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2,10 OIL TYPES TO BE USED

Table 2.1 contains the oil types which are released for
GRASSOSCREW compressors.

Some of the oil types listed in this table are marketed under
other names. These oils can aiso be used, provided their
identity can be proved beyond any doubt.

The use of other oils, not named in this table is permitted
only after approval by the compressor manufacturer.

For most applications an oil type, having a kinematic vicos-
ity at 40 "C of 68 cSt for NHz and 68 to 150 ¢St for R22, will
do.

IMPORTANT

Used or filtered oil should never be added to a refrigeration
screw compressor under any circumstances. Use only new
oil from an oil manufacturer (any of the major oif companies
or their approved dealers).

TABEL 2.1 OIL TYPES TO BE USED

The oil must be changed every three months or 2000 hours
unless their quality is guaranteed by a qualified oil labora-
tory. Maximum time six months. See paragraph 6.6 for fur-
ther details of oil analysis.

Should you have other types of compressors in your sys-
tem, it is recommended that you investigate changing their
oil grade to that of the screw compressor. The screw com-
pressor oil is usually satisfactory in other types of com-
pressors, but the compressor manufacturer must be
consulted for approval. This will minimize any possibility of
the incorrect grade being added to the screw compressor.

Grasso Products assumes no responsibility for the quality.
performance, availability or viscosity of the products in table
2.1 below.

BRAND VISCOSITY AT
OR TYPE 40°C 50 °C
SUPPLIER cSt mPa ‘Engler
BP * Energol LPT 68 68 36 5.5
ESSO * Zerice 68 63 34 50
KUWAIT Stravinsky 55 29 44
MOBILOIL Gargoyle Arcti 300 55 30 46
SHELL * Clavus Oil 68 68 35 54
SUN-OIL Suniso 4 GS 54 29 4.4
TEXACO * Capella D WF 68 64 35 5.4

Oil types marked with an asterisk (7) have a viscosity grade number designation according to ISO-

Standard 3448.

92.01 Compressor Package GSLP
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1. INTRODUCTION Eﬂﬂﬁﬁﬁ

IR TRUCTION MANUAL MANLE L DYWL THUCTION

READ THE INSTRUCTION MANUAL CAREFULLY PRIOR TO INSTALLATION AND COMMISSIONING OF THE GRASSO-
SCREW REFRIGERATING COMPRESSOR PACKAGE

This instruction manual is intended as a guide for the installation contractor as well as for trained personnel of the end
user In charge of the operation and maintenance of the refrigeration plant

In addition to data conceming construction and operation of the standard compressor and compressor package, the
manual contains installation, operating, inspection, maintenance and service instructions, which should be followed in
order to ensure satistactory operation of the package over many years to come

ltis strongly recommended to read the instruction manual carefully so as to become tamiliar with design and operation of
the package prior to looking up particutar information.

However in individual cases the design and the construction of the package may differ irom standard. in which event the
Instruction manual may no more be applicable at certain specific points. In such cases consuit the plant operation ma-
nual or contact the installation contractor for the actuai fiow diagram, wiring diagram and lay-out drawing of the package
1N question.

All enquines should state the type designation and serial number of the compressor as well as the reference number of
the package- These identitication numbers are stamped on metal name plates of compressor and package as shown

below.

Example of compressor name plate
(black)

fitted next to the fop name piate upon the
senacwa- 88 .01 2504 ! compressor housing

MAX. VOLLME FLOW RATE 1975

MAX PERM SPEED 4700

Example of package name plate (red)

| fittec onlo upper side beam unoerneath the
801.55.21 compressor

NH3 5 berie)

OilL CHARGE appros | st S 1 |

92.01 Compressor Package GSLP Page 1.1
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2. DESCRIPTION AND PRINCIPLE OF OPERATION
OF THE GRASSOSCREW COMPRESSOR GSL

2.1 GENERAL

- GRASSOSCREW GSL is the des:gnation for 2 series ¢f
rotary positive displacemen! compressors, mage unaer
license of the Swedish firm SRM (Svenska Rotor Mas-
kiner). These so-called “Lysholm" screw compressors,
equipped with only two main rotating parts, have been de-
veloped ana designed for general inoustnas use as a nor-
mal {HP) single-stage machine or as (LP) booster in
refngerating, freezing, air conditioning and heat pump
installations, normally operating with the refrigerants NH3
(R717) and R22

- These compressors are mainly intended for direct drive
via a flexible coupling by a three-phase, two-pole ejectric
motor; consequently at a speea approaching 3000 rpm or
3600 rpm for 50 Hz and 60 Hz supply frequency respec-
tively.

- The compressor series GSL covers a lotal number of 7
types. characterized by different rotor diameters and
lengths and having a swept volume increasing from 630
up 1o 4880 m¥/h (50 Hz direct drive). These indivioual
types are indicaled by adding direct to GSL the swept vol-
ume in m¥h, divided by 10 and rounded up or down 10 5.
In principle each type can be supplied with four different
so-called buill-in volume ratos, denoted by the figures 22,
26, 37 or 48 after the swept volume in the type designa-
tion, Indicating a bulit-in volume ratio of 2.2, 2.6, 3.7 anc
4.8 respectively.

Example: GSL 240-37

Grassoscrew J |
Large capacity series

Swept volume (divided by 10
and rounded oft)

Built-in volume ratio
(multiplied by 10)

in the case of a complete compressor package, the char-
acter “P" is added to the type designation:

Example: GSLP240-37

For a complete survey of all compressor types. tlechnicaj
data and limits of operalion. refer 1o paragrapn 2.9.

- The structure of the Grassoscrew compressor, in 1is most
simplified form, is schematically represented in figure 2.1,
where the nght hand part is a vertical cross-section and
the left hand part a vertical longitudinal section.

This figure shows that the compressor consists of two par-
allel, intermeshing helically groovea rotors (1. 2) with
equal (outer) diameter and length. supported by integral
shaft ends in one horizontal plane and enclosed on all
sides by a specially shaped (double-cylindncal) inner
housing (3) with very slight radial and axial clearance
The so-called male rotor (1). having four convex lobes
(thus tour nterivbe spaces. called flutes ar grooves). 18
driven direc! from outside (9) in the direction indicated
and drives the so-called female (2) rotor which has six
concave lobes (thus six flutes or grooves). The male rotor
lobes function as pistons that roll and siide within the fe-
male rotor flutes, thereby imparting a rotating motion with

92.01
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2/3 (=4/6) times its speed to the female rotor. In any verti-
cal cross-section both the male and female lobes have
the |atest non-symmetrical profile

One end face of the atorementioned inner housing (3) 1s
provided with a specially curved axial inlet port (5), which
communicates w:th the suction chamber (7) inside the
gastight outer hausing (4). At the opposite 'ower end of
the rclors there 1s an outlet port (6) in the inner housing,
which consists of an axial and rad:al part and communi-
cates with the discharge chamber (8) inside the outer
housing.

2.2 PRINCIPLE OF OPERATION
As the Grassoscrew is a positive displacement compressor,
the following three successive phases can be distinguished:

- Suction phase
A oair o} male lobe and female flute unmesh on the iniet
port side and suction gas flows axially in the increasing
volume formed by the corresponding male-female groove
pair until the lobe and flute are completely unmeshed and
the groove pair is no more in communication with the inlet
port. Refer to the successive groove pair stages (posi-
tions) a. b, ¢ and d in the top picture of fig. 2.2

- Compression phase

When remeshing of the male lobe and temale flute starts
at the inlet end, the trapped gas is gradually reduced In
volume. Simultaneousty, while being compressed in this
way, the charge of gas is moved helically toward the dis-
charge end as the lobes’ and flutes’ mesh point moves
along ax:ally. Refer to the successive groove pair stages
{postticns) e , f ancd g in the bottom picture of fig. 2.2

- Discharge phase
Compression ceases, when the groove pair concermed
comes into communication with the outlet port. thus caus-
ing the discharge of the compressed refrigerant gas to
taxe place until the groove pair volume Is reduced 1o zero.
See groove paif stage (postition) h in the bottom picture of
fig. 2.2.

The compiete cycle, thus descnbed for one groove palr,
taxes place centinuously four times per revoiution of the
male rotor, resulting in a uniform, hardly pulsating overall
gas fiow through the compressor.

2.3 BUILT-IN VOLUME AND PRESSURE RATIO

Like other rotary positive displacement compressors without
suction and discharge valves, the Grassoscrew has a so-
calied built-in or fixed volume ratio.

Ttus rs the ratio of the volume ot one male-female rotor
groove pair at the moment the inner housing just seals oft
this groove pair from the suction side (= volume of begin-
ning of compression) and the volume o! the same groove
Ealr at tho yMc that it comeo into commumcation with the
outle: por: (end of compression).

For each refrigerant this “built-in volume: ratio” corresponds
to a so-called "built-in or fixed pressure ratio”. For the stand-
ard built-in volume and pressure ratios. reter to the table in
patagraph 29
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top view of fig. 2.1

bottom view of fig. 2.1
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2.4 CONSTRUCTION OF THE COMPRESSOR
(seefig. 2.3)

- The very ngid compressor casing. made of low porosity
cast iron, consists of a double wall stator (4) shut oif on
either side by an inlet and discharge housing (1 anc 8). in
which the rotor shaf run in sleeve bearings, and an out-
let housing (10) on dfiving end. The stalor as a whale s
formed by a gas tight outer shell encompassing a double
cylindrical inner housing (6) in which the rctors operate
wilh a very slight clearance. The annular space (5) be-
tween outer shell anc inner housing is connected with the
suction chamber (2) and serves as by-pass for the return
gas when the compressor operaies under part-ioad.

- The dynarnically balanced male and female rotor (7 anc
19). including their Integral shaft ends, are made of z spe-
cial hot rolled malleable steel and supporied in flange
mounied steel backed babbit sieeve bearings {3). which
take up the radial load. The axial load on both rotors is
largely compensated by one oil pressurized balance pis-
ton (15), rotating with the male rotor shaft and situated on
suction side In line with this shaft. The remaining axial
torce is taken up by two angular contact ball bearings {3)
mounted on each of the rotor shafts on discharge side
These ball bearings also serve for accurate axia! pas;tion-
ing of the rotors inside their double cylindrical housing.
The journals and the seal area of the rotor shafts are
chromeplated for longer life

- The rotor shaft passage to the outside s provided with an
oll tlooded, carbon face rotary shaft sea! (36) Refer aiso
to paragraph 2.5.

- A slide vaive capacity control system provides efficient,
surge-free, infinitely variable modulation from 100% down
to 10%. The system uses a mechanically positioned pilot
valve (23) to control oil flow 1o and from the hydraulic cy-
linder (26) which moves the slide valve (28). Refer also to
paragraph 2.6.

The suction connection (33) s locateo on top of the st3-
tor. The discharge conneclion (20) is provided in the front
of the outle!l housing (10) on the driving end of the com-
pressor casing.

- Exceptin the rotor grooves at the end of compression and
tn the discharge chamber (21) communicating with the
outletporiin the inner housing and the gischarge conr.ec-
tion, suction pressure prevails in the entire compressor
casing.

- All compressor types, In stancard version, are equipped
with two so-called “economizer” conneclions. One of
them. the main connection (34). is located near the top on
the discharge housing (8). The cther additional connec-
tion (35) 1s situated on the other side ot the same housing
on rotor shaft level. For NHz only the main connection is
used; for R22 both conneclions are used simultaneousiy
and in parallel
When no economizer systern is applied, both connections
are plugged off.

92.01 Compressor Package GSLP
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2.5 ROTARY SHAFT SEAL
(see figure 2.4)

To pass the male rotor shaft gastight to the outside, the
compressor is provided with a conventional type oi rotary
shaft seal, the design of which, however, has been adapted
to the special conditions of high speed and high pressure
difference. The paris of this seal are retained n a sha't seal
housing (5) mounted inside the outiet housing (6).

The sealing between rotating and stationary parts is ef-
tected on the slide face between a carbon slip ring (10) ro-
taling with the rotor shaft and a stationary couriter-shp
surface, being an integral part of the shaft seal cover (9)
and made of a spec:al iron alloy. The sliding surfaces of
both slip rng and seal cover are polished to extreme finish

anao iapped.

The slip ring can slice axially over the rotor shaft and is
pressea onto the counter-slip surface by means of coil
springs (15). It is carried by a spring holder as a part of the
shaft seal cage (4). which itself is secured on a drive disc
(16) by a drive pin (2). The whole assembly rotates together
with the rotor shafl due 1o a securing pin {17) that connects
the drive disc and the thrust ball bearing lock nut (1). To en-
sure the sealing between slip ring and roter shaft a second-
ary seal (12) is provided.

The shaft seal housing (5) Is secured against rotauon by 3
lock pin (13) fitted into a recess of the shaft seal cover

To remove the friclional heat developed by the slip faces,
the entire shaft seal is incorporated in the lubricating oll cir-
cuit via the ail supply port (7) and the oil overllow hole (3).

2.6 CAPACITY CONTROL SYSTEM

- The capacity control of the Grassoscrew GSL, 1.e. reduc-
lion of the suction volume at constant speed, ts achieved
by causing the beginning of compression to take place
later. As shown schematically in figure 2.5 this is realisea
vy allowing each rotor groove pair, after it has been
sealed off from the inlet port. to remain in communicalion
with the suction chamber (16) for some length of time via
a return por1 (8) In the lower cylindrical part of the rotor
housing. Consequently, the suction gas trapped in the
rotor grooves is partially bypassed to the suction cham-
ver. The return port, of whicn the size s infinitely variable
belween zero and a maximum value (corresponding fo full
load operation and minimum capacity respectively) Is cre-
aled by aspecially shaped slide valve (17), which forms
an integral part of the bottom of the rotor housing and can
e moved in either direction parallel to the axis of the ro-
tors by means of a rod (5) In this way almost loss-free
anc stepless capacity control is obtained, having a practi-
cal rango of from approx. 10 to 100 %.

- The slide valve rod (5) 1s connected to a single acting pis-
ton (4) In & cylindetr {8) whicn uses hydraulic force (oil
pressure) to unload the compressor. Because of the gas
pressure difference across the slide valve (suction press-
ure on one side and discharge pressure on the other)
there Is a large force 1o the left tending ‘o close the slide
valve or to load the compressor. By admitting high press-
ure oil into the autboard chamber (2) behind the piston, or

Page 23
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1. beating cover Inlet end
2. suctlon chamber
3, aleeve bearing
4, stator (rotors and
slide valve housing
5. annular suctlon an
by-pass space
8. double cylindrical
Inner housing
7. male rotor
8. bearing cover outiet end
9. angular contact
ball bearing
10. outlet cover
11. shaft seal housing
12. connection for oll supply
to shaft seal
13. shalt seal cover
14. cover of balance
plston chamber
15. balance piston of
male rotor
16. connection for oil supply
to balance piston
17. oil Injection connection
to female rotor
18. oil Injection conneclion
to male rotor
18. temale rator

&

20. discharge (outlet) connection
21, diacharge chamber
22, electric slide valve actuator
23. capaclty control pilot valve
24, ball nut and ball
screw assembly
25, capacity control piston
26. hydraulic cylinder
of capaclty contro!
27. capacity control
slide valve rod
28, capacity control
slide valve
29. connection for oil supply
to capaclly control slide
valve lubrication
30. slide valve supporting guide
31, high pressure oll supply pipe
32. connection for oil supply
to capaclly control slide
valve positioning
33. suctlon (inlet) connection
34. main economlzer connection
35, additional economizer
connection
36. rotary shatt seal
37. connection for oil supply
to (le)male inlet bearings
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FIG. 2.4 ROTARY SHAFT SEAL
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}

by draining oil from this chamber, the slide valve can be
moved 1o any desired position between full-load and mini-

mum capacity.
A pilot vaive I1s used to control the oil flow towards and

from the outboard chamoer. This valve consists of a verti-
cal disc (11) with a horizontai pin (3), which fits in a hon-

zontal bore in the piston.

As the pilot valve is moved forward in the untoading direc-
tion the oil supply port A (radial channel in piston) is
opened by a recess in the pin which allows the oil, sup-
plied via the telescope pipe (18) and tne hollow slide
valve rod (5), to enter the outboard chamber and tc push

9

8 FULL MOVEMENT
SUCTION \ J /- OF SLIDE VALVE 3. Piio! valve pin

NI/

S 1 3 77

1. Regulanng shadr
2.0utpoara chamber of hydraulic cylinder

4 P:stonwith chasnes § piloivave bore
5. Side vave roc
6. Hyaraulic cynncer

/’\ 7 Inboard chwTper of hydraulic cylinder
8. Re'urn pon

9. Compressor co0rs

%\ 10. Rening shouicer boll

11, Pilot vaive disc
ISCHAR 12. Ball nut

/’\‘ 13. Ball screw
= 2 | \ 14, Channei beween i5004ra chamber
Yy and sucuon chamoer

18 Com.pressor housing

ACTUATOR i l 5 : j

16 Suction chamber
17 Sl.ce vave
18 High presswe ol suodly DiDe

'
R . %N »
ATANVEINNUNVN NNV
LOAD s / / \ \
UNLOAD ==} 14 15 6 17 8

FIG. 2.5 SCHEMATIC DRAWING OF CAPACITY CONTROL SYSTEM

92.01 Compressor Package GSLP

Page 2.5


Patrick van Zwam


Patrick van Zwam
www.GTEX.nl

Patrick van Zwam


Patrick van Zwam
www.GTEX.nl

Patrick van Zwam


Patrick van Zwam



I | | JW\L“‘”\

. outlire of electric slide valve acluator
. bali screw seat holder

. pilot valve disc

. pilot valve pin (spool vaive)

. ball screw

. shkde vaive rod

. hydraulic cylinder

N (ul

L i,

ALY

N NN W

. channel between inboard chamber and
suction chamber

e Y

9. stator

— - b [LLET! N T Tty
7 xiﬂ\-'-ﬂ Iy !‘HL-\‘\.L\H.\'M

—_ — —— 10.sucuon housing
11. slide vaive piston

12. ball nut

13. refaining shoulder bolt

14. reguiating shaft

ie 12 12 1

FIG. 2.6 HYDRAULIC CYLINDER WITH PISTON AND PILOT VALVE

the piston-rod-siide valve assembly in the unloaded posi-
tion.

As the pilot valve is moved backward (to the left), the
drain port B (another radial piston channel) is opened
which allows the oil to drain from behind the piston into
the inboard chamber (7) of the hydraulic cylinder and the
gas force to push the piston-rod siide valve assembly to
the loaded position. The oil drain mentioned is possible,
because the inboard chamber is not filled with oil but com-
municates via a channel (14) with the compressor suction
chamber (16).

- Since the piston-rod-slide valve assembly follows the pilot
valve exactly, the refrigerating capacity can be regulated
by just positioning the pilot valve. Adjusting of the pilot
valve from the outside of the compressor takes place via
a very simple and reliable mechanism, consisting of a ball
nut (12, connected to the disc 11) and ball screw (13) as-
sembly, which is rotated by a small electric motor in a so-
called slide valve actuator mounted on the outside of the
hydraulic cylinder and coupled to the regulating shaft (1).

For a detailed description of this so-called “Electric slide
Valve Actuator” (EVA), refer to paragraph 3.4.

IMPORTANT!

When starting the compressor, the slide valve and thus the
EVA-indicator should always be in “minimum capacity” posi-
tion.

- For the actual design of this so-called internal by-pass
control system, refer 1o fig. 2.3, pos. 23 to 32, and to fig.
2.6, which shows a longitudinal drawing of only the hy-
draulic cylinder.

- To prevent the slide valve from touching the rotors by ro-

tating around its axial axis or by being lifted out of its bore
(by oil pressure), a guiding device (30 in fig. 2.3) is pro-
vided on the discharge end of the vaive, mounted just out-
side the stator on its end face. Refer to fig. 2.7 for design
details of this device, which basically consists of a horse-
shoe shaped guide support and two adjustable guide
shoes resting on each upper side of the slide valve.

2

1. female rotor
2. guide shoe

3. adusung boli
4, guide support
5. cap screw

6. skde valve

7. srator

FIG. 2.7 SLIDE VALVE GUIDING DEVICE
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2.7 OIL SUPPLY FOR INJECTION AND LUBRICATION

It 1s extremely important that the intermeshing male and
female rotor lobes effectively seal off each other mutually
without giving rise to wear. Moreover, the inevitable gap
along the rotor circumference between the successive
grooves must be thoroughly sealed off as well. To achieve
this, a sufficient quantity of oll is injected into the com-
pressor and mixed with the refrigerant as the rotors turn in
compressing the gas. This oll has a multipie function. lis
main functions are lubrication and the internal sealing
referred to. In addition. the oil 1akes care of intensive cool-
ing dunng compression and has a silencing effect.
Furthermore, oil has to be supplied for all olher compressor
lubncating purposes and for the operation of the capacity
control system

As represented schematically in fig. 2.8, twc separate, paral-
lel oil supply flows o the compressor can be distinguishea,
viz.:

- An oll flow under (refrigerant) discharge pressure for
direct injection Int0 the rotor grooves (X14 and X15) anc
tor supply to the balance piston (X8)

The oil injection, separately for male and female rotor,
takes place via a fixed opening In the bottom of each
cylindrical part of the inner rotor housing. The openings
are situated in such a way as 1o cover each male and
female rotor groove pair for a short penod of ime just
before compression commences, consequently immedt-
ately after the groove pair has been sealed off from the
inlet. Therefore, the existing installation pressure dit-
ference(= discharge or condensing pressure minus suc-
tion or evaporating pressure) is sufficient to inject the
required oil quantity *.

- An oll tlow under pump pressure (= discharge pressure +
3 bar) for the capacity control slide valve positioning (X10)
and lubncation (X11), for supply tc the shaft seal (X9) and
for bearing lubncation (X6, X12 and X13).

The oil pump mentioned is the electrically driven gear
pump as described furtheron in paragraphes 3.1 and 3.2

For the exact location of all the compressor oil connections,
refer to paragraph 2.8.

* In the case that the installation pressure difference is less
than 1.5 bar, there 1s no guarantee any more for sufficient
oil injection into the rotor grooves.

Therefore, apart from the pressure supply to the balance
piston of the male rotor, all of the oil supply lo the
compressor has then to be covered by a pump at a
pressure of 3 bar above (refrigerant) discharge pressure.
This full-flow pump is a continuously operating. electrically
driven gear pump, and mounted in the main oil supply line
from the oil separator to the oil cooler.

As aresult there are two different compressor package oil
syslems. which are descrbsidt in datail in enapter 3 2

9201 Compressor Package GSLP
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X-indications correspond with connections
as per figure on page 2.9
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XB oilto sleeve bearings intet end
X8 oil to balance piston
X9 ail to shaft seal
%10 oif to shde valve paosttioning
X11 oil to slide valve lubrnicatior:
X12 oil to male outlet sleeve bearing
X13 oil to female outlel sleeve bearing
X14 oil injection male rotor
X15 oil infectiun iemale rotor
X 17 oil to male outlet roiler bearing
X18 oil to female outlet roller bearing

FIG. 2.8 OIL SUPPLY FOR INJECTION AND LUBRICATION J
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2.8 REVIEW OF COMPRESSOR CONNECTIONS

EVA

SUCTION

compressor type GSL 65

X1s

SUCTION

compressor types
GSL 85125

EVA

X1DISCHARGE TEMPERATURE

X2 DISCHARGE PRESSURE

X3 SUCTION PRESSURE

X4 ECONOMIZER MAIN CONNECTION

XS ECONOMIZER ADDITIONAL CONNECTION
X6 OIL TO (FE)MALE INLET BEARINGS

X7 STATOR DRAIN

X8 OIL TO MALE BAL:ANCE PISTON

X9 OlL TO SHAFT SEAL

P = NORMALLY PLUGGED

compressor types GSL 85 to 240

X13 xX12

X14
X1s

X11

X1s X4 X10

compressor types
GSL 165/180/240

X10 OIL TO CAPACITY CONTROL SLIDE VALVE POSITIONING
X11 OIL TO CAPACITY CONTROL SLIDE VALVE LUBRICATION
X12 OIlL TO MALE OUTLET SLEEVE BEARING

X13 OIL TOFEMALE OUTLET SLEEVE BEARING

X14 OIL INJECTION MALE ROTOR

X150IL INJECTION FEMALE ROTOR

X16 UIL LEAKAGE DRAIN OF ROTARY SHAF 1 SEAL

X17 OIL TOMALE OUTLET ROLLER BEARING

X18 OIL TO FEMALE OUTLET ROLLER BEARING

92.01 Compressor Package GSLP Page 2.9
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2.9 TECHNICAL DATA AND LIMITS OF OPERATION

COMPRESSORTYPE GSLe5 | GSL85 | GSL125 | GSL165 | GSL180 | GSL240 | GSL480
Built-in number in type designation 22/26/37/48
volume ratio |numerical value ( -) 221261371438
NH3 28/34/54/76
Built-in pressure ratio ( - )
R22 2.6/3.114.8/66
Outer male and female rotor diameter (mm) 163 204 204 255 255 255 408
Rotor length/diameter ratio ( - ) 1.70 1.15 1.70 1.15 1.25 1.70 1.70
Theoretcal displaced volume ("swept volume®) at 2950 rpm (m3/h) 627 829 1240 1638 1781 2408 4876
Mass of bare compressor (kg) 445 703 794 1247 1270 1370 3900
Direction of romtion Clockwise, when facing dnven end
Range of stepless capacity control 10 - 100%
normal 2950 1450
Male rotor speed (rpm)
max. 3600 1450
min. -0.6
Suction pressure (bar eff.) NHz 8.0/6.2/135/22
max.
R22 87/69/42/28 E
NHz 50 I
min. 1]
R22 -58.5 k=
Evaporating temperature ("C) o
NHs 4215/ +148/:1.7/-71 S
max. o
R22 +22.4/+152/+14/-79 3
et
Actual suction temperature (C) min. -51 g
eb—
Discharge pressure (bar eff.) max. 24.0 E
— ©
NHs +58 £
Condensing temperature (*C) max. -—5
R22 +61 ?
c
Discharge temperature ("C) max. +93 g
Pressure ratio ( - ) max. 18 (arbitrary)
min. 7t
Pressure ditference (bar)
max. 20
min. +37
Oil temperature at compressor inlet ("C)
max. +65

* Swept volume for type GSL 480 is based on 1450 rpm, which is the practical max. speed for this type.

** This minimum value is valid only for compressor packages with oil injection into the rotor grooves by pressure difierence.

Mind! The figures, mentioned in the table above apply only to the compressor GSL itself. The operation limitations related to
the packages should take precedence of the design limitations of the compressor. For settings of pressure and tempe-
ratures safoty devices refer to paragraph 4.14.

Page 2.10
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3. DESCRIPTION AND OPERATION OF THE

COMPRESSOR PACKAGE

3.1 PRINCIPLE OF OPERATION OF THE COMPRESSOR
PACKAGE

Since correct operation of the compressor largely depends
on the injection of sufficient oil quantities, the functional
method of operation of the package can be divided into two
separate systems: the (refrigerant) gas system and the oil
system. Refer to the basic flow diagrams in figure 3.1.

The (refrigerant) gas system

The gas drawn from the evaporator enters the compressor
package via an inlet device consisting of a suction stop
valve, a suction check valve and a suction gas strainer
which is mounted on top of the compressor.

After compression, the mixture of discharge gas and in-
jected ail is fed into an oil separator, in which the oil is
separated from the gas and collected. From the oil separ-
ator the discharge gas leaves the compressor package to
the condenser via a discharge check vaive and a discharge
stop valve. The separated oil continuates its way to an oil
caooler in preparation for re-injection.

The discharge check valve prevents high pressure gas or
liquid from the condenser from entering the oil separator
during shut-down. The suction check valve prevents high
pressure gas from escaping from the oil separator via the
compressor to the evaporator, thus reducing back-spin of
the compressor after stopping. However, the latter phe-
nomenon may nevertheless occur, depending on the gas
volume present between check valve and compressor inlet.
In that case a by-pass line, provided with a normally closed
by-pass valve, will be fitted between the compressor suction
line and the oil separator (not indicated in fig. 3.1). This by-
pass valve opens as soon as the package is stopped, so
that high pressure gas can flow to the suction side in order
to quickly eliminate the pressure difference across the com-
pressor.

The oil system (also refer to paragraph 2.7)

From the oil separator the oil, of which the temperature is
lower than and the pressure is equal to those of the dis-
charge gas, flows via an oil cooler and a strainer to an oil
distribution line. From there the oil is fed to the compressor
for injection into the female rotor grooves, to the balance pis-
ton and to the electrically driven lubrication oil pump. This
pump delivers, via a generously main flow oil filter, the oil
for the lubrication of shaft seal and bearings and for the Iu-
brication/positioning of the capacity control slide valve.

The excess of the oil pump capacity is returned from the oil
discharge manifold to the oil separator via an overflow relief
valve to regulate the lubricating (= pump) pressure.

The oil line for injection into the male rotor grooves is bran-
ched from the top of the oil cooler shell.

Only if the difference between condensing and evaporating
pressure (= Ap) is smaller than 1.5 bar, a full-flow (electric
motor driven) oil pump is necessary.

For this altemative 0il system, which is only applied under
certain booster conditions, refer to the bottom picture of fig-
ure 3.1.

92.01

Compressor Package GSLP
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3.2 DESIGN DETAILS OF THE COMPRESSOR PACKAGE

The detailed lay-out and flow diagram of the standard com-
pressor package is shown in figures 3.2 to 3.5, of which the
figures 3.2/3.3 and 3.4/3.5 correspond respectively with the
basic refrigerant and oil flow diagrams as described in para.
3.1. The only difference between the figures 3.2 and 3.3
and between 3.4 and 3.5 is the method of oil cooling ap-
plied.

According to these flow diagrams the following main parts
of the standard package can be distinguished:

- A standard Grassoscrew compressor GSL (1), complete
with electric drive motor (2) and flexible coupling (3) with
coupling guard (4). For a detailed description of the com-
pressor refer to Chapter 2.

- A servo-motor operated capacity control (EVA, 5)
mounted onto the hydraulic cylinder of the compressor.
Refer to para. 3.4 for detailed information.

An inlet device, consisting of a suction stop valve (27),
check valve (26) and strainer (25, filtrating rating 100
microns), incorporated in one single housing, which is
mounted on top of the compressor on the suction connec-
tion.

A small diameter bypass line (blow-down line 24) with
stop valve, fitted across this device, allows the package to
be de-pressurized by hand, if needed.

- A vertical (primary) oil separator (7), complete with a

spring-loaded pressure safety valve (8), an oil level sight
glass (9) and a 500 W heating element (10). In certain
cases a secondary oil separator (100) may have been in-
stalled on request of the installer or contractor. For a de-
scription of the oil separators refer to para. 3.3.

- A water cooled or refrigerant liquid cooled “shell and tube”
type oil cooler (18b and 18a respectively) in which the
water or refrigerant flows through the tubes and the oil
through the shell around the tubes, guided by a number of
baffles.

From the top of the oil cooler shell the oil line for degass-
ing and injection into the male rotor grooves is branched.
In case of water cooling (fig. 3.3 and 3.5) a water flow
regulating vaive (19b), controlled by the oil temperature in
the oil discharge manifold (21b) may have been provided.
In case of refrigerant liquid cooling (fig. 3.2 and 3.4) the
oil outlet line may have been provided with a three-way
regutating valve (19a, also controlled by the temperature
in the oil discharge manifold), combined with a bypass
line to the oil inlet line.

- A main flow oil filter (20) with pressure drop sensing
switch (20a). The filter consists of a cylindrica!l housing
with cover, in which a removable synthetic fibre filter (10 -
15 microns) is mounted. The pressure drop (differential
pressure) sensing switch activates a warning signal as
soon as the pressure drop across the filter element, due
tc pallution, beoomes excessive.

- A lubricating oil pressure regulator (11), mounted onto the
(primary) oil separator, and which alfows the oil to pass at
a certain pressure only, thus determining the pressure in
the lubricating system.

Page 3.1
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fo condenser from evaporator

Bl gaseous refrigerant

&l ol

1.compressor
2. electric drive motor
3. oil separator
4._demistor
5. oil cooter
6. oil strainer
7. oil flow orifice
8. oil check valve
9. oil distribution line
10a. lubrication oil pump
10b. fuli-fiow oil pump
11. oil pump safety reliaf valve
12. oil filter
13. oil discharge manifaid
14. oil pressure regulator (pilot controlled)
15. oil injection to male rotor (X14)
16. il injection 1o female rotor (X15)
17. oil to balance piston of male roor (X8)

18. oil to male and female rotor iniet bearings {X6)
Ap < 1.5 bar 19. oil to male rotor outiet bearings* (X12)
20. oii 10 female rotor outlet bearings® (X13)

21. oit 1o shatt seal (X9)

to condenser from evaporator 22, 0ii 10 cap. cont. slide valve {positioning) (X10)
23. oil 1o cap. cont. slide valve {luoncaton) (X11)

- D o

I Bl gaseous refrigerant l

ail ¥
i—X ’_X End of oil line branched into two separate
. connections on compressor for sleeve and
E 23 21 19 | 16 roller bearing respecuvely
2720 Y 13 18
S i 3 l + i X-indications placed between orackets
§ 8 : 3 correspona with connectons as per figure on
NN {1 HHE § page28
4 { H==\ :
T7% : :
2
1
- 17
e it 7.8
R <6 T H1
10b
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FIG. 3.1 BASIC REFRIGERANT AND OIL FLOW DIAGRAMS
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- Depending on the operating conditions (so, not always):
a solenoid valve controlled, servo-operated (by gas press-
ure) by-pass valve (31), mounted in a by-pass line
between oil separator and suction side of the package.
When the package is stopped, the solenoid valve is en-
ergized, causing the by-pass valve to open and the press-
ure inside the package to equalize. The minimum
pressure difference to open the valve is 0.2 bar.

- A pressure gauge and safety switch cabinet, in which
most of the measuring and safety devices (30) of the
package are installed. For more details about these and
other instruments, refer to para. 3.5 “Instruments and
safety devices".
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- The necessary stop valves (13), check valves (22) and
small sized valves (12) for isolating, charging or draining
the compressor package or parts of it.

- An economizer manifold (50, if present) fitted to the stand-
ard economizer connection(s) on the compressor housing
(see also 34 and 35 in figure 2.3). The inlet pipe of this
manifold, which is to be connected to the economizer
cooler of the plant, is provided with a stop valve, a check
valve and a strainer.

All components and the interconnecting piping are assem-
bled on a solid steel base frame (6). Figure 3.6 shows how
acomplete standard package lookes like in reality.

i)

[T =r = e =

T !e':r-

..q
w1

1. 01l separator
2. eiectric drive motor
3. oil cooler
4. oil pressure regulator
S. oil discharge manifold
6. screw compressor GSL
7. elecIrc slide vaive acluator
8. lubrication oil pump
9. main flow oil filter
10. llexuble coupling with safety guard
11. pressure gauge and safety switch cabines
12. control cabinet
13. oil level sight giass
14, heating element
18S. discharge stop valve
16. discharge check valve
17. spring-ioaded pressure safely valve

18. by-pass valve

18. inlet dewvice?

sucnon check valve
suction sirainer

20. oil szainer

21. gas pressure equalizing line

j suction stop vaive

I FIG. 3.6 COMPONENT IDENTIFICATION OF STANDARD PACKAGE GSLP
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3.3 OIL SEPARATOR(S)

Separation of the oil from the discharge gas of the com-
pressor takes place in one or two oil separators.

In cases in which it does not matter that a slight quantity of
oil enters the refrigeration system with the discharge gas,
only the primary oil separator is used. This separator is a
vertical pressure vessel of large volume, in which the gas
flow undergoes such changes in velocity and direction that
heavier drops of oil are thrown out and drip downwards.
Any smaller drops of oil are retained in a steel fibre filter ele-
ment (demistor) prior to the gas leaving the oil separator.

The separated oil is coflectec at the bottom of the separ-
ator, which also acts as oil sump of the package. For inspec-
tion of the oil level an oil level sight glass is fitted. A heating
element in the bottom part of the separator ensures that the
oil temperature is maintained at the desired level during
standstill of the package.

In refrigeration systems requiring the oil carry-over to be mi-
nimized, a secondary oil separator is installed behind the pri-
mary oil separator (see flow diagrams, fig. 3.2 to 3.5). This
secondary oil separator consists of a divided cylindrical
vessel in which a removable coalesceing element is fitted.
The separated oil, after reaching a certain level, is returned
under discharge pressure via an automatic float valve to

the male rotor oil injection line of the compressor.

3.4 ELECTRIC CAPACITY CONTROL ADJUSTING
DEVICE

GENERAL

To operate the capacity control regulating shaft of the com-
pressor (see fig. 2.6) manually (by push-buttons) or auto-
matically (by the control system of the installation), a simple
and reliable electric adjusting device, called the “Electrical
slide Valve Actuator™ (EVA) is used. This is a standard
accessory, factory-mounted on and in line with the hydraulic
cylinder of the compressor as shown in fig. 3.6.

Apart from two different position indicators (explained
further on), there is only one type and size of this device
available, suitable for all compressor types and for alil
existing built-in volume ratios.

DESCRIPTION OF STANDARD DEVICE

Fig. 3.7A represents a longitudinal section of the electric
slide valve actuator. It consists of a small reversible electric
motor (9) with brake mechanism (8) and speed reductor (4)
which drives in either direction a central output shaft (11)
and a cam post (7), all mounted inside an aluminium
housing (10), which on its turn, is bolted by means of an
intermediate bush (3) to a disc on the hydraulic cylinder of
the compressor, so that the output shaft is coupled via a

carrier pin (2) in line with the compressor regulating shaft
(1).

When the capacity control slide valve inside the compressor
has reached either its full load (max. capacity) or minimum
load (min. capacity) position, the adjusting motor is stopped
automatically by means of two micro limit switches (6),
mounted on a adjusting plate inside the housing and each
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of them activated by one of the two cams (5), fitted around
the cam post (7). The minimum capacity limit switch (that is
the second switch seen from below) has a twofold function;
it also serves to prevent the compressor-motor from being
started as long as the capacity control mechanism is not yet
in its minimum position. See also electric wiring diagram in
Paragraph 3.6.

top view of indicator

62 turns indicator

30 turns indicator
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FIG. 3.7A ELECTRIC SLIDE VALVE ACTUATOR |
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Both the min. and max. capacity limit switch may also be
used to indicate, by two signal lamps, whether the capacity
control adjusting device is either moving to min. or max.
capacity (one of the signal lamps on) or is s1anding stil
(both lamps off).
The free end cf the cam post is provided with an indicator -
pointer (13) on a scale (12) -, visible from the outside
through a sight glass in the end face of the housing and indi-
cating the number of revolutions completed by the output
shaft (and thus by the regutating shafi cf the compressor)
from the minimum load position of the slide valve inside the
compressor, corresponding with the zero position of the
pointer. When the siide valve s at its maximum lcad {fully
closed end stop) position, the pointer has not necessarnly
reached the end of the scale but 1s somewhere in-between,
depending on compressor type and built-in volume ratio.
The reason is, that there are only two standard position indi
~ators avalable with a scale ranging from O to 30 (printea
mbers G, 10, 20 and 30) and from O (o €62 (prinied num-
bers 0, 15, 30, 45 and 62) revolutions respectively

92.01
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Refer 10 the graph in figure 3.7B which represents the rela-
tion between the various scale readings tn revolutions, the li-
near displacement (position) of the slide valve and the
corresponding refrigerating capacity, both expressed in per
centage of full-load.

Fcr examole: A compressor model GSL240 with built-in vol-
ume raitc ot 3.7 only needs 38 of the 62 revolutions avail-
able on the indicator to move from minimum to maximum
capacity. So according to figure 3.7B, at 50% slide valve po-
silion (=48% capactty) the indicator pointer will show about
19 and not 31 = 50% of 62.

OPTIONAL COMPONENTS (refer to figure 3.8A, overieaf)

The standard electric slide valve actuator may have been
completed with the following optional supplemenis:

- Up 1o three extra micro swiiches with corresponding ad-
justable cams, fitted on top of the standard limit switches
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FIG. 3.8B INTERNAL WIRING DIAGRAM

OF SLIDE VALVE ACTUATOR

and cams respectively. These micro switch and cam com-

binations can be used for any switch purpose in the instal-

lation in dependence on the actual (part-load) capacity of
the compressor in question.

- Only one extra micro switch in combination with a poten-
tiometer (see fig. 3.8A). The potentiometer is used for
remote electric indication (analog ordigitaf read-out) of
the position of any part of the capacity control mechanism
or the corresponding actual refrigerating capacity. It is
mounted on the free end of the cam post instead of the
pointer pius scale.

So. in this case the standard “mechanical” indicator is not
available any more.

ELECTRIC WIRING

Inside the housing (10) in fig. 3.7A a terminal strip is fitted,
which is factory wired to the standard limit switches and ad-
justing motor. Fig. 3.8B shows this terminal strip and the in-
ternal electric wiring diagram. In principle all external wiring
remains to be carried out by the installer in the field. Only in
case the package is provided with a control cabinet all the
electric wiring has been done by the manufacturer accord-
ing to the wiring diagram in Paragraph 3.6.

3.5INSTRUMENTS AND SAFETY DEVICES

The standard compressor package is equipped with a num-
ber of instruments and safety devices as shown in the flow
diagrams of figures 3.2 to 3.5. Their purpose is to check the
correct operation of the package according to the system
design conditions and to protect the compressor and pack-
age against malfunctioning or even breakdown if some-
where abnormal operating conditions arise.
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The following measuring devices are installed:

- Three pressure gauges for suction pressure (30c), dis-
charge pressure (30b) and lubricating (= pump) oil press-
ure (30d) respectively. These pressure gauges are
grouped together behind a window inside a closed
cabinet situated on the package front side. If the package
is equipped with an economizer manifold (50), the cabinet
contains an additional pressure gauge (30a).

- Three digital read-outs (30I, 30j & 30K) to indicate the ac-
tual (superheated) suction temperature, the discharge
temperature and the oil temperature downstream the oil
cooler respectively. If the package is equipped with an
economizer manifold (50), an additional digital; read-out
(30m) is provided to indicate the actual injection gas tem-
perature.

The oil and discharge temperature digital read-out form
part of the max. oil and max. discharge temperature
safety switch respectively. See also further on under
safety devices.

The suction and injection temperature read-out are separ-
ate devices with their own sensing elements fitted via a
sealed connector inside the relevant lines.

- A digital read-out (30n) to indicate the actual (pari-load)
capacity in percentage of the full-load capacity.

- An oil level sight glass (9) on the oil separator to check
whether the proper amount of oil is available inside the
separator.

The following safety devices are installed:

- An electronic “max. discharge temperature” safety switch
(30j) which can be set at values between 0 and 100 "C.
This safety switch incorporaies a digital read-out to indi-
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cate the actual discharge temperature; by pressing a but-
ton on the front side of the read-out the set value of the
safety switch will be shown. The safety switch is control-
led by its temperature, sensing element fitted via a sealed
connector inside the discharge line close to the discharge
connection of the compressor. The discharge temperature
safety switch constitutes the most important protection of
the compressor, because deviations from the normal oper-
ating conditions (such as shortage of ail, too high an oil
temperature, too high a pressure ratio, excessive super-
heating of the suction gas) are always leading immedi-
ately to a considerable rise of the discharge temperature.

- An electronic “maximum oil temperature” safety switch
{30k) which guards the temperature of the oil leaving the
oil cooler and can be set to a value between 0 and 65 "C.
This safety switch also incorporates a digital read-out to
indicate the actual oil temperature; by pressing a button
on the front side of the read-out the set value of the safety
switch will be shown.

The temperature sensing element is fitted via a sealed
connector inside the oil discharge manifold.

- A “max. discharge pressure® safety switch (30e) which
protects the package and plant against a discharge press-
ure beyond the design conditions or operating fimits.

- A “min. suction pressure” safety switch (30f) which pro-
tects the package and plant against suction pressure
below the design conditions or operating limits.

- A “max. suction pressure” safety switch (30i) which pro-
tects the compressor against excessive internal groove
end pressure due to a high suction pressure in combina-
tion with the built-in pressure ratio of the compressor. It
also keeps the compressor capacity control in the “min.
capacity™-position during starting of the package in a sys-
tem with high pressure on the suction side.

- A “min. discharge/oil differential pressure” safety switch
(30h) which protects the compressor against running with
insufficient lubricating oil supply to bearings, capacity con-
trol slide valve and shaft seal.

- A second "min. discharge/oil differential pressure” safety
switch (30g) which prevents the compressor drive motor
from being started unti! sufficient lubricating oil pressure
has been built up by the lubrication (16ain fig. 3.2 and
3.3) or full-flow (16bin fig. 3.4 and 3.5) oil pump. So, this
safety switch is only of importance during starting of the
package.

- A spring-loaded pressure safety valve (8) on the oil separ-
ator, which protects the package under any circumstan-
ces against excessive pressure built-up. The valve is
factory-adjusted at 21.5 bar(e) and sealed.

- A pressure drop sensing switch (20a) fitted on the main
flow oll filter, to provide for a visible and/or an audible
warning signal when the filter is clogging (pressure dif-
ference has reached 1 bar).

All safety devices, with the exception of the spring-loaded
pressure safety valve and the pressure drop sensing switch,
are mounted inside a closed cabinet on the package front
side as per fig. 3.9, which also contains all pressure
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gauges. In case a control cabinet has been delivered with
the package as well, the temperature safety switches, all
temperature measuring devices and capacity indicator are
located inside this control cabinet.

The safety switches are to be incorporated in the control cur-
rent circuit of the package in such a way that the compres-
sor stops as soon as one of the switches is actuated due to
an unsafe condition (refer also to the next paragraph 3.6).

3.6 OPERATION OF THE STANDARD CONTROL
CURRENT CIRCUIT.

General

As the trouble-free operation of the compressor depends in
particular on the injection of the correct quantity of oil into
the rotor grooves and an adequate lubricating oil pressure
for the bearings, slide valve and shaft seal, the operational
sequence of the safety switches in the control current wiring
diagram is such, that the compressor can start and remain
in operation only, when the oil system works properly.
Therefore sufficient lubricating oit pressure should have
been buiit-up before the compressor can be started.

To ensure easy starting of the electric drive motor during
compressor start-up, the capacity control slide valve must
be in its “minimum”-position and the by-pass valve between
suction and discharge (if present) should be open.

When the package is at standstill, the heating element in
the oil separator should be operating; its task is to keep the
viscosity of the oil low enough and to prevent, as much as
possible, the refrigerant from dissolving in the oil.

The foregoing conditions are met by the control current wir-
ing diagram shown in fig. 3.9. This control current circuit
comprises the following safety switches:

Thermal protection of compressor drive motor (F1) and
automatic thermal protection of oil pump motor (F2);

- Max. discharge pressure safety switch (S5), min. suction
pressure safety switch (S6) and max. suction pressure
safety switch (S3);

- Min. differential pressure safety switch between oil and
discharge pressure (S13) which prevents the compressor
drive motor from being started until sufficient lubricating
oil pressure has been built-up by the lubrication or full-
flow oil pump. So this safety switch is only of importance
during starting;

- Min. differential pressure safety switch between oil and
discharge pressure (S4) to ensure sufficient lubricating
and injection oil pressure after the starting period;

- Max. oil and max. discharge temperature safety switch
(S7 and S8 respectively);

- Pressure drop sensing switch (S9) on main flow oil filter;

- Max. and min. limit switch (S16 and S17) of the capacity
control slide valve actuator.

Starting the package

When the compressor package is at standstill and the main
switch S1M is closed, the capacity control slide valve actua-
tor moves automatically to the position “minimum capacity”.
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INDEX TO FIG. 3.9, 3.10 and 3.11

C1
E]

F1

F2
F3-4-5
F6-7-8
F10
F14-F15

H10
H11
H12
H13
H14
H1§
H16
H17
H18
H19
H20
H21

KM
K2m
K1T
K2T
K10A
K11A
K12A
K13A
K14A
K18A
K16A
K17A
K18A

M1

Capacitor for capacity controf adjusting motor
Heating element

Thermal protection of compressor drive motor
Automarnc protection of oil pump motor

Fuse protecion of compressor drive motor
Fuse protection of main power control cabinet ')
Automatc protection of control cabinet

Fuse protecton of transformer

Oll pressure for bearing lubrication too iow
Sucton pressure 100 high

Qil pressure 100 low

Oil pump motor overloaded

Compressor drive motor overioaded
Discharge temperature 0o high

Qil temperature 100 high

Sucton pressure 100 low

Discharge pressure 100 high

Pressure difference over main flow oil filter o high
Package in operation

Oil pump in operation

Aucxiliary samarong relay oi compressor drive motor
Startng relay of ol pump motor

Time lag relay (15 - 300 sec.)

Time lag relay (15 - 300 sec.)

Aurxiliary relay for resetting of proiections
Auxiliary relay for KIT

Auxiliary retay for S3

Augxiliary relay for S3

Auxilary relay for S3

Auxiliary relay tor Sa

Auxiliary relay for failures

Auxihary relay for “min:mum capacity”
Auxiliary relay for K1M

Compressaor drive motor )
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M2
M3

P1
PM

Q1
Q2

S1M
S3
Sa
S5
S6
S7
S8
Sg

S10
S11
S13
S14
S18
S16
Sq%
S18
S19
S20
S21
S22
S2a
S25
S26

TR1
TR2
LA,
T2
1713

U1

Oil pump motor
Capacity control adjusting motor

Service hour counter ')
Potentiometer ')

Main switch power supply )
Starting equipment compressor dnve motor ')

Main switch control cabinet

Maximum sucton pressure saiety switch

Min. oil/discharge differential pressure saierty switch

Maximum discharge pressure safety switch

Minimum suctlion pressure safety switch

Maximum oil temperaiure safety switch and iemperature :ndica tor
Maximumdischarge temperature safely switch and temperature indicaior
Pressure drop sensing switch on main flow oil filter

Push button “Package stoprreset”

Push button “Package st

Min. oil/discharge diff. pressure safely switch (dunng siarting oniy)
Push button “Mintmum capacity”

Push button “Maximum capacity”

Limit switch maximum capaaty

Limit switch minimum capacity

Extra switch of capacity control ')

Extra switch of capacity control *)

Extra switch of capacity convol ')

Setector switch “hand/automaltic” for capacity conwol

Selector swiich *hand/automatic” for starting and stopping

Aut. capacity conwoller/motor currentlimiung unit ')

Sucuon temperature indicator

Capacity control indicator ')

Transformer (220V/145V)
Currentiransformer (part of S24)
Sensing bulb uf ol iemperature

Sensing bulb of discharge temperalure
Sensing bulb oi suction temperature

Solenoid pilo; valve of by-pass vaive

Y if present
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Consequently relay K17A (line 17) is energized and its con-
tact K17A in line 13 closes.

By pressing stop/reset button S10, relay K10A (line 1) is en-
ergized and energizes on its tum relays K11A, K14A, and
K15A in line 3, 6 and 7 respectively; their contacts in line 8
will close and signal lamp H10 ("Bearing lubrication too
fow") in line 4 goes out.

As all safety switches in line 9 are normally closed (includ-
ing S7 and S8, but only when the power supply is switched
on) relay K16A becomes energized as well and its contact
in line 13 closes.

The compressor package can now be started by pressing
button S11 (line 14), causing the oil pump motor relay K2M
and time lag relay K1T to be energized. Also signal lamp
H21 (oll pump in operation) lights up. Three contacts of
K2M in line 19 will switch on the oil pump motor and an-
other contact K2M (line 15) shunts start button S11, so that
the latter can now be released.

s the oil pump is in operation lubricating oil pressure will
e built-up, causing the differential pressure switch S13
(line 15) to close and compressor drive motor relay K1M, au-
xiliary relay K18A and time lag relay K2T to be energized.
Also signal lamp H20 ("Package in operation”) lights up and
the service hours counter P1 starts running.

One of the contacts of K1M in line 16 will switch on the com-
pressor drive motor via a motor star/delta switch Q2 (if pres-
ent) in line 19; a second contact K1M (line 2) switches off
the heating element E1 and de-energizes the solenoid pilot
valve Y1 of the by-pass valve (by-pass valve closes) and a
third contact K1M shunts contact K17A (line 13). By open-
ing a fourth contact K1M in line 14, time lag relay K1T is de-
energized, causing relay K11A (via contact K1T in line 3) to
remain energized.

Contact K1M (line 14) should open within 60 seconds after
time lag relay K1T has been energized (therefore sufficient
lubricating oil pressure should have been built up) otherwise
the compressor dnve motor will stop (contact K11A in line 8

opens).

imultaneously with starting relay K1M auxiliary relay K18A
s energized. Two contacts of aux. relay K18A shunts con-
tact K1T (line 3) and differential pressure switch S13 (line
15) respectively and by closing a third contact K18A in line
5, the maximum suction pressure safety switch S3 becomes
operative.
The two remaining contacts K18A in line 17 closes, causing
the automatic capacity controller/compressor drive motor
current limiting unit S24 (if present) to become operative.
Also simultaneously with starting relay K1M time lag relay
K2T is energized. Contact K2T (line 7) opens 30 seconds
after time lag relay K2T has been energized, so that the dif-
ferential pressure safety switch S4 in line 7 becomes opera-
tive.
Differential pressure safety switch S4 closes as soon as a
sufficient pressure difference between oil pressure and dis-
charge pressure has been built up, whereby a new current
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circuit is formed. This current circuit enables to open con-
tact K2T in line 7 approx. 30 seconds after time lag relay
K2T has been energized without the compressor drive
motor being stopped (contact K15A in line 8 opens).

As the package is operating now, max. suction pressure
safety switch S3 (line 5) will close as a result of the rapid fall
in suction pressure and will energize auxiliary relay K12A,
causing the capacity control to become operative (contact
K12A in line 17 opens).

Capacity control of the compressor

As soon as the suction pressure has fallen below the value
preset on the max. suction pressure safety switch, the refrig-
erating capacity can be adapted steplessly to the required
cooling load by means of the slide valve actuator on the
compressor. The adjusting motor of this slide valve actuator
(line 17) may be actuated manually by two push buttons
S14 and S15, which can be selected by selector switch S21
included in the control current wiring diagram. In the reverse
position of selector switch S21, the adjusting motor is actu-
ated by the pilot switch of an automatic capacity control-
ler/compressor drive motor current limiting unit S24 (if
present).

In this way it is possible to set the capacity control slide
valve into any given position between minimum and maxi-
mum capacity.

When the capacity control slide valve reaches its minimum
or maximum position, the adjusting motor is switched off by
limit switches S17 or S16 respectively, located in the slide
valve actuator housing.

For remote electric indication of the position of the capacity
control slide valve, a potentiometer (if present) mounted in-
side the slide valve actuator and an indicator S26 (if pres-
ent) can be included in the control current circuit.

Furthermore, extra micro switches (if present) S18, S19 and
S20 (if present; line 18) can be mounted in the actuator
housing to serve any switch purpose in the installation de-
pending on the actual (part-load) capacity of the com-
pressor invofved.

Stopping the package

The package is stopped by pressing button S10, in which
event auxiliary starting relays K18A, K1M and K2M and
time lag relays K1T and K2T are released. All contacts of
these relays return again to their initial position; consequent-
ly the heating element becomes operative again, the sole-
noid pilot valve is energized (by-pass valve opens) and the
adjusting motor of the capacity control slide valve actuator
automatically moves back to the minimum position.

The package automatically stops when unsafe conditions
arise and in which case one of the aforementioned safety
switches or thermal protections become operative. Any un-
safe condition is indicated by one of the signal (warning)
lights (H10 - H19) included in the control current circuit.
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4. INSTALLATION AND CONNECTING UP OF THE

COMPRESSOR PACKAGE

4.1 GENERAL

This chapter contains instructions for the proper installation
of Grassoscrew compressor packages. Before the package
is ready for commissioning and initial start up, the following
must be completed in the order given:

4.2 START-UP SERVICE OUTLINE

1. The package is to be leveled securely, anchored to
the foundation and grouted according to para. 4.4 in
order to assure stability of the coupling alignment as
in paragraph 4.7.

2. All refrigeration piping is to be completed as in para.
4.6. Relief valves are to be properly vented.

3. The water piping is to be completed with the water
valve installed for water cooled packages as in para.
4.6.

4. The system and the compressor package are to be
pressure tested for leaks as in para. 4.9.

5. The system is to be evacuated to remove air and mois-
ture as in para. 4.10.

6. The coupling is to be aligned within the specifications
inpara.4.7.

7. The electrical wiring is to be completed as per wiring
diagrams. Do not energize the compressor control
cabinet until oil is added or the oil heater is discon-
nected.

8. The compressor is to be filled with the correct type
and amount of lubricating oil as in para. 4.11.

9. The oil is to be warmed up as in para. 4.12.

10. The control cabinet is to be energized to check the safe-
ty switches and the capacity control as in para. 4.14.

-11, The direction of rotation of the motor is to be checked
asinpara. 4.16.

12. The electric valve actuator is to be checked as in para-
graph 4.15.

The Supplier-Representative will supervise the foliowing

with customer:

1. Check the general installation.

2. Check the coupling alignment.

3. Check the electrical safety controls.

4. Check capacity control actuator adjustment.

5. Start the compressor for the first time and adjust all the
packages valves and controls.

6. Explain compressor operation to the operating personnel.
4.3 RECEIPT OF THE PACKAGE

tmmediately on arrival of the Grassoscrew compressor pack-
e unpack all the crates and boxes and check the items
against shipping lists for any possible shortages. Examine
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the compressor, package components and loose items for
possible damage in transit. Notify the carrier of any short-
ages or damages and enter the appropriate claim with them.
Prior to despatch from the works the package has been
charged with dry nitrogen; therefore all stop valves are
closed and all flanged connections are sealed with a blind
plate and gasket between flange and counterflange.

In order to prevent penetration of moisture and impurities, it
is recommended to leave the nitrogen charge in the pack-
age until it is installed. Also the plastic covers on the stop
valves should be kept in position. If the package should be
stored, it must be kept at all times in a dry location to pre-
vent corrosion damage. If the package is to stored for a pro-
longed period of time, the unit shouid be checked
occassionally that the holding charge of dry nitrogen re-
mains above atmospheric pressure. This will prevent corro-
sion from any moisture that might enter the compressor
package.

4.4 FOUNDATION REQUIREMENTS

The compressor package can be mounted and secured to
any hard rigid and level surface which is adequate to sup-
port the weight of the package. Since the screw compressor
is a relatively vibration free rotary machine, it does not have
to be mounted on an inertia block (heavy foundation) or pad.
In multiple machine installation of 350 HP (250 kW input
power) or larger or in locations with excessive floor vibration
of external source, it may be necessary to mount the pack-
age on an inertia block or pad and isolate the package and
pad from the floor.

To carry out installation, testing and future servicing, suffi-
cient space around the package should be available.

4.5 INSTALLATION OF THE PACKAGE

Check the foundation anchor bolts spacings with the hole
spacings in the package frame base.

Lift the package by placing slings at each hoisting eye of
the steel base frame. Use spreader bars or timber under the
slings to prevent damage to the piping and components. Do
not sling from the pipework, the inlet device or the eyebolt
holes in the motor. Eyebolts have been provided for lifting
component pieces only and not the entire package.

if the mounting surface is not level, use shims under the
frame to distribute the weight evenly over the entire frame.
Any gross distortion of the frame when the anchor bolts are
tightened will complicate the alignment of the coupling.

Do not grout the package frame to the foundation at this
stage. Grouting with an expanding grout around the entire
base is necessary after the refrigerant piping is connected
and the compressor and motor are roughly aligned (approxi-
mately 1mm) total indicating reading). The grouting will then
minimize any base deflections that may affect the coupling
dlignmerni.

4.6 CONNECTING THE (PACKAGE) SYSTEM PIPING

The size and location of the refrigerant suction, discharge,
economizer and water connections, can be found on the
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dimensional drawing supplied with each package. For stan-
dard packages, the location of connections is given in fig.
3.6 “Component identification drawing of standard package”
The suction line and discharge line should be installed and
supported such that there is no load exerted on the com-
pressor body or the oil separator from either static forces or
vibration.

Extemal forces from the piping can distort the coupling align-
ment and cause major bearing and shaft seal problems.

Retri s figaz:
Before installing suction and discharge line, remove the
plastic protection cap of the suction and discharge stop
valve and inspect the stop valve connections as welt as the
lines themselves for the presence of dirt.

The lines can be welded direct onto the welding ends of the
stop valves; the stop valves need not therefore be disas-

sembled. Prior to welding, the stop valves should be op-
ened entirely and then closed one full turn.

CAUTION!

In order to prevent the possibility of any liquid carry-over,
the plant in which the Grassoscrew compressor package is
to be installed, should meet the same requirements as if it
has been designed to operate with a reciprocating com-
pressor (package).

4.7 MOUNTING AND CHECKING COUPLING

In general the package will be supplied complete with a
drive motor which is connected to the compressor by

means of a double flexible coupling. But, to prevent damage
to the compressor and drive during transport, the intermedi-
ate elastic elements of the coupling are shipped unassem-
bled and packed together with the package.

This symmetrically constructed all-steel coupling (shown in

fig. 4.1) consists of two flanges (1 and 7), two stainless
steel plate packs (3) and a spacer (6). The steel pack is an
integral assembly consisting of individual plates and bush-
ings, captured by retainer rings (4). Since all junction points
are built up this way, the plate pack represents a compact
unit.

The shaft ends of both compressor and motor are equipped
with a coupling flange. Although the motor and compressor
shaft have been aligned in the works misalignment might
have occured due to deformation of the base frame during
transport and installation. Therefore it is recommended to
check the alignment once more prior to reinstallation of the
intermediate elastic elements.

The alignment procedure described hereafier incorporates
also procedure steps for reinstalling the electric motor in the
case the compressor drive motor might have been moved
for servicing or replacement.

IMPORTANT

The compressor and compressor drive motor is supplied
leveled and secured to the package base frame with high
grade fasteners. Do not loosen the bolts or disturb the com-
pressor and motor. Tighten the compressor and electric
motor mounting bolts as they may have loosened in ship-
ment.

A) PREPARATION FOR ALIGNMENT

- The compressor package should be leveled and securely
anchored without base distortion as in para 4.4.

- Check to make sure the motor feet and the package
mounting pads are free of dirt and burrs.

- Clean motor shaft and compressor shaft coupling flanges
and the coupling elements as well.

1]
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1. compressor coupling flange
2. fined bolt

3. piate pack

4. ring pack

S. lock nut

6. spacer
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7. motor coupling flange
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FIG. 4.1 DOUBLE FLEXIBLE COUPLING
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- Have available the following (measuring) tools:
- clean feeler gauges from 0.025 mm 1o 0.5 mm
- two dial indicators with attachments and indicator jig (see
fig. 4.2)
- a straight edge
- a crow bar or strong lever to lift the drive motor
- shims with various thicknesses
- (metric) spanners

B) MOTOR AXIS ALIGNMENT (only if electric motor have
been recovered after servicing or replacement)

1) Temporarily place the electric motor onto the base
frame and move the motor to the compressor shaft
end until the distance between both shait ends is
about 100 or 140 mm, depending on used coupling
size.

2) Using a straight edge, roughly align motor axis with
the compressor axis and finally check and/or correct
the shafts interspace.

3) Note the axis level difference between the shafts of
compressor and motor. This difference shows the
total shim spacing between motor feet and base
frame.

4) To facilitate easy alignment ensure that the motor
shaft is lower than the compressor shaft (so that

height increases are possible with shims).

5) Remove the motor.

8) Press the motor coupling flange onto the motor shaft
end until the end faces of motor shaft and coupling

==
GRdAS5D
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C) PRELIMINARY ALIGNMENT

7) Definitely place the motor onto the base frame and
securely align the coupling so as described hereatfter
in the final alignment procedure.

8) Mount the steel plate packs with spacer inbetween in
such a way that the bolt holes are aligned opposite
the recesses.

Assembling rule: Always fit the ring packs (4 in fig.
4.1) onto the flanged parts.

9) Tighten up all coupling fasteners as given in Table
(4.1), install the coupling guard only after motor rota-
tion check and proceed with Paragraph 4.9 “Package
pressure test.

D) FINAL ALIGNMENT

a) Refer to figure 4.2 mount the cleaned spacer without
the plate packs onto the motor coupling flange and
tightened bolts.

b) Clean the plane flange surface and the hub of the
compressor coupling.

c) Again refering to figure 4.2 attach the concentricity dial
indicator securely to the compressor coupling hub
using a dial indicator jig. Move the dial indicator to
Zero degrees (top position of hub) and set indicator to
Zero. Check attachment of the indicator by rotating
the shafts of compressor and motor together 360 de-
grees or one revolution. If the dial reading should not
return to zero check the indicator jig mounting.

d) IMPORTANT

are flush. ! 3 oy
The maximum aliowable coupling concentricity and
< gl - s 0.05 indical
1. concenpicity misatignment dial
1 g indicator
2.indicator mountng 19
i 3. electric moior couphng fiange
"""""""""""""""""""" DE’ <. angularity misalignment dial
3 indicator (in elevation ang planj
5. compressor coupling flange
l
] I R ST |98 1 o W N e F3 T D e (o e
D = indicator plunger circle diameter
L FIG. 4.2 ALIGNMENT ARRANGEMENT
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e) When making shim changes, use a small number
thick shims rather than a large number of thin shims
to prevent excessive compression of the shim packs
when the mounting bolts are tightened.

f)  When making shim changes, change and secure one
foot at a time. Tighten the bolt only enough to prevent
the motor moving about while making shim changes.

g) Whenever shims are changed and the motor is
moved, the mounting bolts should be tightened
evenly and cross wards. This minimizes misalignment
caused by the motor shifting when tightening the boits
and by the motor pads not being level.

h) Rotate both the compressor shaft and motor shaft
together in 90" or quarter turn steps and record each
indicator reading at each quarter step. Tum both hubs
together ensures that readings are recorded at the
same point at each hub eliminating the effect of any ir-
regularities on the rims or faces of the hubs.

i) To check the angularity misalignment the use of a
gauged inside caliper is recommended as shown in fig.
4.2. To check the angularity misalignment at least four
check points are to be made in 90" or quarter turn steps
eg on top (0°), 90", bottom (1807) and 270°.

) The angularity in elevation misalignment from 0.00 mm
ato’ (top level) to -0.15 mm at 180" (bottom level) indi-
cates that the rear of the motor is higher than the front in
relation to the compressor. The total indicator reading is
0.15 mm.

k) Calculate the distance to move the motor feet as fol-
lows:

O (refer to fig. 4.2) measure the angularity indicator plunger circle
diameter D (for example 150 mm.

O measure the distance between the front and rear motor
mounting bolts (be L), for example 750 mm.

0 the angulanty as measured in j) above be M.
O thickness to be added or removed be S.

Now the shim thickness io be added or removed can be
calculated as follows:

LM 750 X 0.15
D 150

S= =0.75 MM

Remove 0.75 mm of shim from the rear motor feet and
tighten the motor bolts.

I) Recheck the angularity misalignment as in steps h) to k).

m) The concentricity misalignment from 0.00 mm at point
90’ to 0.20 mm at point 270" indicates that the motor
is lower than the compressor. The total indicator read-
ing is 0.20 mm.

n) The distance to move the motor feet is half of the con-
centricity misalignment from m) above; this is 0.10 mm

o) Add 0.10 mm of shim to each of the four motor feet
and tighten the mounting bolts.

p) Recheck the concentricity misalignment.
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q) The angularity in plan misalignment (motor displaced
clockwise or counterclockwise in relation to the com-
pressor) can be checked with the procedure for angu-
larity in elevation misalignment and calculate with the
same formula, except, “M” represents the angularity
in plan misalignment and “S” is the distance the motor
feet have to be moved from side to side.

r) Tighten the motor mounting bolts.
s) Recheck the angularity in plan misalignment.
t) Recheck the concentricity in plan misalignment.

u) Reverse the checking procedure by adjusting the dial
indicator to zero at point 180" (bottom).

V) Check the spacing between motor shaft and compressor
shaft to make sure there is sufficient room to accept the
coupling spacer. This should be 100 or 140 + 1.0 mm.

w) Tighten the motor mounting bolts cross wards.
x) Finally recheck the alignment as in step t).

y) Remove the spacer and proceed to step “8" and "9" in
fCF;

TABLE 4.1
TIGHTENING TORQUES OF COUPLING BOLTS
Hub dia. Thread size Key width Tightening torgque
(mm) (metric) (mm) {N.m)
@91 M8 13 25
105 M10 17 50
o112 M12 19 85
@ 128 M1i6 24 200
o 132 M20 30 400
@ 145 M20 30 400

4.8 CONNECTING OF POWER SUPPLY AND SYSTEM
WIRING

When the package is delivered with a standard control- and
pressure gauge/safety switch cabinet. most of the electric
wiring - according to fig. 3.9 - is done by the manufacturer
prior to despatch from the works.

Connecting the main power supply to the contro! cabinet
and to the starting equipment of the compressor drive motor
(see fig. 3.10 and 3.11) has to be done by the installer on
site.

Further electrical connections to be made to the terminal
strip inside the control cabinet (see fig. 3.10) are:

- heating element (1 -~ 2)

- thermal protection of compressor drive motor (16 - 18}
- automatic start/stop (19 - 20)

- starting relay of compressor drive motor (23 - 24)

switch purpose by extra micro switches (34 36, 37 -
39 and 40 - 42)°

- automatic capacity controller and motor current limiting
unit (46 - 51)*:
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- temperature sensor of capacity controller (48 - 49)

- pressure sensor of capacity controller (50 - 51)
BEWARE: Connection X50 = exclusively for DC+

- current transformer of current limiting unit (46 - 47)

The provisions marked with an asterick (*) are optional.
Therefore if these provisions are omitted. the corresponding
connections are out of use.

4.9 PACKAGE PRESSURE TEST

The package components have all been pressure tested
prior to leaving the factory. The compressor unit shouid,
however, be leak-checked at the job site to detect leaks
which may be present due to rough handling during ship-
ment. This test should be done simultaneously with the sys-
tem pressure test and system leak check.

o not add oil to the package prior to pressure testing.
IMPORTANT

Whenever the compressor package is colder than the con-
densing temperature, admit only enough high pressure re-
frigerant to bring the package up to the test pressure and
then close the inlet stop valve. This minimizes the amount
of liquid condensing in the package which could damage
the compressor on start up.

4.10 SYSTEM EVACUATION

Any free moisture and air in a system will mix with the re-
frigerant and oil to form harmful organic contaminants in re-
sinous sludge and wax like forms which will ptug the oil
filters and strainers and damage the compressor. The sys-
tem must be evacuated to remove both the air and the mois-
ture. This evacuation can be done with a high vacuum
pump capable of reducing the absolute pressure to 1.3 bar
or less.

Yo not evacuate with oil in the separator as the oil prevents
d4ny trapped moisture from boiling off.

The following procedure is recommended:

a) Ensure all leaks have been corrected by pressure test-
ing as in paragraph 4.9.

b) Blow the system down fo atmospheric pressure.

c) As many vacuum pumps contain brass which is at-
tacked by ammonia in the presence of moisture,
remove any ammonia remaining in the system from
the pressure test by adding dry nitrogen to a pressure
of about 0.7 bar(e). Again biow the system down to at-

mospheric pressure.

d) Open all the interconnecting stop valves between the
low and high pressure sides.

a) Install a vacuum gauge at the oil filter drain valve or

some other convenient system connection. Open the
drain valve.

Attach the vacuum pump by hose to the blowdown valve
on the oil separator.
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g) Open the blowdown valve.

h) Start the vacuum pump and evacuate the system to
1.33 bar(a). Depending on the internal volume of the
system, the amount of air and water present, the am-
bient temperature and the size of the vacuum pump
this may take from half an hour to ten hours. Shouid
the ambient temperature be less than 0 *C, evacuate
the system to 0.20 Torr (26.6 Pa).

j) Close the blowdown vaive.

k) Stop the vacuum pump.

l) Record the system absolute pressure.

m) Wait two hours and repeat steps f. g. h, |, k and I.

n) Wait for two hours and read the system absolute
pressure again. If the pressure has not increased, de-
hydration has complete. If the pressure has in-
creased, repeat steps as in “m".

o) If the vacuum fails to hold after several dehydration at-
tempts, check the system for leaks and again repeat
steps as in *m".

p) Close the blowdown valve and the vacuum gauge
valve.

q) Charge the system with refrigerant at the charging
valve.

4.11 INITIAL OIL CHARGE

IMPORTANT

Used or filtered oil should never be added to a refrigeration
screw compressor under any circumstance. Use only new
oil from an oil manufacturer (any of the major oil companies
or their approved dealers) as in the oil table in para 2.10.

Before charging any oil into the screw compressor package,
see para. 2.10.

Sufficient oil should be charged into the (primary) oil separ-
ator reservoir via the oil charging valve to establish a level
in the oil level sight glass. Refer for oil capacity the oil
cooler indentification plate.

When the desired oil level is reached, most of the oil system
pipes, oil cooler, oil filter and compressor are filled up too.

Check that the bearings are prelubricated by loosening a
nipple on the discharge journal oil supply line at the com-
pressor bearing and pump a small additional amount of ail
until oil weeps at the loosened nipple. Make a final check by
pumping further oil and noting the pressure increase on the
oil pressure gauge. Revolve the compressor drive shait by
hand a few times to prevent liquid hammer at first start and
to topping up the oil separator to the main level of the upper
sight glass.

4.121INITIAL OIL WARM UP

Supply power to the compressor panel before the arrival of
the Suppliers representative. This will allow the oil in the oil
reservoir to warm to operating temperature and will help fa-
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cilitate a smooth start-up. With power to the motor off,
power supplied to the panel and the oil temperature below
40 "C verify that the oil heater is on by checking the current
drawn.

Alternatively check the heater element by noting the relative
temperature of the separator at the element and the oppo-
site side.

The machine should gever be started until the oil is 20 "C or
5.5 "C above saturation temperature of the package press-
ure whichever is higher. Ideally, the temperaiure should be
27°Cto38°C.

4.13 ELECTRICAL CHECK

Before attempting to start the compressor, the electrical con-
trol system, safety switch- es and capacity controls must be
checked in a simulated operating conditior.

IMPORTANT

Be sure there is oil in the separator so the oil heater will not
burn out.

The simplest and most reliabie method of checking the elec-
trical system is to feed the power supply to the control panel
with the main drive motor power disconnected. This can be
accomplished by disconnecting the motor power at the main
power disconnect. If the control power is also supplied from
the main disconnect, a separate temporary source should
be obtained or the motor starter should be disconnected.

414 SAFETY SWITCH ADJUSTMENT AND CHECK
All switches are to be adjusted to values shown in
Table 4.2.

LOW OIL PRESSURE SAFETY SWITCH

Setting of the safety switches is effected by turning the main
spindle with a spanner. The set value can be read from a
graduated scale in the front cover (see fig. 4.3).

Setting of the differential safety switches takes place by turn-
ing the setting disc with a screwdriver; this setting disc is ac-
cessible after the front cover has been removed. The set
value can be read from a graduated scale.

Setting of the temperature safety switches is effected by
turning the adjusting knob, situated in the centre of the front
cover. The individual settings and adjustments safety swit-
ches are given in table 4.2.

DISCHARGE AND OIL TEMPERATURE
SAFETY SWITCH

oil temperature

discharge temperature RT1 -RTi1A

SUCTION AND DISCHARGE PRESSURE

RTEA - RT6AB  (max. discharge pressure)

OIL/SUCTION DIFFERENTIAL PRESSURE

SAFETY SWITCH SAFETY SWITCH
(min. suction pressure)
(max. suction pressure)
RT260A

l:ﬂ@‘eg‘o‘c'@ 5 m@o.upf'@

B | [

RANE O = swn RENSE © wruww
INPLS o eom WRUT ot wTe
DTN 4 vas AFPLT. 3-1ma
Ne N R
0% Floos
3 T3 S

] S
] o

! Main spindle
2 Graduated scale
3 Adjusting disc

FIG. 4.3 SETTING OF SAFETY SWITCHES
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TABLE 4.2
ADJUSTMENT AND SETTINGS OF SAFETY SWITCHES
SAFETY SWITCH ADJUSTMENT/SETTING
Max. discharge temperature ') nonnal setting: 10 K above discharge temperature with package operating under design conditions
max. setting; 93 °C
Max. oil temperature ') normal setting: 5 K above oil temperature at oil cooler outlet at selected operating conditions
max. setting: 65 'C
Max. discharge pressure ') nomal setting: 1 bar above discharge pressure with package operating under design conditions 2)
max. setting: 21.5 bar
Min. oil/discharge normal setting: 1.5 bar above discharge pressure

differential pressure
max. setting: 4.0 bar

Min. suction pressure '} nonmal setting: 1 bar below suction pressure with package operating under design conditons 2)

min. setting: -0.6 bar

Start control pressure nommal setting: 0.5 bar above discharge pressure

max. setting: 4 bar

Max. suction pressure normal setting: depends on built-in volume ratio of compressor and the refrigerant used, according to
the following table:
refrigerant built-in volume ratio
2.2 26 37 48
NHs 8.0 62 | 35 2.2 bar(e)
1 bar = 10 N/m = 100 kPa = 1.02 kgficm = 14.5 psi R22 87 6.9 4.2 2.8

FOOTNOTES OF TABLE 4.2

1 . 3 5 . :
) These safety switches are provided with a locking device so that, when cut out, the compressor package does not become operative automat-
ically on retum of the oniginal temperature or pressure. To unlock, an extemal reset button is used but only after the reason for cut out has

been investigated.

2 L} . . Y -
) When setting the max. discharge pressure salety switch or the min. suction pressure safety switch, it must be checked whether the difference
between discharge pressure and suction pressure never exceeds the max. allowable value of 20 bar.

+.15 CAPACITY CONTROL ELECTRIC VALVE e) Mark the output shaft with a pencii or feit pen.

ACTUATOR CHECK f) Check the minimum position cam setting by rotating the
capacity control motor counterclockwise from the maxi-
mum position setting with the manual “Unload” switch on
the control panel and counting the number of revolutions
of the marked output shaft. Table 4.3 shows the correct

With the main motor disconnected, the min. oil safety switch
jumpered and the control system energized to simulate
operation, the following items should be checked;

a) Run the capacity control valve to the maximum posi- number of revolutions of the marked output shaft for the
tion with the manual load switch on the control system to move the capacity control valve from the maxi-
cabinet. The capacity indicator on the end of the cam- mum to minimum position. Note the capacity indicator
shaft should read the maximum number of turns of may or may not read minimum when the number of tums
the compressor in question. is correct.

b) Press the manual “load” switch and manually trip the 9) If there are more or less turns of the output shaft, ad-
maximum position roller switch. The shaft shouid ro- just the minimum position cam as in paragraph 6.12.
tate one full revolution from the maximum position to h) Again. run the capacity control valve to the maximum

the maximum position stop before the micro switch

position with the manual “load” switch.
stops the motor.

j) With the capacity control valve at the maximum capacity
position, push the stop button and the capacity control
should move to the minimum position. If it does not move

, Return the output shaft to the maximum position from to the minimum position, check the unloading wiring cir-

the maximum position stop. cuit.

c) If there are more or less turns of the output shaft, ad-
just the maximum position cam as in paragraph 6.12.
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k) Check the operation of both micro switches. Run the
capacity control valve in the “load” and “unload” direc-
tions. The motor should “torque out™.

TABLE 4.3
REVOLUTIONS OF THE OUTPUT SHAFT TO MOVE THE

CAPACITY CONTROL VALVE FROM MAXIMUM TO MiNI-
MUM (UNLOADED) POSITION

COMPRESSORMO- | 2.2, 2.6 & 3.7 BUILT- 498 BUILT-IN
DEL IN VOLUIME RATIO VOLUME RATIO
GSLes 25 18
GSL85 19 14
GSL125 30 23
GSL165 25 18
GSL180 25 18
GSL240 38 29
GSL480 54 40

The given number of revolutions in both columns are split up
in two range of tums namely, up to and including 30 iurns or
62 turns.

-

Volume ratio is given in the model number for each pack-
age, shown on the name plate on top of the compressor
discharge housing by a tenfold value (the last fwo num-
bers).

4.16 MOTOR ROTATION CHECK
Remove the coupling spacer if fitted.

Check to see that the motor turns freely by hand. Supply
power to the motor starter and rotate the start button to the
“Auto-Start” position. Bump the motor by pushing the start
button then pushing the stop button. Verify the motor rota-
tion by observing the motor shaft coupling hub.

IMPORTANT

The motor shaft will rotate counterclockwise when facing the
motor shaft end when motor rotation is correct.

If the motor rotates in the wrong direction, disconnect the
power supply to the starter at the circuit breaker and reverse
two of the phases by interchanging two of the three electrical
lines at the starter or at the motor terminal box. Rotate the
starting switch to the “Manual-Reset” position. Disconnect
power from the motor starter. Do not mount the coupling
spacer and coupling guard.
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5. STARTING AND STOPPING THE
COMPRESSOR PACKAGE

5.1 START-UP

After all the installation functions covered in chapter 4 have
been completed, it will be possible to perform start-up ser-
vice. It is necessary that key plant operating personnel be
available to go through the start-up, since a great deal of
knowledge can be obtained in this manner. The operations
covered in this chapter will be performed at start-up under
the supervision of a Grasso Refrigeration Representative.

IMPORTANT
See Paragraph 4.2 before scheduling start-up.

5.2 PRE-START CHECK LIST”

The following Paragraph covers oniy the initial start of the
compressor and not the remainder of the refrigeration sys-
tem. Be sure that all necessary system valves are open and
it the refrigeration system is ready for start-up. Use the
iollowing check list to guarantee that no items of importance
regarding the compressor package have been overlooked.

a) Package is charged with refrigerant.

b) Motor starter breaker disconnected from the electric
supply line.

c) Safety switches set to the values in paragraph 4.14.
d) All safety switches verified for correct operation.

e) The oil in the separator sump is 20 "C or 5.5 “C above
saturation temperature of the package pressure
whichever is higher (at least two hours prior to start-

up).-
f) Oil level established in sight glass.
g) Cooling water to oil cooler turned on if water cooled.

h) Liquid refrigerant supply to compressor on if super-
feeded.

Stop valves to the pressure gauges are open.

K) Suction stop valve still closed and discharge stop
valve is open.

1) Coupling turns freely by hand (coupling guard still not in-
stalled).

m) Direction of drive motor and oil pump rotation (shown
on the oil pump name plate) checked.

n) Capacity control actuator indicator at minimum.
o) Capacity control selection switch in manual.

p) Starting switch in the “Manual-Reset” position.
g) Consult the contractors plant operation manual.

When the above items are verified, the compressor is ready
for the initial start.

5.3 STARTING THE COMPRESSOR PACKAGE

nen starting the compressor package, a distinction should
be made between:

92.01 Compressor Package GSLP
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1) Starting the compressor for the first time after the
plant has been delivered ready to operate.
For manually controlled plants as well for those opera-
ting automatically, the starting procedure given in the
instructions hereafter [steps a) through g)] should be fol-
lowed exactly.

2) Restarting the compressor in a plant already oper-
ational.
In the case of manually controlled plants, proceed in ac-
cordance with the instructions given in the contractors
plant manual.
In the case of automatically operating plants, the starting
procedure is incorporated in the control system and it
does not generally require, therefore, any particular care.

IMPORTANT

Compressors refilled with oil returned to the stator due to a
total current break down, may never be restarted automat-
ically. To prevent liguid hammer it is necessary lo restart
the compressor manually again.

3) Restarting the compressor after the plant has been
out of operation for a long periad of time (e.g. on ac-
count of seasonal standstill or maintenance work).
For manually controlled plants as well as for those opera-
ting automatically, proceed in accordance with the in-
structions given under steps a) through g).

The starting procedure is as follows:

a) Start the compressor after removing the fuses of the
compressor drive motor (only the lubrication oil pump
is in operation) to ensure that the entire oil system
(together with the shaft seal housing) is filled with oil.

b) Stop the compressor again afler about 30 seconds
and rotate the compressor drive shaft a few tums by
hand in order to allow excess of oil to escape from the
compressor housing into the oil separator.

c) Definitely install the coupling guard.

d) Refit the drive motor fuses.

e) Star! the compressor. Slowly open the suction stop
valve (be careful that no liquid carry-over occurs, es-
pecially in plants with lower suction lines). Run the
compressor at its lowest capacity setting for a half
hour and check whether all pressure gauge readings
are normal. During starting and for a period no longer
than 20 minutes thereafter, then oil temperature is
allowed to be below the minimum limit of 40 “C, but
never below 20 “C.

f) Set the capacity control to the required position. This set-
ting is visible on the scale of the indicator plate behind
the window of the actuator control cover.

If necessary. check the control all over the whole range.

If available, switch over 1o automatic operation.

After the compressor has run fully automatically for an
hour and the pressures and temperatures have re-
mained stable for 15 minutes, list all readings in a
data record. In this way, any deviations from the cor-
rect operating conditions can be found easily.

~
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5.4 STOPPING THE COMPRESSOR PACKAGE

The compressor package can be stopped at any moment
desired.

Consult the contractors plant operation manual for further

action required, especially in the case of manually control-
led plants.

5.5 AFTER START-UP MAINTENANCE

After the compressor has run for twenty-four hours, clean
the suction strainer, oil strainers and change the oil filter if
its pressure drops exceeds 1 bar.

Check the compressor shaft seal for excessive leakage of
more than 10 drops per minute. If excessive, replace the
seal as in paragraph 7.5.

IMPORTANT

Whenever the compressor stops, it runs in the reverse direc-
tion for several seconds.

After the discharge check valve closes, the high pressure
refrigerant in the oif separator expaonds back through the
compressor to the closed suction check valve which causes
the compressor to run in reverse. It is a completely normnal
action and is no cause for alarm.

Continued back spin for more than 5 seconds indicates ex-
cess leakage through the check valves.

5.6 STEPS FOR LONGER SHUT-DOWN PERIODS

The compressor operates with an oil/refrigerant mixture,
and therefore short shut-down periods will not affect the

Page 5.2

Compressor Package GSLP

compressor operation.

To shut down a compressor for long term period, tightly
shut both the suction and discharge stop valves and the
economizer stop valve (if fitted with economizer). Discon-
nect the power source from the compressor drive motor and
the electrical control cabinet.

Place a moisture absorbing compound (eg a dessicant such
as silica gel) inside the control cabinet and the electric valve
actuator.

Place warning tags on the electric system and all closed
stop valves. Those who do not know the machine is shut
down for a long term must not attempt to start the com-
pressor until it is ready for normal operation.

It will be sufficient to start-up after opening the discharge
stop valve. As soon as the compressor has reached its
maximum speed, the discharge stop valve can be closed
again after stopping the compressor

REMARK

Every month while the compressor is shut down, turn the
compressor and motor over several turns.

During a shut-down period under cold weather conditions,
the water cooled parts of the plant should be drained or the
cooling water circulation maintained in order to prevent dam-
age due to frost.

Prior to starling up after a shut down, change the oil and
pump down the compressor.

Before pushing the start button, check that the oil in the sep-
arator sump is above 20 “C [see item e) in paragraph 5.2].
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6. INSPECTION AND MAINTENANCE

OF THE COMPRESSOR PACKAG

6.1 GENERAL

Although the maintenance for your Grassoscrew com-
pressor is minimal, it must be carried out for compressor
long life. The instrumentation and indicators provided will
alert you of the first sign of a maintenance requirement. Ob-
serve these instruments and indicators at regular intervals
and be certain that the machine is performing properly.
Become familiar with the normal operating sound of the
compressor and if something does not sound just right, shut
down the machine.

Excessive vibration is a good indication that something is
wrong. This precaution may save the cost of a major repair.

Keep the compressor package clean to minimsze dirt enter-
ing the compressor whenever components are opened dur-
ing routine maintenance. Before cleaning a component with
a solvent to remove gum resin like deposits, remove all the
O-rings as they can be chemically attacked. To ensure no
races of solvent will be left to react with the oil and refrige-
rant, thoroughly dry the component with an air blast.

=2
SSD
UEL L TION
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6.3 DAILY OPERATION

After a routine start has been made, observe the instru-
ments and be sure the gauges indicate the correct reading
for that particular phase of operation.

After the machine has warmed up, check the overall com-
pressor and instrument cabinet to make sure it is running
properly. Particular attention should be given to the follow-
ing:

- Oil pressure gauge

- Oil temperature gauge

- Discharge temperature gauge

Also check the setling of the suction, oil and discharge
pressure safety switches. A log of the operating tempera-
tures, pressures and service requirements can be invaiu-
able in troubleshooting.

It is recommended that a log be kept of all readings at least
every eight hours.

6.2 INSPECTIONS SCHEDULES (Compressor package stays in operation)

FREQUENCY

>

. > -E =
CHECK POINTS sl o E
o o ©

2| E

REMARKS

Qil level in primary oil separator

| The oil level must be between 1 and 3 quarters height of the sight
glass. For topping up oil, refer to paragraph 6.8,

Colour of oil behind sight glass of
separator

The oil should be transparently clear. A white colour points to
not dissolved refrigerant (foam).

Oil pressure

The indication of the oil pressure gauge should be 3 bar higher
than the vatue shown by the discharge pressure gauge.

Pressure drop over oil filter

Check for corresponding indication (warning signal).

Oil temperature on cooler outlet

The normal operating temperature must be between 40 & 50 “C.

Oil leakage

Allowable shaft leakage 10 drops per hour. Remedy any other
visible oil leakage.

Heating element in oil separator

During standstill of the package, the heating element must be
operative.

Setting of safety switches

Refer to Chapter 4, paragraph 4.14.

Switching frequency of the compressor

The time interval between stopping and starting of the
compressor drive motor should be at least 10 minutes.

Capacity control

At maximum capacity position the indicator should read the
maximum revolutions as given in table 4.3 on page 4.8 for each
compressor model.

Capacity control actuator cam settings

Switch-on and switch-off stops can be read just as given in
paragraph 6.12.

Number of operating hours

Check the number of operating hours in view of any
maintenance tasks to be carried out.

Apart from the above check points, the sound produced by the compressor provides a proper standard for its mechanical conditon. If abnonnal
sounds are audible, their cause should be traced and removed immediately in order to prevent serious breakdowns at inconvenient tmes.

92.01 Compress
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While the compressor is running each sight glass contains
foaming oil and small vapor bubbles. When clear vapor ap-
pears in the top sight glass the oil level may be low. The oil
level can be accurately checked when the compressor has
stopped and the oil has settled in the separator sump for
about ten minutes. The oil level should be visible in the
sight glass, between the two red marks.

WARNING

Do not remove caps, plugs, or other components when the
compressor is running or pressurized.

Siop compressor and relieve all internal pressure before
doing so.

IMPORTANT

Used or filtered oil should never be added to a refrigerant
screw compressor under any circumstance. Use only new
oil (as in paragraph 2.10) from an oil manufacturer.

If the addition of oil becomes too frequent, a problem may
have developed causing this excessive loss. See fault-find-
ing (paragraph 6.13) under high oil consumption for a prob-
able cause and remedy.

6.4 MAINTENANCE AFTER THE INITIAL 200 HOURS OF
OPERATION

After the initial 200 hours of operation a few maintenance
tasks are necessary to free the system of foreign materials
which may have accumulated during assembly and instalia-
tion. Other procedures, stated below are required to sure
that the initial operation of the machine is correct.

1) Change the oil

2) Replace the oil filter

3) Clean the oil strainers

4) Clean the gas suction strainer

5) Check the settings of the capacity control cams

6) Check the pressure gauge calibration (0 bar when
open to atmosphere)

7) Tighten all bolts, especially motor and compressor
mounting bolts

8) Check compressor shaft seals for excessive leakage
of 10 drops per minute. A small oif loss of 1 or 2 drops
per minute is normal.

9) Check coupling atignment

10) Check low oil pressure safety switch

11) Check high oil temperature safety switch

12) Check high discharge temperature safety switch

13) Restart and check all operating temperatures and pres-
sures

6.5 SAFETY CONTROLS

The operation of all safety controls should be checked at
least monthly (as in paragraph 4.14) as a safety switch

Page 6.2

failure can result in an expensive repair. It is especially im-
portant to regularly check the low oil pressure protective cir-
cuit for fusing of the switch or delay timer contacts or failure
of the delay timer coil.

6.6 OIL ANALYSIS

The oil injection screw compressor has proved to be a most
reliable and successful compressor, but because of the
washing action of the oil, the oil quality must be checked
closely for maximum compressor life. Since it is impossible
to look at the oil and determine its quality, chemical analysis
by a qualified concem signifies when to change the oil. Oil
analysis has proved to be of great value in preventing lubri-
cation problems by diagnosing poor quality or contamina-
tion before significant damage has been done.

If in doubt to use the oil further more, take an oil sample
every 1,000 hours but at least every three months and send
it for laboratory analysis. If an unfavourable report is re-
turned indicating a general deterioration of the oil charge
(e.g. increased acidity high moisture content etc.), the old
package system oil should be drained off and separators re-
filled with the correct charge of fresh oil (not reclaimed) of
the original grade.

6.7 MAINTENANCE SCHEDULE

The schedule (see next page) is intended as a minimum
maintenance schedule and indicates after how many opera-
ting hours &/o terms maintenance operations have to be car-
ried out. Abnormal conditions may require more frequent
action as determined by your daily listed readings. The year-
ly maintenance jobs should ideally be carried out before the
start of the annual season.

For most of the maintenance tasks, the compressor must

be put out of action.

In order to prevent this from having to take place at incon-
venient times, the tasks should as much as possible be ef-
fected during a shut-down period.

The schedule has been drawn up in such a manner that sev-
eral operations can be carried out simultaneously, which re-
sults in reduced maintenance costs.

6.8 TOPPING UP OIL WITH COMPRESSOR OPERATING

Oil can be topped up whilst the package is operating. Use
the same oil as is already in the package (for the oil types to
be used, see Paragraph 2.10).

Oil should be preferably be added after the compressor has
stopped or been shut down. Add sufficient oil into the oit
separator to bring the oil level into the sight glass (1 to 3
quarters height) with a hand or electric pump capable of
pumping oil against a pressure of 7 bar.

When the compressor is running use a hand or an electric
pump to add oil through a 100 mesh strainer into either of
the normally plugged connections on each side of the elec-
tric valve actuator in the suction housing of the compressor.
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MAINTENANCE TASK
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HOURS OF OPERATION ')

0-30 200 2500 5000 7500 ETC.
Cieaning of oii pump Fiter and/or renewal of main oil filter (see par. 6.9 X X x X x
Cleaning of suction gas strainer (see par. 6.11) - X X X x
Oil change 2) X p F

Inspection and, if required. replacement of filter element in secondary
oil separator )

Checking coupling alignment and tightening of coupling bolts
Tightening of motor and compressor mounting bolts
Inspection rotor end play

Inspection capacity control valve guide

General overhaul of compresser unit

after 3 years

yearly

yearly

yeariy or 5,000 hours
20.000 hours

after six years or 40,000 operating hours

} Depending on degree of contamination

?) Every three months or 2,000 hours unless using oil analysis. Maximum time six months. Refer to Par. 6.6 “Oil analysis”

3) If fitted

For most of the maintenance tasks, first evacuate the compressor package in order to remove the refrigerant gas.
After completion of maintenance, purge the compressor package.

Oil can also be charged by reducing the suction pressure
below atmospheric pressure and if no hand or electric oil
pump available.

The procedure is as follows:

a) Connect a hose to the oil charging valve on the suc-
tion side.

b) Fill the hose with oil and emerge its free end in a reser-
voir containing a sufficient amount of oll.

c) Close the suction stop valve to such an extent that the
suction pressure falls below the atmospheric pressure.
If necessary, shunt the electric contacts of the mini-
mum suction pressure safety switch (do not forget to
remove this shunting after completion of maintenance
work).

d) Keep the oil charging valve open till the oil in the oil
separator has reached the required level again.
Take care that no air is being drawn in.

e) Slowly open the suction stop valve in order to prevent
liquid carry-over.

f) Remove the hose and replace the cap nut with gasket on
the charging valve.

6.9 MAINTENANCE OF MAIN OIL FILTER, OIL
STRAINER AND OIL PUMP FILTER

Since there are two different oil systems, the GSLP Pack
ages can be distinguished in two designs; with a full-flow oil
pump for systems with a low oil pressure difference of max.
~* 5 bar and with alubrication oil pump (for systems with a
«ch oil pressure difference of 1.5 bar and over.

In general, the maintenance tasks described hereafter can
be used for both package designs.

For flow diagrams needed for tracing of the part identifica-
tion numbers, refer to pages 3.3 to 3.6.

MAIN FLOW OIL FILTER

A warning signal activated by the pressure drop sensing de-
vice, indicates when the main flow oil filter element (20),
due to pollution, requires replacement.

In the case of a single oil filter, the compressor package has
to be stopped.

In the case of a doubile oil filter, the spare fiiter stop valve
must be opened and the stop valves of the poliuted oil filter
closed without stopping the compressor.

To replace the main flow oil filter elements proceeds as fol-
lows:

a) Carry out the shut down procedure in paragraph 7.3.

b) With lubrication-oil pump:
Close the filter isolating stop valves (13), oil pump suc-
tion stop valve (13) and stop vaive (13) in the balance
piston oil supply line.
With full-flow-oil pump:

Close the filter outlet stop valves (13)

c) Open the oil drain valve (12) at the bottomn of the filter
housing and drain the oil.

d) Remove the filter cover and withdraw the filter ele-
ment after removing the lock nut and retaining plate

e) As the oil flows through the filter element from the out-
side inwards, the accumulated sediment should be
removed from the filter housing.

Take care that no dirt enters the outlet line during
cleaning of the filter housing.
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f) Insert a new filter element, refit the retaining plate and
fasten the lock nut.

g) Refit the filter cover. Mind the condition of the sealing
ring so as to prevent leaks from developing later.

h) Close the oil drain stop valve at the bottom of the filter
housing again.

i) Check the oil level in the separator and, if required, top
up oil.

OIL PUMP SUCTION STRAINER

In full-flow oil pump designed packages also the oil pump
suction strainer element (15) requires maintenance. To
remove this filter element proceed as follows:

a) Carry out the shut down procedure in paragraph 7.3

b) Close the filter inlet stop valve (13), the stop valve and
the isolating valves (13).

c) Open the drain valve of filter (15) and catch up the oil
in an oil tray.

d) Withdraw the filter element and clean it thoroughly,
refit the filter in its housing and close the drain valve.

e) Slacken the nipple coupling on top of the filter housing
for a few (two or three) turns and then slowly open the
filter inlet stop valve (13).

f) This oil pump filter housing will be purged now due to
the incoming oil stream. If the oil is leaking via the
slackened nipple coupling, tighten this nipple coupling
and at last, open stop valves and isolating valves (13).

g) To start up the compressor, reverse the shut down
procedure in paragraph 7.3.

6.10 MAINTENANCE OF THE OIL PUMP

Generally the fulf-flow oil pump and the lubrication oil pump,
are free of maintenance. For maintenance, repairing and
servicing the suppliers instructions, supplied to the pack-
ages, should be followed.

6.11 CLEANING OF SUCTION GAS STRAINER

The filtering surface area of the strainer element is sufficient
to ensure effective filtration over many years of operation,
provided that the refrigerant gas system has no worthwile
contamination. The strainer element has to be inspected
and cleaned according to the maintenance schedule of the
package. Should the strainer be clogged due to a very dirty
system, this will show up in reduced compressor capacity.
To clean the strainer element proceeds as follows:

a) Carry out the shut down procedure as in paragraph 7.3.

b) Remove the fasteners from both the suction combina-
tion cover and flanged connection of the pressure
equalizing line and remove he Cover (if necessary.
loosen cover with a “soft” hammer); remove also the
gasket.

c) Careifully withdraw the strainer element from the
strainer housing without damaging the gauze.
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d) Clean the element with a light solvent. Then thorough-
ly dry the element preferably with an air blast.

e) Check the gauze for damage.

f) Insertthe strainer element into the housing, refit the
cleaned or new gasket and place the cover with tight-
ened nuts after the flanges of the pressure equalizing
line are mutually connected.

g) Purge the compressor and at last the refrigeration in-
stallation as stated in the plant manual.

6.12 (RE)ADJUSTMENT ELECTRIC SLIDE VALVE
ACTUATOR

The compressor package is delivered with an adjusted elec-
tric slide valve actuator. Prior to starting the compressor for
the first time, the micro end switches of the electric valve ac-
tuator have to be adjusted so that the adjusting motor is cut
out, as soon as the capacity control slide valve inside the
compressor has reached one of its end stops (maximum or
minimum capacity).

This original setting may have been deranged during work
on the capacity control system, in which event it is necess-
ary to readjust the capacity control mechanism.

To readjust the limit cams proceeds as follows:

a) Disconnect the control cabinet from the electric supply
line.

b) Remove the black knob for manual control by loosen-
ing the internal set screw.

c) Remove the four cover mounting screws and remove
the electric valve actuator cover.

d) Release motor brake.

e) Move the capacity centrol slide valve to the maximum
(fully loaded) position by turning the output shaft clock-
wise with a suitable wrench untill it stops at the maxi-
mum position stop. At the end of this (mechanical)
stop a slight resistance is noticeable.

IMPORTANT

To prevent damaging the ball bearing spindel Do not over-
torque the output shaft!

f) Turn the output shaft one full revolution back.
g) Mark the output shaft end with a felt pen or pencil.

h) if the maximum position cam is loose on the camshaft
or is suspected of having moved relative to the cam-
shaft, carry out steps j, k and I. Otherwise carry out
steps m, n, o and p.

i) Loosen the set screw on the maximum position cam (the
first cam away from the compressor which actuate the
red wired micro switch) with a 3/32 Allen wrench.

j) Rotate the maximum position cam clockwise on the shaft

until the roller switch just opens. Listen for a click or
check electrical continuity with an ohm-meter.

K) Tighten the set screw in the maximum position cam
very tightly to prevent loosening. The capacity indica-
for plate on the end of the cam shaft should read
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maximum. If it does not read in this maximum posi-
tion, loosen the cam set screw and tum the indicator
pointer to the correct number of revolutions as given
in table 4.3 on page 4.8.

l) Check to see the indicator pointer read the maximum
number of revolutions as given in table 4.3 on page 4.8.
Correct the position of the indicator pointer if necessary
by loosening the set screw with a 3/32 Allen wrench and,
after resetting the pointer, tighten the set screw very tight-
ly to prevent loosening.

m) Move the capacity control slide valve to the minimum
for fully unloaded position by turning the output shaft

GRASSO
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counterclockwise the number of revolutions as given
in table 4.3. The indicator pointer should read zero. If
necessary, reset this pointer to zero with an 3/32
Allen wrench.

n) Correct the minimum position cam as given in steps K,
| and m for the maximum position cam.

o) Put actuator in brake position. Reconnect the control
cabinet to the electric supply line and check the
above adjustments with power to the electnc valve ac-
tuator as in paragraph 4.15.

p) Mount the actuator cover and install the four mounting
screws. Start the compressor.

6.13 FAULT-FINDING TABLE

. ne fault-finding table below may be helpful to quickly trace
and remedy failures that interfere with the proper operation

of the package. It is emphatically pointed out that the cause
of a failure must often be sought in the refrigeration installa-
tion itself. Therefore, it is necessary in addition to this fault-
finding table, also to consult the plant operation manual.

FAULT CAUSE REMEDY
A) Compressor will not start 1. One of the safety switches tripped 1. Remove cause. Check setting and
reset
2. No power supply to control circuit 2. Check power supply
3. Minimum position cam slipped 3. Readjust per para. 6.12 and tighten
set screw
4. Minimum position micro switch on actuator 4. Purge system
defective

5. Oil pump defective

or defective

5. Check that the motor is running in
correct direction. Repair

6. Plugged oii strainer in oil pump suction line 6. Clean
7. Start-up oil pressure switch out of adjustment |7. Adjust or repair

B) Compressor shuts down im- |1 Low oil pressure
mediately after starting 2

pressor stops

4. Low suction pressure

3. High discharge pressure

1.See C

. The return valve aiter oit pump leaks excessi- [2. Replace retumn valve
vely, allowing oil to drain from filter when com-

3. Check condenser fan and water
pump and if necessary purge con-
denser

4. Open suction valves. Check capaci-
ty control to see if it unloads auto-

matically
5. High oil or discharge temperature 5.See Fand G
C) Low oil pressure 1. Oil pressure relief vaive and/or oil pressure re- [1. Adjust or repair

2. Plugged oil strainer

w

. Plugged oil filter
4. Low oil charge

gulating valva aut of adjustment or defective

2. Clean strainer
3. Replace filter element

4. Check oil level with compressor shut
down
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FAULT

\CAUSE

REMEDY

C) Low oit pressure (continued)

5. In minimum position, discharge pressure too
low for oil circulation

6. Liquid refrigerant in oil

7. Low oil viscosity

5. Check capacity control cam settings
and actuator motor shaft returns.
Readjust

6. Stop liquid carryover.

Check oil heater. Check low oil safe-
ty switch

7. Change oil

D) High oil pressure

. Oil pressure relief valve and/or oil pressure
regulating valve out of adjustment or defective

2. Oll temperature too low

1. Adjust or repair

2.SeeE

E) Low oil temperature or drops
rapidly

1. Oil cooler capacity too high
2. Liquid carryover

3. Water regulating valve or refrigerant regula-
ting valve out of adjustment or defective

1. Decrease water supply
2. Install liquid separator in suction line
3. Adjust or repair

F) High oil temperature (oil tem-

perature safety switch may
become operative)

1. Oil cooler capacity too low due to:
1a. Pollution

1b. Too little or too warm cooling water

2. Oil cooler regutfating valves out of adjustment
or defective

1a. Clean. Check water treatment

1b. Increase water supply
2. Adjust or repair

G) High discharge temperature
(water cooled only)

1. High oil temperature
2. Plugged oil strainer

3. Abnormal operating conditions, e.g. abnormal-
ly high suction pressure, high suction super-
heat or high discharge pressure

1.SeeF
2. Clean strainer
3. Check system

H) Low suction pressure

1. Suction stop valve not open wide enough
2. Refrigerant charge in plant low

3. Throttte control valve for feeding evaporator
not wide open enough

1. Fullly open
2. Add refrigerant
3. Readjust control

4. Evaporator too much frosted 4. Defrost
5. Suction pressure gauge defective 5. Repair or replace
6. Capacity control not modulating 6. See J

1) High suction pressure 1. By-pass valve remains open 1. Repair

2. Polluted suction gas strainer

3. Throttle control valve for evaporator feeding
not open wide enough

4. Suction pressure gauge defective
5. Capacity conirol not modulating

2. Clean strainer
3. Readjust control

4. Repair or replace
5.See d
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J) Capacity control not operating

CAUSE REMEDY

1. Capacity contro! actuator out of adjustment 1. Adjust per para. 6.12

2. Circuit breaker defective 2. Replace

3. Actuator motor defective 3. Replace

4. Cam slipped 4. Reset per para. 6.12 and tighten set

5. Micro switch defective

screw
5. Replace

K) High oil consumption

1. Excessive oil charge

2. Oil heating element defective (allowing refrige-

rant to condense during an off cycle)
3. Discharge check valve defective
4. Economizer check valve defective

1. Check oil level with compressor off.
Drain excess oil

2. Replace heater

3. Repair or replace
4. Repair or replace

L) High discharge pressure

1. Discharge stop valve not wide open enough
2. Condenser capacity too small due to:

2a. Pollution
2b. Too little or too warm cooling water

2c. Fans out of operation
3. Air in the system

1. Fully open

2a. Clean
2b. Increase water supply

2c. Switch on fans
3. Purge system

4. Discharge pressure gauge defective 4. Repair or replace
M) Compressor vibrating or 1. Liquid refrigerant in suction vapor 1. Check evaporator controls
s 2. Coupling out of alignment 2. Realign
3. Rotor end play excessive 3. See paragraph 7.10
4. Rotor hitting slide valve 4. Check capacity control guide adjust-

ment. See para. 7.12. Readjust or
replace

92.01
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7. SERVICING

7.1 INTRODUCTION

The following paragraphs outline the various servicing pro-
cedures for the Grassoscrew Compressor Packages Series
GSLP.

Most of these procedures can be carried out on site without
the necessity to remove neither the compressor nor the
electric motor from the package base frame. Since the com-
pressor - including slide valve actuator - is assembled with
only UNC-threaded bolts and nuts. it is necessary to use
suitable tools. The fact is that all these bolts are provided
with a decagonal (twelve-sided) head (referred to in this ma-
nual as “Ferry head screw”), which means that box or ring
spanners have to be used instead of open end spanners.

For assistance with any detail of service or servicing of an
item not covered by this manual, please consult Grasso.

7.2 GENERAL RECOMMENDATIONS

fo prevent needless downtime, have available on site all
parts that may be needed to carry out the repair before com-
mencing any work.

To prevent dirt from entering opened components, keep the
surrounds clean and cover the exposed working areas with
plastic whenever possible.

Before cleaning a component with a solvent to remove gum
or resin like deposits, remove all the O-rings as they can be
chemically attacked. Alternatively check the compatibility of
the solvent with the O-rings which are neoprene or Buna-N.
Unfortunately those soivents which most readily remove
carbon deposits (eg thrichlorethylene) rapidly attack both
neoprene and Buna-N. To ensure no traces of solvent will
be left to react with the oil and refrigerant, thoroughly dry
the component with an air blast. Immediately clean every
entirely dismantled component, then check it roughly for
wear or damage and oil the machined surfaces of bright
parts. Oiling these parts is particularly important when they
are not reassembled untii quite some time after. Otherwise
iey are sure to become rusty.

7.3 SHUTDOWN PROCEDURE

WARNING!

Before commencing work on any item on the package, en-
sure that the following are carried out for your own personal
protection.

a) Whenever the compressor is to be shut down for ser-
vice, place warning tags on the electrical system and
the line valves. Others who do not know the machine
may be faulty or is being repaired must not attempt to
stant the compressor until the servicing is complete
and it is ready for normal operation. Exposed electric
wiring must always carry a warning tag even though it
is disconnected from the power supply.

b) Stop the compressor with the stop button on the con-
trol cabinet.

, Disconnect the starter from the power supply.
d) Disconnect the control cabinet from the power supply.

892.01
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e) Close compressor suction stop valve and discharge
stop vaive.

f) 1f the compressor is fitted with an economizer port, close
the economizer stop valve.

g) Relieve the gas pressure in the package by opening
the pressure safety valve on the oil separator to either
a pump out compressor or to atmosphere. If using a
pump out compressor, pull the package pressure to
atmospheric pressure [1 bar(a) on the suction press-
ure gauge] and open the pressure safety valve on the
separator to atmosphere.

h) Leave the pressure safety valve open to the atmos-
phere all the time while working on the compressor.

7.4 BOLT TIGHTENING TORQUES

The tightening torques for servicing the various bolts and
screws used in the compressor are given in table 7.1. All
fasteners (eg. the Ferry head screws) used in the com-
pressor unit, are high tensile Grade 8 only and they must al-
ways be torqued to condition B when the compressor is
serviced.

TABLE 7.1
Fastener Tightening torques in N.m
Dia Pitch Grade 8°°
e T:':‘r::d *Condition
A 8 (o4 D E
114 20 | 163 | 122 | 108 | 81 | 149
5/16 18 34 24 23 16.9 31
3/8 16 61 47 42 31 54
1/2 13 149 108 100 75 134
5/8 " 298 -230 199 149 268
3/4 10 515 380 346 258 464
7/8 9 813 624 545 407 732
1 8 1220 922 818 610 1098

Compressor Package GSLP

TIGHTENING TORQUES FOR THREADED BOLTS

A) Non-lubricated solvent-cieaned and dry
B) Lubricated with rust preventative or zinc piated

C) Lubricated with oil or grease
D) Lubricated with dry lube film or graphite/oil mixture

E) Lubricated with loctite or sealants

7.5 SHAFT SEAL REPLACEMENT (refer to fig. 7.1)

REMOVAL
a) Carry out the shutdown procedure in paragraph 7.3.

b) Remove the coupling guard, coupling spacer and
coupling flange with key from the compressor shaft.
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c) Disconnect oil supply line and drain line from the shaft
seal cover.

d) Loosen evenly the bolts from the shaft seal cover.

e) Remove the shaft seal cover (9). The flange can be
broken loose by tapping with a “soft” hammer.

f) Remove the shaft seal housing (5). Use screws in the
three tapped holes to remove the housing easily. Ifthe
pin (13) is sheared or bent, remove from seal
housing (5).

g) Remove the rotating seal assy by pulling it off the
shaft by hand.

h) If the pin (2) is sheared or bent, remove from drive
ring (16).

PREPARATION

a) The seal has a secondary seal (12) which seals
against the shaft. Check that this secondary seal ring
is uniform around its periphery even though the seal
is brand new.

b) Pliace the seal (4) on a clean flat surface with the car-
bon face up.

c) Check the shaft for any burrs or sharp edges which
could cut the seal when it is later slid over the shaft.
Remove all burrs and brake all sharp edges.

IMPORTANT

Be careful not to let any material get into the bearing area.

d) Inspect and clean the shaft where the seal is going to
be mounted especially in the vicinity of the secondary
seal. Remove oil carbon deposits with a light solvent
(such as mineral or methylated spirits).

e) Clean all parts thoroughly. Wipe off any foreign mate-
rial and use a light solvent to remove old carbon de-
posits. Check all parts for burrs and break any sharp
edges which are found.

) Make sure both the oil supply orifice and the oil drain line
in the new cover (9) are open and the threads are clean.

g) Oil the shaft and the inside of the rotating seal mem-
ber (4) with clean refrigerating oil. Check that the car-
bon face is absolute clean with no surface scratches.

INSTALLATION

a) If a new pin (2) is required, install in drive ring (16) by
tapping with a hammer. Install the seal assy over the
shaft. Slide the seal down the shaft until it contacts
the drive disc (16). Check to make sure that the seal
assy fits over the drive pin (2) .

IMPORTANT

The seal assembly must be started squarely over the shaft
by hand force. If the seal assembly becomes locked on the
shaft, remove and start again. Excessive force should pot
be necessary. Extreme caution must be exercised not to
damage the lapped carbon surface and to keep it clean and
not to damage the inner O-ring of the seal assy.

b) IMPORTANT

Tap very lightly and evenly with a blunt punch or large
screw driver around the seal body casing to move the seal
up against the drive ring. Use care not to hit the carbon.

c) Make sure that the (new) roli pin (13} is mounted in
the seal housing (9).

1. ball beanng

2. drive pin

3.oil overtiow hole
4, shaft seal cage

5. shatt seal housing

6. outlet housing
7. oil supply port
8. O-~ring
9. shatt seal cover
10. carbon slip ring
11. male rotor shaft
12. leflon secondary seai
- | = 13. lock pin
14. coil spring
15. drive disc
16. securing pin
17. oil leakage drain

17 16 15

FIG. 7.1 SHAFT SEAL ASSEMBLY
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d) Mount the seal housing making sure that the overflow
hole (3) is pointing upwards.

e) Inspect the new stationary seal cover (9) for any
surface imperfections and oil the surface with clean
refrigeration oil.

f) Replace the O-ring (8) in cover plate (9) with a new one.

IMPORTANT

Always install a new seal cover plate with a new seal assy.

Mount the new seal cover plate, aligning it with the rolt
pin (13), and tighten the screws diagonally and evenly so
as not to crack the carbon. Tighten the 1/2 inch screws
to a torque of 108 N.m (80 Ibsft).

g) Connect the oil supply tube and the drain line.
h) Run the oil pump to replenish the seal housing.
) Tum the compressor shaft a few turns by hand.
j) Close the pressure safety valve.

k) Open the suction stop valve slowly to pressurize the
package.

[) Check that the seal is not leaking.
m) Open the discharge stop valve.

n) If the compressor is fitted with an economizer pori,
open the economizer stop valve.

o) Mount the coupling spacer and coupling guard.

p) Reconnect the control cabinet to the electric supply
line.

q) Reconnect the starter to the electric supply line.

r) Start the compressor

GRASSND
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7.6 CAPACITY CONTROL ELECTRIC VALVE
ACTUATOR SERVICING (refer to figure 7.2)

The actuator is constructed with an adequately greased
gear case section, this lubricant need never be changed.
however, through disassembly, etc.. should it become
necessary to refill, we recommend use of Esso Beacon
P2390 for - 40 "C to + 65.5 "C or Esso Beacon P325 for -
53.8 "'C ambient temperatures.

The items fo be inspected can be limited to only the checks
of cam settings and micro limit switch settings.

(A) INSPECTION

a) Stop the compressor with the stop button on the con-
trol cabinet.

b) Remove the black knob (1) for manual control by
loosening the internai set screw.

¢) Remove the four cover mounting screws (3) and
remove the electric valve actuator cover (2).

d) Release motor brake by depressing the actuator
brake solenoid (5).

e) Measure live voltage to insure that actuator is receiv-
ing full rated voltage.

f) Check cam/travel limit switch position to insure that one
switch is not made and that the actuator is within its nor-
mal open-close rotation limits. This check can be made
using a volt meter connect between one side of the in-
coming line (common) and one leg of the motor or capa-
citor. This check should show power between common
and one leg only.

Power at the common and both legs or no power at all,
would indicate cam and or wiring adjustment(s) are re-
quired.

=

H .
iy, —l o L
b 10 '
PY_::P--: e et
L R
\

FIG. 7.2 ELECTRIC VALVE ACTUATOR ASSEMBLY

PIVOT SCREW

MICRO ADJUSTMENT CAM ———

FIG. 7.3 CAM/SWITCH ADJUSTMENTS
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g) For cam readjustmeni(s) refer to paragraph 6.12 steps
e to p. In the event that the cam readjustment-proce-
dure does not give the necessary travel control, the
micro-adjustment cam has to be repositioned as
given in step h) after procedure step 1) in para. 6.12.

h) To set travel by adjusting switch plate (refer to fig. 7.3):

O-ring.

- Loosen pivot and micro-adjustment screw. INSTALLATION

- In the event of actuator under-travel, rotate micro
adjustment cam to swing switch outward from the cam
post.

- In the event of actuator over-travel, swing switch into
the cam post.

-~ Tighten pivot and micro-adjustment screw.
- Proceed to procedure step m) to p) in para. 6.12

7.7 CAPACITY CONTROL SHAFT SEAL SERVICING
(refer to figure 7.4)

REMOVAL
a) Carry out the shut down procedure in paragraph 7.3.

b) Loosen the two socket head cap screws (4 in fig. 7.2)
and remove the complete electric valve actuator as-
sembly. The flexible electrical conduit should allow
the EVA to be moved out of the way without discon-
necting the conduit.

c) Remove the three cap screws (12) from the seal
holder (11).

d) Withdraw the seal holder, using care to prevent
scratching the O-ring on the shaft.

e) Remove the two seals (15) from the seal holder.

a) Remove any burrs from the seal holder.

f) Examine the seal for wear, cracks and deformities in the

b) Smear thread sealer on the outside diameters of the

seals to prevent leakage. Be sure to place the seais

deform or bend the seals.

the ball screw shaft.

f) Tighten the three cap screws (12).

i) Close the pressure safety valve.

c) Check to see that the shaft is clean and free from
burrs to prevent damage to the seals.

d) Replace the O-ring (16) in the seal hoider groove.

e) Mount the seal hoider over the shaft and push it into
place, taking care not to damage the O-ring.

g) Mount the electric valve actuator using care to align
the pin in the aciuator shaft with the siot in the end of

back to back as shown in figure 7.4 so they will seal
against either a positive pressure or a vacuum. Press
the new seals into the seal holder using care not to

h) Install the two socket head cap screws (4 in fig. 7.2) to
secure the EVA assembly to the compressor.

12 1N

10 8

[g TR
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FIG. 7.4 CAPACITY CONTROL PILOT VALVE ASSEMBLY
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“pen the suction stop valve and discharge stop vaive.

y ani:/‘Dﬂ' seals for leaks.

1) 1 the compressor is tited with an economizer port, open

the economizer stop vaive.

m) Reconnect control cabinet to the electnc supply lire.

n) O peratethe EVA manually to check its operation as in

paragraph 4.14_ if the limit switches do not stop the
motor at the minimum or maximum position, the cams
musi be reset as In paragraph 6.12.

o) Reconnect the starter to the power supply

p} Start the compressor.

7.8 CAPACITY CONTROL PILOT VALVE ASSEMBLY

{refer to figure 7.4 on previous page)

1) REMOVAL OF PILOT VALVE ASSEMBLY

a) Carry out the shutaown procedure in paragraph 7.3

b) Check thal the capacity controi vaive has returned to

c)

the mimmum or fully unloaded position on shut down
by examining the indicator plate on the end of the
electnc valve actuator. This moves the pilot valve as-
sembly away from the end cover (19), which is a re-
quirement for step j) below.

Loosen the two socket head cap screws (4 In figure
7.2) on each stde of the actuator base plate and
remove the complete electric valve actuator assem-
bly. The flexible electrical conduit shouid allow the
EVA to be moved out of the way without disconnect-
ing the conduit

d) Remove the 3 cap screws (12) trom seal holger (13).

e) Withdraw the seal holder, using care to prevent

f)

]
9)

h)

)

92.01

scratching the O-ring on the shaft

Examine the O-ring for wear, cracks and deformities and
if necessary replace the O-ring as in paragraph 7.7.

Fit a strap or chain wrench around the end cover cir-
cumierence (19).

Turning the strap or chain wrench in the counter ctock-
wise direction, unscrew the end cover (19) from the
capacity control cylinder (3).

When the end cover is loose from the capacity control cy-

linder. pull the end cover by hand away from the com-
pressor. The pilot valve assembly (consisting of valve
plaie (20). pilot vatve (6), piston (4) and ball nut (10) is
pulied foward the maximum or fully loaded position in the
end of the hydraulic cylinder by the ball screw (which is
altached at one end (o the bali nut and at the other eno
to the end cover). Pull the end cover far enough for ac-
cess 10 the three shouider screws {21) on the valve plate
(20) or unti the piston comes to a stop agasns: {he retain-
ing ring (24) attached to the hydrauiic cylinger (2).

Remove the three shoulder screws (21) with an Allen
wrench, using care not to bend or damage the pilot valve
‘6) connected 1o the vatve plate (20}.

Compressor Package GSLP

e and pilo! valve loose from the pISs-
d cover and ball screw complete
ly of valve plate. pilot vaive and
[4 and locating plate (7) wilt re-

k) With the valve plat
ton. remove the en
with the subassemb

y [ NI

Ls. ’ J’UW ‘ liwc{e? :

main behind in the end o1 e Cy
I) Remove the O-ring (23) from the end cover
(B) DISASSEMBL Y OF PILOT VALVE ASSEMBLY
a) Remove the snap nng {18)

b) Remove the ball screw (1) with attached bearing (17)
from the end cover. Support the end cover on wooden
supports with tne ball screw hanging down and tap
the end of a screwdriver inserted into the end slot of

the ball screw

c) Remove the retaining snap ring {14) and support ring
(13) from the ball screw.

a) Remcve the bearing (17) from the ball screw by sup-
porting the outer race and lightly hitting the end of the
shaft

e) Remove the E-rings (8) from the pilot valve (6)
I) Remove the pilot valve from the valve plate.
g) Remove tne roll pin (9) from the valve plate.

n) Unscrew the valve plate from the ball nul.

IMPORTANT

Do not attempt to unscrew the ball screw shaft from the ball
nut

1) I 11 1s not required to remove the hydraulic cylinder and
piston. proceed to (E) next page.

(C) REMOVAL OF HYDRAULIC CYLINDER & PISTON
a) Remove the pilot valve assembly as in (A) before.

b) Loosen the cylinder (3) by turning i counterciockwise
witn a strap wrench. Remove it carefully.

c) Remove the slide ring (5) and back up O-ring (27)
from the piston (4),

d) Remove the three screws (22) holding the locating
plate (7) to the piston (4).

e) Remove the iocating plate.

1) Remove the internal retaining snap ring (24).

g) Side the piston oft the capacity control vaive rod (2).
The piston rod shim (25) and the O-ring (26) behind
the retaining nng will be pushed out by the piston

h) Remove the O-ring (28) from the piston rod (2).

(D) INSTALLATION OF HYDRAULIC CYLINDER & PISTON

a) Ciean and inspect all the parts and replace as necess-
ary. Examine the hydraulic cylinder for any uneve-
ness in the sliding surface

b) Mount a new O-ring (28) on the piston rod (2)
¢) Mount the piston (4) on the rod
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d) Install a new O-ring (26), piston rod shim (25) and re-
taining ring (24).

@) Mount the piston locating plate (7) on the piston with
the roll pin (29) in the end sioi at the bottom of the pis-
ton rod.

f) Install and tighten the three screws (22) hoiding the locat-

ing plate to the piston. Use Loclite 242 on the screw
threads.

g) Mount a new O-ring (27) and slide ring (S) on the pis-
ton. Lightly oil the O-ring and adjacent surfaces.

h) On GSL165. 180 and 240 compressors only, install a
new O-rning on the cylinder (3). Lightly oil the O-ring.

i) Screw the cylinder (3) into place using care not to
scralch or cut the slide ring (5).

(E) ASSEMBLY OF PILOT VALVE

a) Clean and examine the ball screw (1) for wear (includ-
ing the end siot) and if necessary replace both the
ball screw and ball nut (10)

b) Clean and examine the remaining parts and replace
as necessary.

c) Screw the valve plate (20) onto the ball nut (10).

d) Drilt a hole 3/16 inch 1n diameter, 6 mm (1/4 inch)
deep in the valve plate adjacent to the ball nut and in-
sert a roll pin (9) tc prevent the ball nut rotating and
unscrewing from the valve plate.

e) Mount the pilot valve (8) in the valve plate.

f) Secure the pilot valve with E-rings {8) on either side of
the vaive plate.

g) Install the bearing (17) on the ball screw shaft. A light
press is required on the bearing inner race.

h) Lock the bearnng on the shaft with a support ring (13)
and a retaining snap ring (14).

i) Install the bearing into the end cover (19) with a light
press fit.

]) Secure the bearing wiih the retaining snap ring (18).
(F) INSTALLATION OF PILOT VALVE ASSEMBLY

a) Mount a new O-ring (23) on the end cover (19).

b) Insert the pilot valve (6) through the locating plate (7)
into its bore in the piston and mount the valve plate to
the piston.

c) Install the three shoulder screws (21), using care not
to bend or damage the pilot valve (6). Use Loctite 242
on the screw threads.

d) Screw the end cover into the hydraulic cylinder.

e) Tighten the end cover with a bar between the two 3/8
inch - 16 UCN 50 mm (2 inch) long screws inserod
into the tapped holes for the cap screws (12). Use
care not to damage the oall screw shafi.

f) Mount the seal cover (11) complete with the two back to
back seals (15) and the O-ring (16) as in paragraph 7.7.

g) Mount the electric valve actuator using care to align
the pin 1n the coupling with the slot in the end of the
ball screw shaft.

h) Install the two socket head cap screws {4 in fig. 7.3).
i) Jumper the low oil pressure switch.
1) Connect the control cabinet to the electric supply line.

k) With the main motor power disconnecled, and the con-
trol cabinet energized to simulate operations, check
the electric valve actuator switch settings as in para-
graph 4.14.

I) Remove the jumper irom the low oil pressure swiich.

m) Close the pressure safely valve

n) Open the suction stop vaive and discharge stop vaive.

o) It the compressor s fitted with an economizer pon,
open the economizer stop valve.

p) Reconnect control cabinet to the electric supply line.
) Reconnect the starter to the electric supply line.

r) Start the compressor.

7.9 ROTOR END PLAY INSPECTION

The condition of the thrust bearings can be determined by a
simple measurement of the rotor end play. A predetermined
force is applied to the end of the shaft and the axial move-
ment of the shaft is measured.

FIG. 7.5 MEASUREMENT OF ROTOR END PLAY ]’
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TABLE 7.3 ROTOR END PLAY TOLERANCES

MEASURED END PLAY

CONDITION AND ACTION

(0.0005 10 0.0010 inch)
0.0127 to 0.0254 mm

Beanngs are sound.

{0.010 10 0.0020 inch)
0.0254 t0 0.0508 mm

Bearings are questionable. Remove the coupling, piping, shaft seal and outlet cover as in section 7.11.
Iinspect the out board bearing raceway and rolling elements for visible damage (eg pit marks, scoring or
loose cages). Re-inspect every 1,000 hours if no sign of pitting or scanng.

(0.0020 inch and above)
0.0508 mm and above

Remove the coupling, piping, shaft seal and outlet cover as in paragraph 7.11. Inspect the outboard
beanng raceway and rolling elements for visible damage (eg pit marks, scoring or locse cages). Push the
rator by hand (50lb or 200 N on the lever) to the discharge end of the compressor. Measure the
clearance between the end face of the rotor and the discharge housing by inserting feeler gauges
through the discharge port with the capacity control siide valve in the maximum positon. This clearance
shouild be (0.002 inch to 0.005 inch) 0.0508 mm to 0.127 mm for all models.

Contact Grasso with the measurements of both the end play and the rotor axial clearance and the
compressor seriat number as the thrust bearings may have to be replaced.

a) Carry out the shutdown procedure in paragraph 7.3. qg) Reconnect the control cabinet to the electric supply line.

) Referring to fig. 7.5, remove the male rotor inlet bear- r) Reconnect the starter to the electric supply line.

ing cover including O-ring by removing the bolts. Use
screwdriver to part the cover from the inlet housing.

s) Start the compressor.

c) Install an eye bolt from table 7.4 in one of the tapped TABLE 7.4 EYE BOLT DETAILS
holes which is exposed on the end of the balance pis-
ton. Screw in an eye bolt from table 7.4 in place of the Rotor eye toit Housing eye bolt
screw taken out of the male rotor inlet bearing cover. -
) Thread Pitch Shank | Thread Pitch Shank
d) Install a second eye bolt from table 7.4 into the inlet Mogel dia. length dia. length
RRBEUIC) thread/ thread/
Y rea . . R
e) Install a (three inch) 76.2 mm contact point extension on el inch e g inch [ne]
a dial indicator.
GSL6S 5/16 18 35 12 13 1.5
f) Mount a magnetic dial indicator on the compressor
casting with the contact point of the dial indicator C(S;SSLL18255 a/8 16 4.0 12 13 15
touching the male or female rotor, depending on
which rotor is being checked. GSL165
g) Set the dial indicator reading to zero. ggt;gg AR 16 o 30 &l L
h) With a (3/4 inch) 19 mm diameter by (one foot) 305 mm
, long bar placed through both eye bolts and by using the 7.10 THRUST BEARING INSPECTION
, eye bolt in the inlet housing as a fulcrum, apply hand
force [approx. (S0 Ibs) 220 N) using a back and forth A) REMOVAL OF OUTLET END COVER (refer to figure 7.6)

movement to create end play (see figure 7.5 for a typical

set up).

i) Read the end play movement on the dial indicator when
the hand force is applied to the bar.

a) Carmry out the shut down procedure in paragraph 7.3.

b) Place the capacity control slide valve in the maximum
position by rotating the output shaft clockwise (ma-
nually or with a suitable wrench after pulling out the

j) Compare the rotor end piay with the tolerances in table black knob).

7.3 above.

K) After one rotor is checked, follow the same procedure for

the second rotor.

I} Reassemble parts with new gaskets and O-rings (eg
cover and (fe)male rotor inlet bearing).

m) Tighten the ferry head screws to the torques for
Grade 8 condition B fasteners in table 7.1 in para. 7 4.

n) Close the pressure satety valve.

o) Open the suction stop valve and discharge stop valve.

c) Remove the coupling guard.

d) Remove the coupling spacer (incl. plate packs), the
rotor coupling flange and key.

e) Do not move either the compressor or the motor.

f) Remove the high discharge temperature thermostat bulb
from the discharge pipe.

g) Memove the discharge pipe between the compreasor
and the oil separator.

h) Remove the discharge pressure stop vaive from the

., if the compressor is fitted with an economizer port, outlet cover and disconnect the shaft seal oil supply

open the economizer stop valve.

92.01
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1) Loosen evenly the bolts between the shaft seal cover
and the outlet housing.

j) Remove the shaft seal cover (9 in fig. 7.1). Break the
flange loose with a rubber hammer.

k) Remove the seal housing (5 in fig. 7.1). Use screws in
the three tapped holes to remove the housing if
necessary.

I) Remove the rotating seal by pulling it off the shaft by
hand.

m) Remove the oil supply line to the square cap which
supplies oil to actuate the capacity control slide valve.

n) Remove the four Ferry head screws from the square
cap. Twist (to break any binding of the oil supply tube
so it can come out with the cap) and remove the
square cap.

o) The oil supply tube may come out attached to the cap.
if not, pull out the oil supply tube from the compressor
by hand through the discharge port.

FIG. 7.6 REMOVAL OF OUTLET END COVER

p) Remove the Ferry head screws from the circum-
ference of the outlet cover including the screw(s) in
the discharge port.

q) Jack the outlet cover away from the discharge hous-
ing using three screws in the specially provided
tapped holes in the flange of the outlet cover.

r) Maintain the outlet end cover as parallel to the outlet end

as possible to prevent damage to the dowel pin holes in
the cover.

§) Remove the outlet cover using care to avoid any contact

between the outlet cover and the male rotor shaft. Lift
the cover away from the compressor through the coup-
ling space between the compressor shaft and the motor

shaft.
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f) Preventdirt from entering the compressor by covering

the discharge end with plastic or a clean cioth.

B) INSPECTION OF THRUST BEARINGS
(refer to figure 7.7)

FIG. 7.7 INSPECTION OF THRUST BEARINGS

a) Inspect the raceway and roiling elements of the out-
board bearings for pit marks or scoring and loose
cages. Use a flash light and mirror as necessary.

b) Examine the raceway and rolling elements of the in-
board bearings using a flashlight and mirror. Although
these inboard bearings are difficult to examine vis-
ually, do not remove the locknuts and outboard bear-
ings for better access.

c) Contact Grasso if at all in doubt about the condition of
the thrust bearings.

d) Inspect the capacity control valve guides as in para-
graph 7.11,
C) INSTALLATION OF THE OUTLET END COVER

a) Make sure the discharge end of the compressor is
clean and no dirt has entered the compressor.

b) Clean the outlet cover flange and and the outlet bear-
ing housing or discharge housing.

c) Install a new O-ring into the groove in the flange of the
discharge housing. Keep the O-ring in place by
apllying a little grease in the O-ring groove.

d) Smear a film of Locktite 515 on the flange face of the
outlet cover.

e) Lift the outlet cover into place avoiding any contact
with the male rotor shaft.

f) Secure the outiet cover with two Ferry head screws in
the top half of the outlet cover.

g) Install the dowel pins.

92.01



h) install the screws around the circumterence of the out-
let cover and lighten to the torque for Grade 8, Condi-
tion b bolts In table 7.1 in paragraph 7.4.

i) Make sure the new bolt seals are used under the head of
the screws which are mounted through the discharge
port of the outlet cover.

) Install a new O-ring on the oil supply tube

k) Insert the oil supply tube into the compressor.

I) Install a new O-ring in the square cap.

m) Install the square cap with the tour Ferry head screws
n) install the oil supply line to the square cap.

o) Prepare the shatfi seal parts and shalt as in para. 7.5.
p) Install the shaft seal as in paragraph 7.5.

q) Install the discharge pressure control tubing in the oul-
let cover

r) Install the discharge pipe with new flange gaskets

s) Install the discharge temperature thermostat bulb in
the discharge pipe.

t) Install the coupling as in paragraph 4.6 |nstall the coup-
ling guaro

u) Close the pressure sailely vaive.

v) Open the suction stop valve and tke discharge stop
valve.

w) If the compressor Is fitted with an economizer port,
open the economizer stop valve,

x) Reconnect the control cabinet to the electric supply
line,

y) Reconnect the starter to the electric supply line

GRaASSO
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7.11 CAPACITY CONTROL VALVE GUIDES
INSPECTION (refer to tig. 7.9)

The capacity control valve is positioned and kept from rotat-
ing and therefore touching the rotors by a capacity control
valve guide. This 1s a separate valve guioe mounted loose
on the end of the stator and has two machined shoes sup-
porling each upperside of the valve. The piston also assists
in positioning the sfide valve. The bore through which the
piston 1s moving i1s machined to very close clearance and
therefore prevents the valve from moving vertically upwards

into the rotor.
A) INSPECTION
a) Carry out the shutdown procedure in paragraph 7.3

b) Place the capacity control valve in the maximum posi-
tion by rotating the output shaft clockwise. This pre-
vents the capacity control valve from being knocked
when the outlet end cover is removed

c) Remove the coupling. piping, shaft seal and outlet end
cover as in paragraph 7.10.

d) Return the capacity contro! valve 1o the minimum or
fully unloaded position by rotating the output shatt
counterclockwise. This moves the capacity control
slide valve out from undemeath the rotors for visual in-
spection

e) Examine the capacity control stide vaive for wear and
contact marks from the rotor. If there has been any
contact between the rotors and the valve it will appear
as contact marks on either or both ot the top surfaces
of the valve, If there are any contact marks on the
valve the vaive guides (4) will have to be readjusted.

f) Check the clearance between the vaive guide and the ca-
pacity control valve. Insert equal thicknesses of feeler

FIG. 7.8 CAPACITY CONTROL VALVE GUIDE

CAPACITY CONTROL VALVE GUIDES
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gauges on each side of the valve between the valve guide
surface and the valve as close to the outside edge of the
valve as possible. This is shown as position C in figure 7.8.
If the clearance exceeds (0.0025 inch) 0.0635 mm on each
side, the valve guide has to be adjusted.

B) INSTALLATION AND ADJUSTMENT OF VALVE
GUIDES

a) Remove the valve guide by unscrewing the four cap
screws (5).

b) Clean the face of the valve guide where it mounts on
the stator.

c) Rotate the rotor such that both the male (not shown)
and the female lobes (shown) are near the outer
edges of the capacity control valve.

d) Insert equal shim thicknesses (eg feeler gauges)
through the discharge port between the valve and the
outside diameter of each of the rotors, to rotate the ca-
pacity control valve to the correct angular position
relative to the rotors.

e) Place loctite 515 on the valve guide surface that will
be mounted on the stator.

f) Mount the valve guide (4).
g) Place loctite 242 on the threads of the cap screws (5).

Page 7.10

h) Install and sug up the cap screws (5) by hand.

i)

)

Insert feeler gauges of (0.002 inch) 0.0508 mm between
the stator and each side (near the top) of the valve to
center the valve in the stator.

This is shown as position B.

Insert feeler gauges of (0.001 inch) 0.0254 mm between
each guide shoe (2) and the surface of the valve . This is
shown as position C.

k) Press down evenly with one hand on top of each

guide shoe (2) to make sure that the guide shoes are
seated in full contact with the (0.001 inch) 0.0254 mm
feeler gauges and (in turn) the valve surface.

Tighten the cap screws (5) gradually and evenly. This
will minimize any shifting of the valve guides as the
screws are tightened.

m) With the valve guide in place, remove all the shims

and all the feeler gauges from positions A, B and C.

n) Move the capacity control valve by hand to ensure it

moves freely. Make sure that the circular poriion of
the valve does not hit the guide.

o) Install the outlet cover, shaft seal, piping and coupling

Compressor Package GSLP

and start the compressor as in paragraph 7.10 (C)
item v) through y).
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