is completely un-
loaded, the suction valves at both ends of the
cylinder being held open and the clearance
pocket at the head end being also in action.

As a first step in the Ioading sequence the
pressure in pipe 15 may be released to release
" the suction valve opener operated by dlaphragm
{& This with theé engine 6 operating at mini-
mum speed may resulf in a loading of say 10%.
Then as later described more in detail, the en-
gine may be speeded up to a maximum so as to
respond proportionately to increased demand up
to say 25% capacity. Upon increase in demand
slightly above 25% the pressure in pipe 17 may
be released to increase the loadlng to 509 of
capacity, but simultaneously the speed of the
engine 6 is cut down to minimum so that loading
unmedlately reverts to the demand of slightly
more than 25%. Then by increasing the en-
gine speed from minimum to maximum, in-
creased loading requirements may be responded
to in straight line fashion up to about 50%.
Upon increase in requirements above 50%, pres-
sure is released in the pipe 13 to release the
suction valve opener which is held open by dia-
phragm 2. This increases the loading up to
100% but snnultaneously the speed of the en-
gine § is cut down sufficiently to produce a load-
ing of only slightly more than 509%. By propor-
tionate increase in engine speed, the loading may
be thereafter increased in straight line fashion
up to maximum capacity. Thus in the example
under discussion regulation in straight line may
be obtained throughout the range between about
10% of capacity up to 100%.

When the compressor is to be progressively un-
loaded from operation at maximum capacity,
the sequence is reversed, the regulator 1 being
initially in position to operate the engine 5 at
highest speed, and all of the step unloading de-
vices being out of action. The unloading se-
quence in the example under discussion will first
involve reducing the speed of the engine 6 down
to a minimum, this regulation being in straight
line manner down to about 50% of capacity.
Thereupon pressure is supplied to pipe 13 to hold
open the suction valve on the crank end of the
compressor cylinder, which will produce a fur-
ther drop in output to about 25% of capscity,

but the engine is thereupon speeded up simul-

taneously, the change in pressure aﬁectmg speed
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regulator 1, so as to bring the output nearly back
to 50% of capacity, whereupon regulation of out-
put down to 25% may be obtained in straight
line manner by reduction in.speed of engine §
through speed regulator 7. At this point pres-
sure may be supplied in pipe 17 to throw into
operation the clearance pocket at the head end
of the compressor cylinder, thereby reducing the
output to about 10% of capacity, but by the

simultaneous speeding of the engine € through
‘the change in pressure aifecting speed regulauor

1, the output will be brought back to 25% of
capac1ty Regulatlon down to 109% of capacity
in straight line manner may then be obtained
by reduction in the speed of engine 6 through
regulator T. When operation at zero capacity
ig desired, pressure may be supplied through
pipe 15 to hold open the suction valve at the
head end of the cylinder, thereby totally un-
loading the compressor and operating the en-
gine 6 at minimum speed.

Various systems involving pilot mechamsm
for effecting sequences comparable to those above
described, and operated electrlcally, or by pneu-
matic or lquid pressure, or combinations there-
of, are known to the art. The system ‘shown in
”1g 1 may be described as of electro-pneumatic
type, with alr under pressure being supphed
through a plpe 18. The dlaphragm lz is" con-
trolled by a plunger I9 operatmg in g cylmder
20 and actuated by a solen01d 21, When the
solenoid is energized, plunger 19" is raised to
open commumcat’on between pressure p1pe 18
and pipe 13. When solenmd 21 is deenerg1zed
plunger 19 falls, ventmg the’ pressure in plpe 12
through a port 22 in cylinder 20.

Thé diaphragm 16 is likewise controlled_
through a similar plunger 23, cylmder 24, sole-~
noid 25 and venting port 26.  The dlaphragm
14 ig likewise controlled by a similar plunger 21
cylinder 28, solenoid 28 and venting port 30 )

A pilot mechanism suitable for operatmg
plungers 19, 23 and 27 in proper sequence durlng
the loading and unloadmg operatlons, will now
be’ described. In Fig.'1 we have shown for thls

: purpose a recrprocatlng rod 31 havmg a Cross
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bar 32' which 1s opera,ted by a suitable pneumatlc'
pressure responswe dev1ce 33 connected by pipe
34 to the varlable pressure pipe 8 previously de~
scribed, and’ loaded by a spring 35, the arrange-
ment belng such that when the pressure in pipe
line 8 is at a minimum the cross bar ‘82 is held
in uppermost position by spring 35 Thls upper-
most pos1t10n corresponds to fully unloaded con-
dition of the compressor, and in this pos1t1on
the cross bar 32 holds closed a tumbler switch
36 which closes’ circuit to the solenoid 29 from
a supply line 37 and branch line 3§ through a
line 39 lea.dlng to solenoid 29 This cxrcult'
causes pressure to be supphed through pipe 17"
to a diaphragm 16 so that the suction valve
at the head end of the compressor cylmder is
held open

Under the same conditions tne solenoid 25 is’
energlzed through a holdmg circuit ass001ated

) Wlth a relay 49 as follows: Leading from supplv

11ne 31 through g branch line 41, tumbler 42 and
line 43, then through contact bar 44 of relay 48,
and branch line 45 to a br anch 11ne 45 leadmg to.
the coil of relay 40. Thus the cleararnce pocket

" at the head end of the cylinder is held open.

In similar manner the solenoid 21 is energized
under the same conditions to supply pressure
to the diaphragm {2 and thus hold open the suc-
tion valve at. the crank end of the compressor
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-eylinder, through a holding circuit for relay 41
‘as ‘follows: From supply line 37 to the branch
line 41, then through a tumbler 48 and branch
line 49, contactor 50, and then through a branch
line 5{- which connects with the branch line 52
leading to the coil of relay 47.

Now if the load on the compressor be increased
(in the specific example above given) up to about
10%, the pressure within the delivery line 8 will
rise, and at this point the cross bar 32 will move
downwardly far enough to release itself from the
tumbler 36, which will thereupon swing down-
wardly to vertical position, opening circuit to
solenoid 29 and thereby releasing the pressure on
diaphragm {4 and releasing suction valve opener.
Assuming - that the demand on the compressor
continues to increase, the pressure in delivery line
8 leading from pressure controller 9 will progres-
sively rise and the cross bar 32 will move down
past tumblers 53 and 54. The tumbler 53 there-
upon temporarily closes circuit through branch
lines 38 and 46 to solenoid 48, but this produces
no functional change in the apparatus, since the
holding. circuit through this solenoid was already
closed through contactor 44. Likewise when the
cross bar 32 moves down past tumbler 54, circuit
is .closed: through branch lines 41 and 52 to the
relay 47, but the latter was already in closed
circuit condition through its contactor 59.

- During the movements last described it has
been assumed that the pressure in the delivery
line 8 is still below the minimum which will cause
speed regulator T to speed up the engine §, but
as the cross bar 32 of pilot rod 31 moves down
below the position where it engages tumbler 84,
the pressure in pipe 8 becomes high enough to
cause the engine 6 to speed up proportionately to
increase in load. In the specific example given
this proportionate increase in speed will occur
where the pressure in line 8 rises from 8 lbs. to
15 Ibs., at which time the loading of the com-
pressor at maximum speed will be about 25%.
At that point the cross bar 32 has traveled down-
wardly far enough to engage the tumbler 42 and
thereby open the holding circuit of relay 48, the
relay thereupon dropping to open position and
its contact bar 55 opening circuit to the solenoid
25. The plunger 23 thereupon drops to lower
position, relieving the pressure in pipe {7 and
cutting out of action the clearance pocket con-
trolled: by diaphragm (8. With the engine § then
operating at relatively high speed, the compressor
thereupon tends to assume a condition of 50%
loading, but this tendency produces a drop in the
pressure in delivery line 8 which thereupon causes
speed regulator T to decrease the speed of engine
6 until with this decreased speed and the clear-
ance pocket out of operation, the loading effect
is the same as it was previously when the clear-
ance pocket was active and the engine operating
at higher speed.

With the clearance pocket out of operation as
above ‘described, the cross bar 32 as the load is
increased -from -25% to 50% will again pass
through that part of its path just beneath the
point where it engages with tumbler 54, which is
the part of the path where the speed of the engine
is increased, i. e. that part of its path correspond-
ing to a .pressure rise in delivery line 8 between
g.and 15 lbs. per square inch. Upon further
increase in load, regulator T will speed up the
engine § until a loading of about 50% is attained.
. Upon increase in load beyond that point, in
the specific example under discussion, the pres-
sure in delivery line 8 will rise above 15 lbs. and

16

20

25

30

35

40

50

b5

60

65

70

75

6
the cross bar 32 will thereupon move downwardly
until it contacts with the tumbler 48, thereby
opening the holding circuit of relay 4T so that the

‘contactor 58 thereof opens circuit between: the

branch. line ‘51 extending from- supply line 37
and the branch line 58 which leads to the solenoid
21. Thereupon the plunger {3 will drop to lower
position venting the pressure in pipe 13 and caus-
ing the diaphragm i3 to release the suction valve
opener which is located at the crank end of -the
cylinder. At this stage all of the step unloading
devices accordingly will have been cut-out of oper-
ation, and the speed of engine 6 being at or near
maximum, the compressor will tend to operate at
1609 of capacity, but if we assume that the load
requirements are still only 50% or slightly above,
the pressure in delivery line 8 will decreasg-in-
stantly causing the speed regulator 7 to slow down
the engine to minimum speed, where the outpuf is
about 50%. In other words, with the engine oper-
ating at minimum speed and both suction valves
operating normally, the loading is about the same
as with the suction valve at one end of the cylinder
and the engine operating at maximum speed.
As the:load increases -from 50% the speed of the
engine will increase proportionately up to maxi-
mur load. As the load on the engine-decreases
from maximum the cross bar 32 of pilot plunger
8t will first rise to-a position-just under the point
where it engages tumbler 54, decreasing-the speed
of the engine § proportionately to the decreasein
load down to about 50% loading, at which time
the engine will be operating at minimum: speed.
Thereupon tumbler 54 will be actuated to ener-
gize the -relay 47 through branch line 52, the
holding circuit-of such relay will be closed through
its contactor 50, and its -contactor 56 will close
circuit to the solenoid 21. This will cause plunger
18 to be lifted, supplying pressure through pipe
13 to the diaphragm {2 which holds open the suc-
tion valve at the crank end of the compressor
cylinder. This adjustment, with the engine oper-
ating at low speed, would tend to reducethe com=-
pressor to an output of 25% of capacity, but if it
be assumed that the load has dropped only to
slightly less than 50%, the -pressure in delivery
Iine '8 will immediately rise and regulator T will
immediately speed up the engine until the output
is slightly under 50%, the cross bar 32 in this
stage operating in therange just under the point
of contact with tumbler 54, in which adJustment
of the speed of the engine takes place.

If the load be further decreased down to about
25%, the speed of the engine will be proportion-
ately reduced, and at about 25% of capacity the
pressure in the delivery line 8 becomes so low
that the cross bar 32 rises into engagement with
the tumbler 53, which thereupon closes circuit
through relay 40. The latter thereupon closes
its holding circuit through contactor bar 44 and
tumbler 42; and the contactor bar 55 of relay 40
closes circuit from the supply line 31 through a
branch line 59 extending to solenoid 25. There~
upon plunger 23 is lifted to supply pressure
through pipe 171 to diaphragm 16 and throw the
clearance pocket into action at the head end of
the cylinder. ‘This tends to decrease the compres-
sor down to about 10% of capacity, the engine 6 at
the time running at low speed. But assuming that
the load has only been decreased to about 24%,
the pressure in line 8 will rise so that the engine
speeds ‘up until the output is 24% of -capacity.
Thereupon as the loading is decreased from 24%
to 10% the pressure. in - line 8 will fall:so that
speed . regulator - T proportionately: reduces the
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‘speed: of -the- engine -downto 10%- of -capacity.
If the load drops-under 10%; the pressure:in line
8 will Tall to a-point where cross bar-32 -reaches
-its uppermost position as-shown in Fig. 1 where-
upon - solenoid- 29-is energized to supply pressure
through pipe 15 -and cause the diaphragm (4 to
-hold the suction valve open at the head end of
the compressor, thus completely unloading the
-latter. )

The response of the above-described apparatus
to- variations in load requirements is illustrated
by the-graphs of Fig. 2 wherein the graph in solid
‘lines shows the percentages of loadings (. e. the
‘percentage of full output) to which the compres-
sor-is-adjusted in response to load requirements
. changing progressively from: zero to maximum
capacity. The- dotted line graph of Fig. 2 shows
the ‘percentages of loading -obtained as the de-
‘mand shifts from 100% down to zero. The- sec-

tion A of the full-line -graph- indicates the in- .

crease-of loading from 0-to-slightly under 10%,
which takes-place in step fashion when the load
requirement reaches slightly less than 10%, pre-
cise regulation at-such low loads being usually
unnecessary. The full -line-section B indicates
straight-line regulation as obtained when the load
requirements rise-up to about-25%. The peak C
of -the solid -graph indicates the change in load-
ing which takes place when the clearance pocket
at- the head- end- of ‘the cylinder is- cut- out of
-action, whereupon straight line regulation-is re-
sumed -throughout the section- D of the solid line
graph up to-a load requirement of about 50%.
The peak E of the solid line graph indicates the
release of the suction valve opener at the -crank
end -of the compressor -cylinder, - whereupon
straight line regulation continues on-up to 100%
of capacity as indicated by section F of the solid
line graph. i

As-the demand on the engine-decreases from
100 % ; straight line regulation is obtained by speed
regulator 1 down-to-about 50% or slightly under
as-indicated by the section G of the dotted line
graph -in Fig.- 2. The valley -H of-such: -graph
indicates the eutting into operation of the suc-
tien valve opener-at the crank -end of the com-
pressor cylinder. . ‘As the demand decreases from
this point, ‘straight line regulation is obtained
down to a load requirement of about 25% as in-~
dicated by the section I of the-dotted-line graph
in Pig. 2. At this point the clearance pocket at
the head of-the cylinder-is cut into-seivice as
indieated- by -the -valley J-of -such'graph. Then
as -load -requirements --continue --to -decrease
straight line regulation is continued down to about
10%-as indicated by the section K of such graph.
Further decrease of-load requirements will- cause
the -suction valve opener at the head end-of -the
-compressor- cylinder: to- be thrown into- operation
'&S -indicated by-the section I: of such -graph.

- In Fig. 3:the speed of operation of ‘the com-
pressor-is plotted -against variations-in-load re-
‘quirements between -0 and 100%: ‘capacity, -and

" back-to 0-mgain. ‘When-the load requirements
range- under about--10%, -the compressor- oper-
ates at the minimum -speed assumed to be-about
50 %, -as indicated by:the section M-of-tlie full line
graph-in Pig- 3. -In response to -demands vary-
ing-from- about -10% up-to-about-25% -the:speed
of :the -engine -increases - ‘proportionately -up to
maximum as indicated by the:section 'N-of such
graph. -As the-demand rises ‘further the-clear-
arice -pocket--at the-head ‘end’ of ‘the compressor
eylinder-is cut -out -of ‘operation;-and ‘the speed

-of :the -compressor drops ‘rapidly-to -minimum- as
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indicated by the section. O of 'such :graph. ~As

the demand rises torabout-50%  the compressor
speeds up proportionately to maximum speed-as
indicated by the section P of such-graph. At'a
demand of about:50%, and at the time when the
valve opener at the crank end of the compressor
is cut out of operation, the compressor speed
drops rapidly to-a minimum as indicated by the
section Q of such'graph. -On demand increasing

-up t0-100%_ the compressor again speeds up pro-

portionately to maximum, as indicated by the.
section R:of the graph of Fig. 3. The above de-
scribed specific operating conditions are ‘to be
considered merely as:an. example illustrative of
the principle of operation.

From the above-described method-of operation
it will be noted that speed control is utilized to
compensate - and smooth out the sudden changes
in loading which otherwise would -occur -when
the step unloading devices are cut into:and out
of operation. Whenever a step unloading-de-
vice is cut out of operation, thus tending to:pro-
duce a sudden-increase in‘output, this is-done at
a stage when the. compressor is-operating ‘rela-
tively rapidly and the speed is thereupon simul-
taneously reduced to avoid the abrupt-increase in
output which ‘otherwise would -result. ‘And
whenever a step unloading device is cut into oper-
ation this is done at a stage when the compressor -
is operating relatively slowly, -and-the-speed of
the compressor -is thereupon increased -to avoid

‘the abrupt ‘drop-in capacity which: otherwise

would occur. Between -the- settings -where - the
step unloading devices 'are. cut into-and out of
operation, speed. control is -utilized to ‘produce
straight line regulation and: accordingly the two
types of control used in :combination enable
straight line regulation; or substantially so, to be
obtained over the-combined range which the se-
quence affords,

- While the invention has been disclosed as car-
ried out by apparatus of the above described spe-
cific construction and mode of operation, it-sHould
be understood ‘that many changes may-be made

' therein without departing fromjthe invention in

its broader aspects, within the scope of the dp-
pended claims.

“We claim:

1. Regulating apparatus of the class described
for compressors-and the like, including a regulator
of :the speed -control type having means -con-
structed to afford substantially straight line reg-
ulation through part of the load range of a
compressor, a second regulator of the step un-
loading type also controlling -said compressor,
and control mechanism responsive to ‘load -con-
ditions on ‘the compressor, said mechanism in-
cluding means for throwing said step ‘regulator
into and out of action as the load demand falls
below and rises above 'a definite point- and-for
actuating said first mentioned regulator-to-sup-
press the sudden changes in loading which a step
unloader tends to produce when thrown into.and
out of action and produce substantially straight
line regulation of said compressor in response to
load -changes while said second mentioned regu-
lator is in action. )

2. Regulating apparatus of the class described
for compressors and the like, including a regu-
lator of the speed control type having means con-
structed to afford substantially straight line regu-
lation through part of the load range of a com-
pressor, a second regulator of the step -unloading
type also controlling -said compressor, :and -con-
trol mechanism' responsive to load: conditions-on
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the compressor for throwing said step regulator
into and out of action, said control mechanism
including means operating upon the occurrence of
an increase in load requirements while said step
regulator is in action which is greater than will
be met by throwing said step regulator out of
action, first to adjust said first mentioned regu-
lator to speed increasing position while said sec-
ond mentioned regulator is in action and then to
throw said second mentioned regulator out of
action and adjust said first mentioned regulator
to speed decreasing position.

3. Regulating apparatus of the class described
for compressors and the like, including a regulator
of the speed control type having means con-
structed to afford substantially straight line reg-
ulation through part of the load range of a com-~
pressor, a second regulator of the step unloading
type also controlling said compressor, and control
mechanism responsive to load conditions on the
compressor for throwing said step regulator into
and out of action, said control mechanism includ-
ing means operating upon the occurrence of a
decrease in load requirements while said step
regulator is out of action which causes said step
regulator to be thrown into action, first to adjust
said first mentioned regulator to speed decreas-
ing position while said second mentioned regu-
lator is out of acticn, then to throw said second
mentioned regulator into action and adjust said
first mentioned regulator to speed increasing po-
sition, and then adjust said first mentioned regu-
lator to secure substantially straight line regula-
tion while said second mentioned regulator is in
action.

4. Regulating apparatus of the class described
for compressors and the like, including a regu-
lator of the speed control type having means con-
structed to afford substantially straight line regu-
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lation through part of the load range of a com-
pressor, a plurality of regulators of the step un-
loading type also controlling said compressor, a
control mechanism responsive to load conditions
on the compressor, and pilot devices actuated by
said - control mechanism including means for
throwing said step regulators into and out of
action in definite sequence upon increase and
decrease in load requirements above and bhelow
definite points, said control mechanism also in-
cluding means for actuating said first mentioned
regulator to increase and decrease speed in coor-
dination with the aforesaid sequence to produce
substantially straight line regulation of said com-~
pressor over the load range afforded by said step
unloading regulators in combination with said
speed control regulator. -

5. Regulating apparatus of the class described
for compressors and the like, including a regu-
lator of the speed control type having means con-
structed to afford straight line regulation through
part of the load range of a compressor, a second
regulator of the step unloading type, a pressure
controller having means responsive to load con-~
ditions on the compressor and having a delivery
line means controlling said speed regulator to
operate between maximum and minimum limits
upon the occurrence of pressure fluctuations in
such delivery line between predetermined limits,
and & pilot mechanism for said second men-
tioned regulator having means which is also re-
sponsive to pressure fluctuations in such delivery
line and is arranged to coordinate the action of
said regulators to produce substantially straight
line regulation of said compressor through the
load range when said step regulator is in action.
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