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3 Capacity control

The RefComp screw compressors can operate bothlldb&d and part load. In particular for the 13&eries
(models: 40-50-60 Hp) ‘step’ L2 configuration wighsteps (50-75 and 100% load) is available, whaletlie 134-S
series both the ‘step’ L4 configuration with 4 pge(minimum-50-75 and 100% load) and the ‘stepldss’
configuration (continuous variation of the loaayrfr the minimum step to 100%, or from 50 to 100%)arailable.
The two series of compressors are described sepabeiow.

3.1 134-SSeries

3.1.1 Operating principle and oil control circuit

The cylindrical chambers that house the screw sotoe fitted with a longitudinal opening (longitndi port) at the
bottom, through which the connection to the sucsime is adjusted by the position of the slide gglV), see Figure
3-A on the following page. When the valve completeloses the opening, the effective compressiogtleris
maximum and coincides with the entire length of tbers; when, on the other hand, the valve mowestds the
discharge and the opening expands longitudinaltly, éffective working length of the rotors is reddicend as a
consequence a smaller quantity of gas is procegsed. result, adjusting the volume taken in by rthkars make it
possible to control the mass flow processed aniditedy the cooling capacity generated by the caspor

The slide valve (1) is controlled by a hydraulidimger activated by the oil pressure. The oil cir¢hat manages the
capacity control features three normally-close@soid valves (14 — 15 — 16), see Figure 3-A anddifferent plates
(4), used to install the step and stepless cordtguns.

The following paragraphs describe the operatiorthef oil circuit in the two configurations, while after EA-15:
‘Capacity control conversiorshows the required operating instructions to chdraya one configuration to the other.

3.1.2 Step capacity control

The slide valve is controlled by a hydraulic pistbat can have four distinct positions, correspogdo the capacity
steps: 100 - 75 - 50% - minimum step (note: theatiffe capacity steps may differ from the ratediga) according to
the normal operating conditions and from compressaompressor).

The plate (4) allows the solenoid valve (16) totoalrthe flow of oil from the hole correspondingttee 75% step to
the suction side (section of the circuit markedhbynbers 1 and 2). The oil enters the slide vahdrduylic control
cylinder continuously (section of the circuit madkey numbers 3 and 4), thanks to a bypass madheiplate (4), see
Picture 3-A.

Switching from one configuration to the other isgible by replacing the plate (4), see chapter BACapacity
control conversioh

Below is a brief description of the operation df thil circuit in the four compressor capacity steps
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Picture 3-A: step capacity control oil circuit for 134-S series;

14, 15, 16: capacity control solenoid valves;
1. capacity control (134-S series) slide valve apdration piston;
4. step-stepless switch plate;
8: capillary tube (internal to the compressor);
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v MINIMUM CAPACITY STEP (COMPRESSOR STEP FOR START U P AND STOP)

Picture 3-B shows how the oil runs inside the aantircuit. At the minimum step the solenoid valté is

opened, while the valves 15 and 16 are closed.eftwer the oil, coming from the oil reservoir, flotvsough the
opened port to the suction side, not pressurisiagcontrol cylinder. Consequently the piston ishguasto the end
stroke, the longitudinal port is completely opemedthe suction side and the length along whichrttiers are
working is the shortest.

Warning!
Concerning the step capacity control mode (4 steps) minimum capacity step can be used
only to start and stop the compressor; it cannatseel to give cooling power.
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Picture 3-B: capacity control at minimum step;

v' 50% CAPACITY

With reference to Picture 3-C at 50% capacity, sbienoid valve 15 is open while the valves 16 asAdafe
closed; the oil enters the cylinder (through thi&hble on the left) and drives the piston to theitms
corresponding to the"®hole, where the oil flows to the suction side. Hfide valve also moves and partially
closes the longitudinal opening, thus increasimgetffective working length of the rotors.

Jéw

Picture 3-C: capacity control at 50%;
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v’ 75% CAPACITY

At 75 % capacity, see Picture 3-D, the situatiosiisilar to the previous one, but now the solendtie 16 is
open while the valves 15 and 14 are closed; th&algpiston is thus positioned corresponding to3he hole, the
slide valve closes the opening further and incre#se working length of the rotors.

RefComp

L)y

Picture 3-D: capacity control at 75%;

v' 100% CAPACITY

At 100% capacity, see Picture 3-E, all the solemaildes are closed; the oil can no longer leavectiader and
pushes the piston to the limit on the right sidd #me slide valve completely closes the longitudimening,
meaning that compression can occur along the detiggh of the rotors.

é REFCOMP (1]

o O (mm|

Picture 3-E: full load: 100%;
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3.1.3 Control sequence: step configuration

The oil flow is controlled by the three solenoidives, normally closed, positioned on the top of tdoenpressor
casing, see Picture 3F) ( 134-S-71.....134-S-220) Rindure 3G (134-S-240...134-S-300) They are enedgise
according to the logic shown in Table 3-A ( 13415:7..134-S-220) and in Table 3-B ( 134-S-71....-83320).

Picture 3-F: solenoid valve position for capacity @ntrol on 134-S series compressors (134-S-71....13£2-8));

Elettrovalvola 16
Elettrovalvola 15

Elettrovalvola 14

Picture 3-G: solenoid valve position for capacity @antrol on 134-S series compressors (134-S-240....184800);
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Load
A
100% . _ | I
5% o .
50% — —— T — — =
Start . L S
Stop
>t
A Valve 14
ONW|—‘
OFF >t
5 sec 25-40 sec
A Valve 15
ON
OFF >t
A Valve 16
ON -
OFF >t
Economizer
ON
OFF >t
> 120 sec
Capacity Step SOLENOID VALVE
16 15 14
100% Off Off Off
75% on Off Off
50% Off On Off
Start/Stop Off Off On

“Off” = not excited solenoid
“On” = excited solenoid

Table 3-A: operating logic of the solenoid valvesf step capacity control
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3.1.4 Infinity capacity control: stepless

Infinite capacity control is recommended whenewer¢ooling capacity of the system has to be cdettalith a high
degree of precision, while it is not very usefulsystems featuring high inertia, where step capacintrol is more
suitable.

In this configuration, the plate (4) is configured that the solenoid valve (16) controls the fldwoib entering the
hydraulic cylinder that operates the slide vahec{®n of the circuit marked by numbers 3 and Ricture 3A). The
75% step control function is disabled, and for tieiason the section of circuit marked by numbeagd 2 in will not
be shown in Picture 3-H below.

The cooling capacity is therefore controlled byngsihe normally-closed solenoid valves (14), (1% €16), with the
following logic:

v (16): fill the hydraulic cylinder for increasingetltooling capacity required by the users;
v' (14), (15): empty the hydraulic cylinder, until th&inimum step or 50%, to decrease the cooling dgpac
required by the users.

This brings about _continuous controf the flow processed by the compressor, from rifieimum value to the
maximum value. For details on how to replace tlaéep{4) and convert the configuration from the steptepless, see
chapter EA-15Capacity control conversion
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Picture 3-H: infinite capacity control oil circuit (step less configuration) for 134-S Series compress;
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3.1.5 Control sequence: stepless configuration

The cooling capacity control is obtained usingsbkenoid valve (14), (15) and (16) those have terergised
following the scheme of Picture 3-1 and table 3-B

Capacita %

A

100% )

50% -

25%| || ]
—— —
P25 =60 =300 25 |
§ § | i Tempo (sec)
.-t -t L Easi
1 273 4 516 =

Picture 3-1 Scheme of logic of functioning of sofeid valves

INFINITY CONTROL 100+50%
SOLENOID VALVE
Phase Regolation 14 15 16
1 Start ON OFF OFF
2 Load > 50% OFF OFF ON
Unload down to
3 50 % OFF ON OFF
4 Modulation OFF ON/OFF | ON/OFF
Unload down to
5 25% ON OFF OFF
6 Stop ON OFF OFF

“Off” = solenoid valve non excited

“On” = solenoid valve excited

Table 3-B : logic of functioning
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Capacity control RefComp

Refrigerant Compressors

Warning!
The working at partial load condition is alloweccaing to the application limits reported
the chapter EA-10:Application limit'.
Particularly, the compressor can work at the mimmeapacity step only during the start
phase, the stop phase (see paragraph 3.3) ang tase for short period of time (see previ
page).
At any rate the part load operation requires sfeaitions to prevent:
v" The insufficient return of oil due to the reducgead of the gas;

by the lower refrigerant flow mass;
v" An overheating of the electrical motor that mightor whenever the tension value is ou
the given range.

Thorough and extensive testing is recommended.

n

up
DUS

v Higher temperatures on the discharge side, caugéldebcompression lower efficiency and

t of

134-XS e 134-S Series - Application and maintenafieehnical report EA-03-04-E— data subject to rficalion
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3.2 134-XS series

For the 134-XS series the capacity control is ntaimed by the new configuration L2, while in treespL1 was the
capacity control system. The difference betweerdgh@o configurations is basically the number ef¢hpacity steps.
As a matter of fact for:

v' L1 configuration: one only solenoid valve and tvepacity steps (50-100%);
v' L2 configuration: two solenoid valves and threeamiy steps (50-75-100%);

Hereinafter are described the working principlehef two different configurations.

3.2.1 L1 configuration: working principle and control circuit

With reference to Picture 3-J, the capacity is agl@d by the pistons (1) which, exploiting the igr low pressure
through just one solenoid valve (the number 20gnopr close the internal passageways (2). Thessagaways
bypass part of the fluid compressed by the rot6€84) directly to the suction side. Consequentlyd®% of the
mass flow reaches the discharge side. Bypassirigop#ite mass flow processed by the compressordbngols the

cooling capacity.
Hereinafter the 50% and 100% load capacity stepsamsidered.

O

= 533973

RefComp

T T

Picture 3-J: working principle for the capacity cortrol on 134-XS series compressors: L1 configuratign

20: solenoid valve for controlling the 50 and 100%apacity steps;
1: pistons activated by the refrigerant-oil mixtureto bypass the mass flow to the suction side;
2: passageways to bypass the refrigerant to the dian side;
HP: high pressure (discharge side);
LP: low pressure (suction side);
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v 50% CAPACITY

With reference to Picture 3-K, the solenoid val28)(is energised, making the cylindrical chamb#rat house the
pistons, communicate into the low pressure sucsioe. Due to the higher pressure in the compressiambers
(intermediate pressure between suction and diseh#ing pistons move and open the passagewaysyias$50% of
the flow to the suction side (the red arrows ingleture show the movement). This ensures operatiqart load.

g // A
q < ////// //‘
G ‘S ‘
H A /

X // /

Picture 3-K: 50% capacity control: L1 configuration;
LP: low pressure;

v 100% CAPACITY

In this case and with reference to Picture 3-L, db&enoid valve (20) is not energised and as aemprence the
cylindrical chambers communicate into the high pues discharge side. Due to the higher pressure than the
intermediate pressure in the compression chambemistons move (the red arrows show the movenodwg)ng the
passageways that bypass the fluid. The entire fibwefrigerant processed by the compressor thushesathe

discharge, meaning operation at 100% load.

|‘ [
'l :
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Picture 3-L: 100% capacity control: L1 configuration;
HP: high pressure;
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3.2.2 L2 configuration: working principle and control circuit

With reference to Picture 3-M, the working prineipbk that already described in the previous papdgr8ut now
there are two solenoid valves instead of one. Ereymarked by the numbers 20 and 21, and eaclewf tontrols a
single piston (1). So now the two pistons are imtelent and each one allows the by-pass of the 26%eo
refrigerant mass flow. Via the solenoid valveshisrt possible to assure either the 75% or the 50%eotooling
capacity.

Hereinafter are described the three possible capsteips: 50%, 75% and 100%.

O

| = 533973

(j)% (e oml| A
_'_

RefComp

=L

L]

Picture 3-M: working principle for the capacity control on 134-XS series compressors: L2 configuratign

20, 21: solenoid valves for controlling the 50, 7&1d 100% capacity steps;
1: pistons activated by the refrigerant-oil mixtureto bypass the mass flow to the suction side;
2: passageways to bypass the refrigerant to the dign side;
HP: high pressure discharge;
LP: low pressure suction;

134-XS e 134-S Series - Application and maintenaheehnical report EA-03-04-E— data subject to rficdion
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v 50% CAPACITY

With reference to Picture 3-N, both the solenoitves (20) and (21) are energised, making the cyittatlchambers
that house the pistons communicate into the lowgue suction side. The pistons, then, due toitifeehpressure in
the compression chamber (intermediate pressureebaetwsuction and discharge) move (the red arrowss she
movement), opening both the passageways that byissof the flow to the suction side. This enswpsration at
50% part load.

\\\I I'I||’

—
I\\\I I'|||’
\||

Picture 3-N: 50% capacity control: L2 configuration;
LP: low pressure;

v 75% CAPACITY

By looking at Picture 3-O, the solenoid valve (2&mains energised so that the related lower pisfmens the
passageway for the by-pass of the 25% of the ftothé suction side. The solenoid valve (20) insisatk-energised
and its related upper piston closes the other Isg-passageway (the red arrows show the movemehe giistons).
That way only one piston assures the mass flowdsg@and consequently the discharge mass flow isdf3be total
one.

Picture 3-O: 75% capacity control: L2 configuration;
LP: low pressure;
HP: high pressure;

134-XS e 134-S Series - Application and maintenafieehnical report EA-03-04-E— data subject to rficalion
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v 100% CAPACITY

With reference to Picture 3-P, both the solenoitves& (20) and (21) are not energised and as a qoaeee the
cylindrical chambers communicate into the high gues discharge side. Due to the higher pressure than the
intermediate pressure in the compression chamiepistons move (the red arrows show the movenstoding both
the passageways that bypass the fluid. The entive df refrigerant processed by the compressor tkashes the
discharge, meaning operation at 100% load.

P\

Picture 3-P: 100% capacity control: L2 configuration;
HP: high pressure;
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3.2.3 Control sequence: step configuration

The flow of the oil is controlled by the solenoidlves (20) and (21) which are located on the tofhefcompressor
casing, see Picture 3-Q. In Table 3-C is shown two@nergise the solenoid valves.

L1 Configuration L2 Configuration

solenoid valve 20

solenoid valve 21

Picture 3-Q: position of the solenoid valves (20)na (21) for capacity control in the series 134-XSanpressors;

Solenoid valve| Solenoid valves
20 20 21
100% OFF OFF OFF
75% - OFF ON
50% ON ON ON

OFF = solenoid not energised;
ON = solenoid energised;

Table 3-C: operating logic of the solenoid valvef step capacity control;

134-XS e 134-S Series - Application and maintenafieehnical report EA-03-04-E— data subject to rficalion
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3.3 Procedure for starting and stopping the compressor

To limit the peak current when starting, the elecimotors are started in the part-winding configiors or
alternatively with the windings connected in tharstonfiguration (see chapter EA-OEléctrical deviceg: This,
however, means also a drop in the starting torgnd,as a result the resisting torque needs tocdeed in order to
start the compressor without excessively overlaadire electric motor. For this purpose, Refcompm@amends to
start the compressors at the minimum capacity sepPicture 3-R.
As regards the models of the series 134-S, digtimcheeds to be made between the step and theesdepl
configuration.
= In theconfiguration with 4 stepsthe slide valve automatically returns to the posibf minimum capacity
after the compressor stops. In fact due to thespresdifference the oil can flow out of the cylinde the
crankcase though the pipe marked by numbers 3 gfiticture 3-A).
= In theinfinite configuration, on the other hand, this pipe is closed by thersnd valve (16), which is
normally closed. Consequently, unless the solemalde (14) is energised before stopping, the ailncd
flow out of the cylinder and as a result the corspoe is not discharged.
For this reason, so as to stop and re-start thep@ssor at the minimum capacity step, see PictiRe i8
must be energised the valve for minimum capacity doound 25 seconds before switching off the
compressor. Moreover the valve (14) should be &aptgised during the compressor standstill periods.

The starting and stopping procedure indicated atuRe 3-R has to be followed for all the screw cogspors, both in
the step and in the stepless version, as this avaity stopping caused by temporary reverse ootatith high mass
flow (see chapter EA-04Components).

Warning!

If having to shutdown in an emergency, the compmnessll stop at the current capacity step] In
the stepless configuration then, before restattiegunit, make sure that the compressor is at the
minimum capacity step.

50-100%)
capacity
start stop

Lowest
capacity
(Lowest

step) starting Shut

down

25 sec >3 min 25 sec i
‘ ' ‘ ' ‘ ' time

Picture 3-R: starting and stopping the compressor;

As regards the series 134-XS compressors, on be band, not having the slide valve and consetueat having
to wait for the oil to be discharged from the cohtylinder to return to in the minimum load positj simply start the
compressor with both the solenoid valves 20 andrigtgised for around 25 sec.

134-XS e 134-S Series - Application and maintenafieehnical report EA-03-04-E— data subject to rficaliion
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3.4 Operating limits at part load

Operation at part load increases the dischargeamatye (it is recommended not to exceed 110° @)has a slightly
lower efficiency than at full load.

In particular, the discharge temperature increédises

e The condensing pressure increases;

* The evaporation pressure decreases;

« The temperature of the suction gas (superheagases.

To define the operating limits at part load, seaptér EA-10: Application rangé.

3.5 Managing the stepless partial load

The stepless capacity control system is suggeshemh it's necessary to perform an high accuracy anaging the
generated cooling capacity, whereas it proves todbeso efficient in such as cases where the meitihe system is
too high. In these cases the step capacity coistrobre suitable.

Control range

Inlet -
signal

Statipnary working condition

Cooling L _T_ L A1  decrease \

capacity increase | | l_ _________
| I valve 16
| N valve 14 and 15
T1
ON 1 T1
T0 TO
OFF

Picture 3-S: infinite capacity control logic;

With reference to Picture 3-S, the capacity detideny the compressor is controlled by using a cbulevice that, in
response to a variation in the load required byubers, opens the solenoid valves (14), (15) ab)l déscribed
above. In particular, these valves are energisedutse signals and, as regards the control dewigetisignal, the
parameter chosen should be sensitive to the vamiati the load required by the users. For instaheesuction
pressure or evaporator air or water temperaturédearsed.

134-XS e 134-S Series - Application and maintenafieehnical report EA-03-04-E— data subject to rficalion
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Picture 3-S shows the series of impulses that &eethe valves (14), (15) and (16) and used to taitie@pdelivered
mass to the required cooling capacity. You can ti@ewhen the value of the input variable doesmate outside of
the range of control (differential), the systemsloet react and the compressor operates in staficnaditions.

The solenoid valves should be energised using lmeftilses (T1= 0.5-1 sec). Usually, the energigpegiod of
solenoid valve (16) can be shorter than the enargiseriod of solenoid valves (14 or 15). The seé impulses
continues until the value of the control variat#éurns within the range of control (differential).

The time interval between two impulses (TO) mustskeé to optimize the control, according to the tiaeof the
system.

Refcomp at any rate suggests:
v/ not to operate with a capacity below 50% for longgm around 5 minutes, so as to avoid
excessive overheating of the electric motor;

v' not to switch rapidly from full load conditions toinimum load, but rather to remain for a
minimum time of 3 minutes at 50%. Otherwise liquicy enter the compressor cauding
damage;

v if there is a continuous variation in the capacifythe compressor, even if there are [not
appreciable variations in the load required byukers, check and if necessary adjust| the

timers on the control device.
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