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Compressor Assembly,sectional view
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Cylinder assembly,exploded view




Compressor assembly,exploded view
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MYCOM RECIPROCATING COMPRESSOR PARTS LIST

Description

Crankcase

Crankshaft for cast iron piston
Crankshaft for cast iron piston (white)
Drag crank

Pulley key

Fiat washer, pulley

Lock washer, pulley

Screw, pulley hub

Main bearing head

Gasket, main bearing head

Screw, Hex. head cap (short)

Screw, Hex. head cap {long)

Main bearing

Pin, main bearing

Assembly, cuno-filter

Gaskel, cuno-filter cover

Bolts, cuno-filter cover

Cuno-filter case for 12B, 12-4B only

Gasket, cuno-filter case for 128, 1248 only
Bolts, cuno-filter for 128, 12-4B only

Cil charge and drain vaive

Cil relief valve

Reguldting valve, oil pressure

Bearing head _

Gasket, bearing head

Screw, b;aring head

Cover plate

Gasket, cover plate

Screws, cover plate

Thrust beaﬁng

Washer, each 6 p'cs, thrust bearing
Screws, each 6 p'cs, thrust bearing
Assembiy number, shaft mechanical seal
{including No. 33, 39, 41 & 42)

Shaft seal collar

Assemnbly parts, double seal collar for
halocarpon refrigerants only

Index Nao.

34
35 %
36 *
37 *
38 *
39
40
41
42
43
44
45

46
47
48
45
50
51
52
53
54
55
56

57
58
59
60
61
62
63
&4
&5
66
67 *

68
69
70

Description

Fixing ring

Floating seat

Stop pin

Q" ring

Spring

Y0 ring, snaft seal collar
Locknuts, each 2 p’cs

Shaft seal ring

“Q’ ring, shaft seal ring
Helical springs

Roll pin

Handhole cover A, with fittings and oil sight
glass connections

Handhole cover B, without oil sight glass
Gasket, handhole cover
Bolts, handhole cover
Head cover

Jacket, head cover

Gasket, head cover

Bolts, head cover

Name plate, head cover
Bolts, name piaté

Gasket, name piaie
Assembly number, oil pump, consists of 56,
57 & 60

{discontinued number)

“O" ring, oil pump
Gasket, oif pump

Bolts, each 6 p'cs, oil pump
Cy[i'nder sleeve

Cam ring, leftward sloped
Cam ring, rightward sloped
(discontinued number)
Rezainir;'g ring

Gasket, cylinder 4

“Q” ring, cylinder sieeve for compound
compressor high side only

Lift pin
Spring, lift pin
Split pin, lift pin

Suction vaive




72
73
74
75
76 *
77

78
79
80
81
82
&3
84
85A
858
86
87
838
89/98
99
100/107
108 *
109
110
111
112
113

14
115

116
17
118
119
120
121
122
123
124 *
125/134 *
135/141
142
143
144

Spring, suction valve

Valve piate

Cage guide, discharge

Bolts, discharge cage guide

Assembly number, connecting rod
Assembly number, connecting rod, needle
bearing

Boits, connecting rod

Washer, bolt

No. 1 nut,

No. 2 nut,

Bushing, connecting rod

Bushing, connecting rod, needle
Bearing half

Piston, cast iron

Piston, cast iron {white)

Pin, piston

Lock spring, piston pin

Piston ring set

{discontinued number)

Qil ring

(discantinued number)

Assembly number, discharge valve set
Cage, discharge valve

Discharge vaive

Seat, discharge valve

Boit, discharge valve seat

Nut, discharge valve,

Nut with groove, discharge valve )
Spiit pin, discharge valve, befare July
1969

Spring, discharge valve

Spring, safety head

Screen supporter, oil strainer

Screen, ol strainer

Screw, oil strainer

Cover, oil strainer

Gasket, oif strainer cover

Screw, ofl strainer cover

Stop valve, oil charge, before July 1969
intermediate bearing, for 128, 1248 only
Push rod, unloader, Please inform length.
Spring, unloader device

Washer, push rod

Screw, push rod hub

145
146
147
148 *

149
150
1511153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185 *
186/196
197
198 *
199 *

Unloader piston

Cover, unloader piston

Gasket, unloader piston cover
Seat, unloader piston cover,
before 1971

Screw, unloader piston cover
Screw, allen headcap, unloader piston
(discontinued numbers)
Strainer, suction
(discontinued number)
Screen, suction strainer
{discontinued number)
Spring, suction strainer

Snap ring, suction strainer
{discontinued number)

Cover, suction end

Gasket, suction end éover

Screw, suction end cover

Glass, oil sight

"0 ring, oil sight glass

Gland, oil sight glass

Screw, oil sight glass gland

Elbow, discharge

Gasket, discharge elbow, in low -
crankcase side

Bolt, discharge elbow

Stop valve, air purging

Gasket, discharge stop valve inlow
Stop valve, discharge side

Bolt, discharge stop valve

Scale trap

Gasket, scale trap inlow crankcase side
Bolt, scale trap

Screen, scale trap

Cover, scale frap

Gasket, scaie trap cover

Screw, scale trap cover

Stop valve, suction side

Bolt, suction stop valve

Gasket, suction stop valve

Assembly number, oil cooler

Qil cooler, {Parts not be supplied separaiely)
Assembly number, thermometer, high side
Thermometer body, high side

Assembly number, thermometer, low side




200 * Thermometer body, low side

201 *  Assembly number, thermometer, high stage
low side

202 *  Thermometer body, high stage low side

203 *  Assembly number, thermometer, low stage
high side

204 *  Thermometer body, low stage high side

205 *  Solencid valve

206 {discontinued number)

207 *  Vaive, unloader

208 Hahger bolt

209 Assembly number, by-pass valve

210 *  Qil pressure gauge, 75 mm dia.

211 *  Qil pressure gauge, 100 mm dia.

212*  Nipple, oii gauge

213 *  Safety valve, external

214 Plug, 3/4"

Remarks:
1. Please state the serial number of the compressor for which replacement paris are being ordered.
2. If the serial number is not available, it is necessary 1o indicate the compressor model number, the type of refrigerant

used, and the date of the bill of lading for the compressor,
3. No. 77/83 connecting rod and No. 186/196 oii cooler will be supplied as assembly.

4. The parts number marked * in the index colume are not shown in the exploded drawing. These parts are for special
application depending on the type of refrigerant used or other non-standard condition.
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SERVICE MANUAL OF MYCOM MULTI-CYLINDER REFRIGERATION COMPRESSOR

CHAPTER 1. CONSTRUCTION

1. General Design

The Mycom multi-cylinder compressor is small and light-
weight, and reduces required floor space and weight
per unit of refrigerating capacity. It is so designed that
capacity control is achieved automatically by an unloader
mechznism which is operated by regulating the suction
pressure. In starting, the load is automatically reduced by
this mechanism, enabling the compressor io start with
minimum torque. The load is applied only after the
compressor attains its working speed, thus reducing the
load en the motor. This means that it can be operated by a
motor of smaller capacity than any of its counterparts,

[ts speed is 3 to 4 times that of the vertical compressor but
its operation Is comparatively noiseless thanks to the
dynamic balancing system employed. Various refrigerants
can be used simply by changing 2 few parts.

Mycom compressors are divided into two series, One is
model A having 3.75" bore and 3" stroke, and the other is
model B having 5.125" bare and 3.9375" stroke, These are
also divided into two types: single stage and two stage
{compound), The construction of the compound compres-
sor is the same as that of the single stage compressor except
that the former has two discharge and suction sections,

All parts are fabricated by the limited gauge system and are
interchangeable, The replacement of parts can be achieved
in a matter of minutes during periodic inspection or when
repairs are necessary. All products are shipped only after
severe factory performance tests.

Please note, however, that this compressor's superior
characteristics cannot be displayed if it is not properly
handled. Careful reading of this operating manual will
insure correct operation and maintenance of Mycom
COMpressors,

2. Mechanism
2.1. Gas compression mechanism

2.1.1. Single stage compression (Ref. Fig. 1)

The refrigerant vaporized in the evaporator, enters the scale
trap (2) through the suction stop valve (1) of the
compressor, where scale is removed by a screen instailed
inside the trap. It then passes through the suction strainer
{3} and enters the crankcase suction chamber {4). When the
piston (S) starts a suction stroke, the pressure in the
cylinder sleeve (B) drops, allowing the gas in the suction
-chamber 1o enter the cylinder after pushing up the suction
vaive {7}. When the piston begins its upstroke, the suction
valves are closed and the gas is compressed. When the gas
pressure becomes higher than the pressure in the discharge
section, it pushes up the discharge valves (8) and the

compressed gas is sent into the discharge section. |t is then
discharged through the discharge elbow (9} and sent to the
condenser.

@

T Discharge

Suctionﬂ
:

fm
< i

[

4
|

Fig. 1 Compression mechanism

Modeals A & B are of the same construstion

Sy

2.1.2. Compound compression
(Two stage compression by a single compressor)

The compound compressor is constructed with two suction
chambers and two discharge ports and the interior is
divided into two divisions in order to perform the functions
of two single stage compressors,

Two cylinders of the compressor function as the high stage
while, depending on the size of the compressor, the other
four or six cylinder work as the low stage. Viewed from the
oil pump side, the low stage cyiinders are on the right side
of the compressor. (Ref. Fig. 2) The suction chamber and
the crankshaft chamber are conrected by 2 pressure
equalizing hole of 6mm dia, and another Smm dia, hote is
found between the bottom of the suction gas chamber and
the crankshaft chamber which serves as a drain for oilk
returned from the evaporator and to prevent foaming.

The high stage side is located on the same side as the oil
cooler. The high side suction chamber is separated from the
low side suction chamber by a wall and airtightness is
maintained by the use of an 0" ring in the lower end of
the cylinder sleeve, The cylinder is thus sealed off from the
crankshaft chamber as this suction chamber reaches a
mediate evaporative pressure during operation.




Groove for "O" ring

Suction chamber

Suction chamber
[low stage side}

{high stage side)

Qil drain hole

Qilrewsnpipe
for high stage

suction chamber
{outer mounting}

Fig. 2 Sectional view of crankease, compound type

From the oil drain in the high side suction chamber piping
is led to the low stage suction chamber for the purpose of

cycling any oil which coilects in the high side chamber, This -

“Q* ring, OAS08 for 42A & 62A 5
0Aa828 for 428 & 628

2.2. Safety head and valve mechanism

The safety head spring is compressed between the head
cover and the discharge valve assembiy, It serves to prevent
damage resulting from liquid hammer caused by refrigerant,
oif, or foreign matter entering the cyiinder by absorbing
abnormal pressure.

Crankshaft chamber

1
qi
B
. / e
)< (8
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8 ; BN 5
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flow is regulated by a manually operated stop valve. Oil -

from the high side passes to the low side and thence to the
crankcase through the oil drain at the bottom of the low
side suction chamber. The pressure differential between
high and low sides pushes the oil through the pipe. Care
should be taken not to open the stop valve mare than a
quarter turn as this may result in gas of medium pressure
flowing into the low side. Please note however that if the
valve is completely closed the high side suction chamber
will fill with oil and oil hammering will occur.

Special note should be taken that when a compound
compressor is being used for single stage operation it is
necessary to reduce the pressure in the low stage suction
chamber periodicaily in order to permit accumulated oil in
the high side to flow o the low side.

Fig. 3 Sectional view of valve mechanism

1.  Head cover

2. Safety head spring

3. No, 2 nut, discharge valve
4. No. 1 nut, dischargs valve

5. Bolt, discharge vaive fastening
6. Cage, discharge vaive
7.  Spring, discharge valve

8. Discharge valve
9. Discharge valve seat
10.

Cage guide, discharge vaive
11.  Boit, discharge valve cage guide fastening.
12. Valve plate
13.  Spring, suction valve
14, Suction valve
15.  Piston ring
- 16.  Piston
17.  Cylinder sleeve
18,  Gasket, cylinder sleeve
2.3. Unloader mechanism

Operation of the mechanism is controlled hydraulically by
mezns of either a manual valve or a solenoid valve, Fig, 6
shows the unloader mechanism in a lpaded condition, oil
pressure being applied o its piston. Figure 5 shows the .
unloaded condition of the meghanism where no oil pressure
is applied and the piston is pushed back by spring force.
The push rod then begins to operate, rotating the cam ring |
right to left.
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na load
’

Ot pressure

Fig. 4 Unloader mechanism

Unioader piston
Allea screw, push rod
Washer, push red
Spring, unloader davice
Unloader push red

" Camring
Liftpin

N s W

The cam ring has a slant cut and |ift pin produging vertical
movement along the slant face. The lift pin pushes up the
suction valve or the ipper surface of the sieeve,

Fig. 8 Unloader mechanism in loaded condition

Consequently, gas escapes t0 the suction side even if the
piston starts compression strokes. This indicates that the
unloader mechanism is in an unloaded condition {Ref. Fig.

5).

On the contrary, when the lift pin is lowered and the vaive
is operating on the seat surface, the unloaded mechanism is
in a loaded condition (Ref. Fig. 6).

As oii pressure from the oil pump is applied to the unloader
mechanism through a throttle nozzle, the unloader
mechanism returns to an unloaded condition if the oil
pressure is released by closing the manual valve or opening
the soiencid valve while it is operating.

Since 1968, the support ring has been omitted so it is not
necessary to disassemble the unloader section at the time of
disassembly of the cylinder section. This revised type hasa
mark on the inspection marking surface of the crankcase
body. s

The unloader piston cover {Ref. Fig. 7) has a manual vaive
or 2 solenoid vaive mounted externally,

{1) Unloader soienoid valve (2} Unloader manual valve

v
il
pressure i

To crankcase

(1} Solenoid valve operation
joad ... by closing
no load ....... by opening

(2) Manual valve operation
load e turn to right
no load ....... turn to left

Fig. 7 Standard type unloader cover and manual valve

The unloader piping of models 12B and 12-4B is internal
and 2 special piston cover is utilized as shown in Fig.
Fig. 8. Unioading is achieved by opening the manual valve
or salenoid valve while loading is achieved by the closing of
these valve, )

Capacity control for single stage operation is direqily
proportionate to the displacement volume, while for a
compound or two-stage operation it is reduced by the °
displacement volume of the low stage side. The ratic of
displacement volumes of the high stage and the low stage
changes zs follows.

62A,62B L:H=3:1-2:1~1:1
424,428 L:H=2:1-1:1




2.4. Lubrication mechanism

Lubrication oil is pressure-fed and circulated by means of
an oil pump (Fig. 8} employing a trochoid gear. The pump oil
is driven directly off the crankshaft. An arrow on the cuter discharge
rim of the pump assembly indicates direction of rotation.
}

1 R
@ suction

Fig. 11 il pumping sequence

2,41, Oil Flow for Model A

Lubricating oil from the crankcase is drawn through the oil
strainer by the pump and then force-fed to a multiplate ]
type cuno-filter. (Compressors for marine use are equipped

with an oifl tank which feeds the oil pump except for model

2A which functions in the same manner as the standard
compressor.) :

Oi! from the cuno-fiiter follows two paths; one for
lubricating the compressor, and the other for operating the
untoader mechanism. Lubricating oil passes through the oil’ !
cooler and thence to the crankshaft seal. From the seal, the
oil passes through the thrust bearing and crankshaft where ! _
it lubricates the connecting rod bearings and main bearing,

Fig. 8 OilPump assembly

The oil pressure regulating valve is mounted at the extreme
end of the lubricating path. Thus the oil pressure gauge
indicates a pressure siightly lower than that at the main
lubricating peints along the path. The pressure differential
of pump outlet and oil pressure regulating valve is approx.

0.5 kgfcm?
OP switch
Fig. 9 Oil pump assembly for 12B & 12-4B l l ———r- --—
...—J Oil cooler ’__...__
>
Qil pressure < U
gauge . :rg = . ] !
G} - I3 5 Piston
\ -2 Connecting rod
Cuno-filter BIS g ¢ Crankshaft £ Shaft sealing
] | i
f _
: 3 _I'____br ‘$ : !"H
1 R I
= : s o
1+ lof v——“ZJE:j oil filter N
= oit step | —— . _Z!
= walve — =
N — Unloader mechanism

Oil tank 1—-@ :

Fig. 12 OQil flow chart for model A

Fig. 10 Compressor rotation direction plate




a} Oil level in the crankcase may be checked by means of

ﬁi.tered oil

' e D &
oil -

from the pump.~

Fig. 13 Cuno-filter mechanism

24.2. Qil flow forMods{ B

o
. Qi cooler

b bt

QP — ———

switch_] o, | ! AN
- relief valve - A )

Cune-filter ; ' f

Qil pressu're
gauge

.‘:

&)

T‘"‘%

L | S T
4 i+ ] Main bearins“ 5 [-If-'"J
Oil pressute | * . i 2 F‘I :
regulating vaive L Y= 6 strainer E_J
—_——— — —=
L——i—ﬁ{ﬂumoader =
Oil charge/drain 1

valve =

the oil sight giass mounted on the hanrdhole cover. The
handhole cover may be exchanged when necessary to
facilitate easy viewing of the sight glass.

Standard ciccle line

$tandard Upper limit

Lower
[imit

Fig. 16 Ol level standard through sight glass

Initial oil quantity (2)

Model 284 | 4A | 6A l42A | 8A | 62A

Upperlimit 1 65 | 160 | 16,6 | 16.6 | 19.8 | 206

Standard 50 1351118 [11.9 | 16.3] 165

Lower limit | 3.5 | 10.5 7.5 7.5 [13.0] 13.4

Oil tank —~ {300 ]300 300 350! 350
volume

T_hrottle

48 | 6B | 428 | 8B | 628
249 | 298 | 30.7 [31.2 | 32.1
19.8| 24.0 | 25.4 {256 | 26.2
1541194 1 19.7 1 20.3 1"20.9

40.0| 450 | 46.0 | 50.0 | 50.0

b) Qil can easily be charged from the charging mouth, even

while the compressor is in operation, if the internal
pressure of the crankcase is less than 0 psig (0kg). When
the internal pressure of the crankcase is high, there is a

' possibility of oil flow-back so care shouid be taken.

In case of liquid flowback, close the suction stop valve
slightly and after checking that the pressure in the
crankcase has dropped, charge the oil. Put the oil
charging hose deep enough inte the oil tank to prevent
air being sucked in.

Fig. 14 Qit flow chart for model B (since July 1969}

Discharge gas pressure gauge
Suction gas pressure gduge
Cil pressure gauge

The drum to be used for charging oil must be kept clean,
If residue of other oil type remains in the drum, it may
) . be the cause of future trouble, '
Joint for discharge gas
pressure gauge

b, oil piping for th
beoing o s e 24.3. Ol flow for modei 128 and 1248

Lub. cil pipirg for main
bearing, crankshaft
o)

Joint for suction gas 3
pressure gauge This oil flow system in simiiar to'the model B system, but a
mid-bearing on the crankshaft is also lubricated. Therefore
the oil flows from the ¢enter to the ends of the crankshaft
through internal paths and holes inside the crankcase. See

£ Ol charge port figure 18.
+ Port for ol heater

Connection part for auto,

supply/retum il piping

Joint for suction gas pressure

. Port for unioader operation oil pressure
Coneection for ou pressure gauge and switch

Qil sucticn port
{marine usa)

Port for setting
Qii heater it factory

Fig. 15 Qil piping of model B
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=t Ol cooler E———-'

Gil pressure gauge

QP switch

oil press‘:r_:'. 6; i [e]pi n 1
5 . iston

lating L= ; i :

regulating —:'?:a:..TEJ tis_‘,op;\ecling L.

e o

@{“’7““ o
i 1“,1 Main bearing s:;rplgrg: _.ﬂ-"'"
Oil pume- : b 'l;hrust bearing

Oil relief valve (gl o Lmef i

L2 s .

Qil charge & drain valve

EXTERNAL CIL PIPING
INTERNAL OIL PIPING

Fig. 17 Qil flow chart of madel 12B & 12-4B

Fig. 18 Exploded drawing of oil sight glass

{1} 0" ring
{2) Oil sight glass

(3) “O" ring

(4} Gland, il sight glass

2.5 0Oil cooler

Fig. 19 Oil cooler, Type A

Fig. 20 Qil cooler, Type B

Both type A and type B employ a sheil & coil type oil
cooler as shown Figure 19 and 20.

The quantity of cooling water required is more than 30
L/min. {The quantity is determined by the water empera-
ture.) Keep the oil temperature under 45°C at the oil cooler
outlet. The oil coolers of 128 and 12-4B employ the
shell & coil system with 4 passes, and have sufficient
cooling capacity even though small in size,

A compressor oil must be used otherwise viscosity of oil
witl deteriorate at low temperature and will not lubricate
sufficiently.

2.6. Abnormal oil pressure protection

All models are equipped with an oil pressure regulating valve
for abnormal oil pressure protection on the rear side of the
cuno-filter chamber. |1t exhausts any abnormal high oil
pressure resulting from high viscosity at start up.

if the oil pressure cannot be raised after the safety valve
fhas released, dust may have clogged the vaive seat. In such
case, check valve operation once zgain or remove the
valve and clean. :

Fig. 21 Oil ralief valve

New type (with relief for
Old type abnarmal high pressure)

Pass is changed by the
variation of inner oil
pressure

Fig. 22 Qil pressure adjusting valve

2.7. Shaft seal mechanism

The shaft seal mechanism {Figs. 23 & 24} is a simple and
efficient sealing device consisting of a shaft seal collar {7),
shaft seal ring (S) and “O” rings (6 & 8), The shaft seal
collar is fixed to the shaft by a locking ball {9%nd thus
rotates with_the crankshaft. The seal ring is locked to the
cover plate by a roil pin {3) and alignment of the friction
surfaces of these two parts is assured by the installation of 2
heiical spring (4}. The seal is pressure-fed by oii from th
pump and is sealed by “O” rings and a lapped friction
surface., Leakage of refrigerant and oil is completely
eliminated,
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Fig. 23 Sectional view of shaft seal type A
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Fig. 24 Sectional view of shaft seaj iype B

Boit, cover plate

Cover plate

Roll pin

Helical spring

Shaft seal ring

Q" ring, shaft seal ring
Shaft seal collar

.. O ring, shaft seal collar
Locking ball

10, Screw, thrust bearing
11. Thrust bearing

12. Bearing head

13. Locknut .
14, Gasket, cover plate
15, Gasket, bearing head
16. Blind plug

}oooumm.p.um_.

2.8. Automatic control and protection devices

2.8.1. Gensral outline

Automatic control of Mycom compressors is achieved by
the control of compressor capacity. r | :

Capacity is controlled by the regulation of pressure on the
suction side or by a temperature sensing regulation device,
the former being the standard method. Other control
systems are available for (1) automatic starting and stop-
ping and regulation of czpacity from 0 through 100%, and
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{2} for regulation of the capacity by use of the unloader
miechanism,

This sccond control system differs from the standard
unioader mechanics in that the compressor is always in an
operating condition and does not stop.

The following chart indicates the code designations of
Mycom automatic control systems.

: First Second Third Fourth
terter letter letter ! letter
Controt | Controt Contre!
methed Mator ~ 1 stage voltage
L M Manual H High voltage 1|1 woovi
y I
S Semi-autematic | L. Low voltage 2 2 200V
£ Full-automatic [ D DC 3
| Internal combus-
tion engine

Wiring Diagram

il B ST

{ ONT oeF
gl

[—4? T'_'T'I I gt
!
i
I
|
|

Fig. 25 SL-12 control system
{Semi-automatic, Jow voltage motor, single stage
control 200/220 volt control voltage.)

110
L4408 | Compressor Side
{49 gea —
- .__._-.|——:_;.__‘“
[ 1Jpr vovry] [ T
- i

Fig. 26 SH-11 control system
(Semi-automatic, high voltage moter, single stage
control 100/110 volt control voltage,)
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{s | bisconnect switcn | SLh | Manual switch for SV i:
M5 Magnetic switch SV | Solenoid valve f
IMC | Magnetic coil "'LH i Pilotlight for HP i
. OR . Overload currentrelay ° LO : Pilot light for OF ;
"M | Motor LV | Pilog light for SV i
i 5P, Pushbutton . RO | DC resistance for pitot i
"ON | Switch on : { tight il
. OFF | Switch off i DS | Disconnect swilch
: HP High pressure pratection ' OCB /| Oil circuit breaker !
I switch A Ammeter i
OP 1 Oil pressure faiture . NV | Noload relay |
: protection switch . PB | Pushbutton i
, LP Low prassure control . PT Potential transformer 5
: switch - CT | Current transformer i
! SH | Changeover switch ¢ SM | Starting interiack |
IR Changeover switch !
I@ _LTerminaI | J

Figure 26 shows a connection diagram of the controi
system of type SH-11 for semi-automatic operation {oper-
ated by a high-voltage motor) with a control voltage of 100
volts, single-stage control.

The potential transformer (PT) for the oil circuit breaker
(OCB) is generally designed to supply power only for the
pitot fight and the no-load relay {NV). Avoid using it for
control of the compressor side as it will cause a short circuit
of power to the light refay,

2.8.2. OP Protection (Oil Pressure Failure Protection Switch)

When the compressor operates at high speed, its moving
parts must be lubricated sufficiently. Lubricating oil is fed
to the moving parts under suitable pressure by the oul.
pump. :
Compressor trouble caused by improper [ubrication due to
a shortage of lubricating oil, or oil pressure failure resulting
from mixing of refrigerant in the oil are prevented by this
switch, .

The oil pressure gauge connected to the discharge side of
the ofl pump indicates the apparent oil pressure. The actual
oil pressure (P) is equal to the apparent pressure (GO) less
the pressure in the crankcase (GL). It is desirable that this
oil pressure should be maintained at a fixed value for the
normai performance of the compressor. Qil pressure failure
not only causes improper lubrication of moving parts but
also makes the unioader mechanism inoperative, since this
is designed to operate by oil pressure. '

The switch (OP) is composed of 2 sets of bellows, one of
which is connected to the crankcase side, the other being
connected to the discharge side of the oil pump. The two
bellows work individually and in case the actual pressure
does not reach the specified value 1728 psi (1.2-2 kg),
the auxiliary lever contact is held in 2 closed state, the
heater connected to it in series is heated, and after a {apse
of 60 to 90 seconds, the bimetallic mechanism operates to
open the contact lever, The compressor Lﬂn stops auto-
matically.

Resetting of this contact lever is done manually. Investige

the causes of the stoppage thoroughly and after correcting
them start the compressor again by pushing the reset,
button. This time delay mechanism is a temperature type,




-so_it does not return to noemal tempe: 1HUTE instantly once
it 1s released. If operation is continued, ("¢ heater is warmed
until the oii pressure rises once again, A result of this, the
point of contact lever opens again qud the compressor
stops automatically. 1t will seem a3 ‘hough the switch
order. In this case, operate the comprensuf With the control
panel switch on the manual side and return it to the
automatic side when the bimetallic me hanism has cooled
down, or stari operation again as soon a5 the bimetallic
mechanism has cooled down, with the switch on the
automatic side,

Adjustment of the time delay is done at the factory prior to
shipment. Adjustment at site is not desirable. The pressure
timit for the bellows is 214 psig {15 kg) and this should be
berne in mind in airtight tests carried out in 1he ficld.

an

. T

| Adjustment nut B

J‘ : {Since Ocr 1976)

Fig. 27 Oil pressure failure protection switch (OP)

2.8.3, HP protection {Abnormal high pressure protection
device).

This device prevents malfunction caused by abnormally
high pressure on the discharge side (GH) of the compressar
as a resuft of interruption of cooling water 10 the condenser
(CO), malfunctioning of valves on the discharge side etc.
The switch works to open the magnetic swilch (SM) and
stop the motor (M) just before the safety vaive works,

This switch, with a bellows type power element, is designed
to open or close the electric circuit by an increase or
decrease of pressure applied to the bellows. If the pressure
on the discharge side of the compressor becomes ab-
normally high due to a malfunction of the compressor,
the interruption of the cooting water supply 1o the
condenser, or other reasons; il» It {h%s the compressor to an
immediate stop by cutting 1 electric circuit, thereby
preventing accidents or explosint? |Pe woeking pressure is
atment nut {A) to the

: . i el
increased by turping the lars e tefr.

right, and is decreased by tuen!i® ¥

Adjustment of the difference in working pressure is
accomplished with the smailer adjustment nut (B); it is
increased by turming it to the right and decreased by
turning to the left. As the circuit does nor return
automatically from its function as a safety device, reset it
to starting position with the reset handle. When the
compressor stops automatically as a result of HP investigate
the cause and after remedying, pull the reset handle and
start the compressor again.

The working pressure of the switch should be higher than
the normal operating pressﬁre but lower than the working
pressure of the safety valve of the compressor. The safety
device should be regulated so as to operate before the
safety valve is put into operation by abnormally high
pressure, To inspect the working pressure of this switch,
adjust the scale 1o the operating pressure by turning the
adjustment nut; then calibrate and adjust the working
pressure of the switch so as to make the switch work at the
specified pressure, or close the suction stop valve after
reducing the compressor capacity to a minimum by the
unioader mechanism and close the discharge stop valve
carefully (referring to the pressure indicated by the pressure
gauge on the discharge side) and then inspect the operation,

Special care should be taken as the opressure on the
discharge side is being boosted intentionally, Careless
handling will cause probiems,

Adjustment nut 8 , Adjustment nut A

Reset handle

Fig. 28 Abnormal high pressure protection switch (HP)




Adjusiment put A

Adjustment nut B

Fig. 29 Low pressure control switch{LP)

2.8.4, LP control {Capacity contro! of compresser)

The steps of capacity control are decided by the number of
cylinders,

Standard steps:

Number of cylinders Bank | Steps
8 2 3
6 2 g 2
4 1 : 1

If the load variation is small andfor more than one
compressor is used for one installation, it is not necessary
to employ of the control steps as above, because increasing
the number control steps only serves to complicate the
control devices and make adjustment difficult.

It can be said that the starting and stopping of the
compressor are aiso a form of capacity control. [t is
possible to operate the compressor with full automation
according to the suction side pressure,

Capacity control is achieved by the measurement of the
suction side pressure by a low pressure controf switch,
which automatically conirols the openfclose cycle of the
solenoid valve which is connected to the unioader piston of
the capacity control mechanism.

The waorking pressure can be made higher by turning the
adjustment nut A of the low pressure control switch to the
right, and lower by turning to the left.

The working pressure difference becomes small by turring
the adiustment nut B to the right.

By comparing the suction side pressure of the compressor
and gradually closing the suction stop valve, the low
pressure control switch works and opens the solenoid valve,
and the compressing of this bank stops as a result of
dropping oil pressure on the unloader pisten. At the same
time the indication lamp lights up and the loading current
of the motor is reduced.
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2.8.5. Control panel

With the standard type, the control panel is piaced near the
oil pressure high and low switches, The levers for these
switches on the control panel must be set to automatic
while the compressor is in operation. |f you fail to do this,
automatic protection of the compressor against oil pressure
failure or abnormal increase of the pressure on the
discharge side becomes impossible and may lead to trouble.

When the compressor stops automatically with the action
of the high pressure protection switch, the pilot light for
the switch goes on indicating that the switch is in
operation. When the compressor is stopping due to oil
pressure failure, the pilot light for the switch goes on. In
other words, when the oil pressure and discharge pressure
are in normal condition, the lights are off. Pilot lights are
turned off by throwing the switches to the manual side, and
the compressor can be started. However, to purge refriger-
ant out of the compressor, to supply oil or to operate the
compressor when there is trouble with the protection
device, it is sometimes convenient 1o aperate it manually by
changing these switch-levers from “Automatic” to “Manu-

al”. When the malfunction has been remedied, these switch-

fevers must be reset ta the “Automatic'’ position.

The control panel, in the case of the fully automatic
operation system, is provided with a buzzer, |t is used to
signal, when the compressor has stopped in the final stage
of capacity contral. As the compressor starts automaticaily
any time with the recovery of the suction pressure or
temperature, do not forget to turn off the disconnecting
switch for inspection of the compressor.

2.8.6. Fuil automatic control of compressor

1t is difficult to control fully automatically all compressors
in one large refrigeration plant by the system of low
pressure controi switches as used for single compressor
capacity control.

For this purpose, one primary detecting point must be
established in order to sysiematically control the capacities
and startfstop operations of multi-compressor systems, This
contral system is shown in the block diagram of Figure 30.
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Fig. 30 Automatic control flow chart for multiple

cOmpressors



The location of the thermal resistance detector varies
depending on the method of freezing. In the case of 2 brine
cooler, the detector is placed to moniter the refrigerant in
the cooler, whereas in 2 liquid pump system it would be
positioned so as to monitor the refrigerant in the low
pressure receiver,

The detector (resistance thermometer bulb) is inserted in
the refrigerant in the appropriate location and it's cutput is
proportionally amplified by the amplifier of the automatic
temperature controller. It’s value is compared with a preset
temperature to determine any positive or negative devia-
tion.

This deviation produces a signal which in turn increases or
decreases the working capacity of the compressor, This
action takes the form of a signal operating an integrating
mechanism, The integrator converts the analog quantity to
-3 digital quantity and transmits pulses in response to any
deviation. The pulses are calculated in a plus-minus circuit
and gradually or successively operate the compressors
which have a capacity corresponding to circuit calculations.

The resultant increase or decrease in capacity is sensed by
the thermometer bulb in the form of increased or decreased
temperature at the detection point and thus a closed loop is
“formed.

Moreover, a special calculation circuit is employed to
prevent frequent repeats of start and stop and a particular
value of freezing load,

The operation sequence changing board is extremely useful
for daily operation. A simple change-over of jacks zlters the
running order of compressors in a system and further allows
for the exclusion of a compressor from the system for
overhauling or other reasons.

This system, called SIC Contro{l, has been developed and
standardized by Mycom,

To acquire full automatic control the system must be
squipped with various protection devices and interlocks
between relative components to ensure safety under abnor-
mal conditions, These protection devices contribute to
manpower savings and reduce power consumption signifi-
cantly.

Fig. 31 Integrating type controller

Fig. 32 Remote, automatic control panel

2.9. Safety valve
The valve is set at the following discharge pressures:

psig - (kg)
Ammonia 250 176
R.22 250 17.6
R-12 225 15.8

The valve should be tested zt least once a year (minimum
pressure test), Test apparatus and standard pressure gauges
are necessary for adjustment,

The above are our standard pressure settings for safety
valves, If any other pressure setting is required, please
contact us at the time of your order,

A spring type safety valve is employéd as shown in
Figure 33.
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Fig. 33 Safety valve




2.10, Dil tank for marine use

We manufacture special compressors and ofl tank units for
marine use. These units are designed to eliminate oil
pressure drop resulting from rolling and pitching at sea.

Qil tanks for compressors 4A to SB have two shapes as
shown in Figures 34 and 35. Fig. 34 shows a tank mounted
under the compressor and Fig. 35 shows a side mcunted
tank. The former type has no pressure equalizing piping,
and is connected with a 12 " flange at the center lower part
of the crankcase. The other type has two oil flow pipes and
one pressure equalizing pipe for purging gas, and s
connecied to the handhole cover. There is a stop valve in
the middie of this pipe. It should not be closed during
operation,

‘The tank cover has a valve for draining oil. The inside of the
oil tank must be cleaned after each vayage.

The normal oil level is the same as for land use, Adjust 0
keep the level in the middle of the sight glass.

Fig. 35 Oil tank, side maounting type for marine use




CHAPTER 2. INSTALLATION AND QPERATION

1. Instailation

1.1. Delivery to the site

a) Transport your compressor to the instaliation site while
still packed, if at all possible,

b) if it is to be brought in after unpacking, suspend from
the lift rings or hooks on the base. Put padding between
the |ift cables and the compressor & motor to prevent
damage to the equipment,

c) If it is a bare compressor, hang from the hanging bolt
mounted on the top of the compressor,

d) Avoid attaching ropes to the crankshaft, flywheel or
pipes at any time, as damage to the compressor witl
resuit.

e) The hanging bolt of the motor is used onty for hanging
the motor independently. Mever use it for hanging the
whole unit.

1.2, |nstallztion

Consideration of the following articles when deciding
arrangement & installation position of compressor is ex-
tremely important,

a) Consider carefully the following; Operation handling,
supervising, safety, maintenance, disassembly, repairing,
piping arrangement, illumination and ventilation,

Ventifation fans should be instailed if natural ventila-
tion is not sufficlent otherwise temperature probiems
may occur after completion of the plant.

b} The foundation of the compressor should be decided by

refering to the drawing. Mycom compressors, while
being well designed, balanced and compact, still require
a foundation strong enough to bear a weight two to
three times that of the compressor, including motor,
Moreover, it is necessary that concrete or wood piling be
utilized 10 increase the load bearing capacity of the
foundation if the installation is on reclaimed land or
marsh ground,

Should the compressor be installed on the second, third,

etc. stories or on the roof, a vibration-proof base must
also be built in order to ensure safe and dependable

operaticn,

1.2.1. Instailation work

a) Position the common base on the foundation and level
paying clese attention to its longitudinal and lateral
orientation. Drive in the foundation bolts (anchor bolss)
at the predetermined positions and fix by pouring
mortar.

b) When mortar has hardened, level the base accurately,
Tighten the foundation bolts. In tightening, it is con-
venient o use a wedge. Put the wedge under the base
and when a position has been achieved, replace it with a
steel plate having the same thickness, then fili the gaps
with mortar. if 2 gap remains between the base and the
foundation it may cause vibration,

¢} In the case of a vibration-proof type common base,
remove the welding which joins the support base and
vibration-proof base after instaliing the unit in the
manner as discribed above. Draw up the jack-bolts until
they are well clear of the support base, that is, until the
bolt ends clear the support base even when the rubbers
are completely depressed.

In order to minimize vibration passing through to the
building, a minimum of 30cm must be allowed between
the building foundations and the compressor. In addi-
tion, a vibration-proofing material should be utilized
between the foundations of the building and the ficor
concrete,

To eliminate vibration passing through the piping,
flexible tubing should be instailed in all directions and
special attention paid to the supports of the piping.

d

—

1.2.2, Beltdrive

a) Each compressor is shipped from our factory with exact
centering., When installation has been completed, check
that it is stiil accurate. '

b} In centering, stretch a steel wire on the flywheel side as
illustrated in Figure 34 to check deviation of the
grooves. Deviation causes premature wear and tear of the
belt and shortens the life of the compressor as unneces-
sary force is applied to the bearings.

-Flywheei ! Steel wire

O] __]_

\

Incorreet

Fig. 36 Centering for beit drive

A slight deviation from center may be allowed for our
flexible type coupling, Adjust the center position as
accurately as possible to ensure iong life of the com-

pressor,
»x

¢) Do not force the V-beits onto the motor pulley. The
V-belts must be installed with sufficient slackness.
Loosen the slide base of motor and close the gap
between the mator puiley and the compressor.




After confirming that the setting of the V-belts in the V Flange,

grooves is normal, take up the stack by adjusting the coupling As“'l'.‘b"’ °2 |
. . . o compressor caupling bady i

motor bolts, The ideal tension of the V-beit is when {1 is side Spacer’ motor side |
— |

slightly locse, having 2 play equivalent to its own
thickness when depressed at the center. Do not stretch
the belts too much; it may shorten the life.

d) When replacing V-belts, use a full matched set of new , J I ea==g
belts. Do not use old and new ones together. Mixed NS f==r IR T /
usage may cause abnormal vibration and/or shortening g g
of the life of the shorier belt, Rubber  Coupling caver
bushing |
e} After using new belts, confirm tension within 48 |
hours and continue to check the tension from time to Fig. 38 Radial coupling {(Exploded view)
time,
f} Do not put oil or grease on the V-belt, If found, clean I_"_|

the belt using carbon tetrachloride etc.

|

1.2.3. Direct coupling

A slight deviation from center may be seen in our coupling _f
which employs the flexible type instead of the rigid type. L L

Adjust the center position as accurately as possible to
ensure the fong life of the compressor.

A radial type coupling is-now adopted where the tyre ! J — ’
type was previously employed. The radial type, like the - L ’
tyre type, is designed to act reliably under severe conduct- ‘
ing conditions, i.e. strong torque, twisting, vibration, shock Fig. 39 Radial coupling (Sectional)
loads etc, : :

The radial type however can operate well at much higher ’ |
R.P.M. and with greater torque load than the tyre type, and Dimensions of Moleflex Radial Coupling:
is employed for this reason.

o |Largear glag o
als ] [ s e,
155] 39 (1 3500
158|106 14 3200
21512 a7 1500

218,145 120 2200

=
-

Troe af | Typa of
Iecugding jqomep 0 Do {Dh DollDR2) 1, ']‘

(MR T70( 2A 197|191 120}158} 158 12711003108 ) &7[335
(MR 50| Type A [7231215)1201178[178127;100[125F 82(352
EMR]O?D Tyee B 273287 16013271227 1175 {135{ 15306483
IMM!?O 128,12-4B1324)312 nnlzssl:ssinsim 17611181426
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Conduction capacity:

Type of Normal Ailowlahle Allcl;r“at;ie Brake axlal pawer c _l
R torque angle parzilel QITipressor:
soupling kg/m error error 123? .lrgsno 1r;i1°

[ under 44 [ - — 1ZA, 4A
MR 770| 76 3:00:-:\«1 '

a
coupling 0| 96t 117 g?ASA, 42A,

;w.n g10] 152

‘MR1070| 234 (under  {under 150 | 180 | — | 4B, 98,88, 428,
i 0.1mm Q. 1mm

iMR1270| 403 210 {250 | - | 128, 12-48

Fig. 37 Centering the coupling

The coupling is composed of three sections; body, spacer % E
and flange. The shaft seal may be checked and exchanged :
by simply removing the spacer; without moving the com-

pressor of Motor.




Sequence of setting (Ref. Fig, 39 & 40)

When, 1 <A +C,

S o' W gy
T

Fig. 40 Setting radial coupling

When, 1> A+ C

1) Position the compressor and motor on the base as
specified, keeping the distance between the ends of the
motor shaft and the compressor shaft dimension B apart
(If the motor shaft is shorter than A+C, determine the
position by calculating the distance between the com-
pressor shaft end and the base of the motor shaft, thus
making it A+B+C).

2} Mount the coupling flange on the compressor side.

3) Mount the magnetic stand of the dial indicater on the
- shaft of the motor and place the indicator on the outer
diameter of the compressor-side coupling,

The parallel error of the compressor/motor shaft centers
must be kept under O.1mm. The dial indicator reading
wili give the relative error under 0. 1mm.,

In general, the motor side will be found to be lower, so
the height should be adjusted at the motor side,

Relocate the dial indicator on the flange surface and by
reading the dial, correct the relative error to under
0.1mm,

Repeat the above, and continue adjusting until the
centers of the compressor shaft and the motor shaft are
true.

A small error is allowable with the fiexible coupling but
better results and longer equipment life (less vibration
etc.) can be obtained by precise centering of the shafts,

i)

.,
o 2

fme

Fig. 41 Measuring axial center

4) Bolt down the compressor and motor firmly after
adjusting the shaft centers,

5) Mount the body of the coupling on the motor shaft. Do
not yet tighten up the set bolts.

6) Mount the spacer on the flange of the comprassor side.

7) Attach the body of the coupling to the spacer and secure
the set bolts,

8) This completes the mounting. Turn by hand to check,

1.3. Piping
z) Use the utmost care so that dust, etc,, does not enter the
pipes during assembly.

b) During zssembly at the site, be sure to flush the pipes or
clean them with a wire brush before they are installed in
order to remove sand, rust, welding slag, etc,

¢) Do not mishandle or step on the bypass pipes of the
compressor as damage or impaired operation may result,

d) Do not use rags to clean the inside of the pipes as waste
fibers will remain inside and later ciog the strainers of
the compressor.

e} Dry nitrogen gas is sealed inside the compressor for
rust-proofing; leave it as it is until piping assembly is
completely finished, It can be easily discharged by
opening the valves after assembly.

f) Ensure that water does not enter. the pipes. When freon
gas is used, in particular, it causes trouble after the
compressor is started,

g} When freon gas is 1o be used, install suction pipes at an
inclined angle for smooth return of ofl.

h) Special care must be taken to remove the blind plates
which are generally used on the pipe fittings, Cases have
been reported of failure to remove blind plates before
operation, the result; serious damage.
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Fig. 42 Compressor piping

1.4, Cooling water

To prevent super-heating of the compressor and deteriora-
tion of the compressor oil, and zaiso to increase the
durability of all moving parts, the crankcase, head-cover {""
and oi] cooler are cooled by water.

In the case of Freon R-12, however it is not necessary 10
cool the head-cover, because the discharge temperature of
R-12 does not go very high,

Total quantity of cooling water:
(L/min.)

In the case of '
cooling water 24 | 4A | 6A | 8A |48 | 6B | 8B | 12B12-4B

temperature peing; E

20°C 18201 24{28 (30|32} 38 44550

, .
{ 30°C 26| 30| 37| 43|40 47|55 86173

Oil temperature should be kept upto 55°C, but 60°C may
be permitted for short periods of time.

Pipe diameter and number of pipes:

Compressor Iniet QOuilet 7
2A10 8B 17 (25A)x 1 | 17 (25A) x1
128, 12-4B 3/4" (20A} x2 | 17 (25A) x1

In the case of parallel piping, a water valve must be installed
in front of the compressor piping so that the water volume
czn be adjusted:

tn the case of a full automatic compressor, a solenoid valve
must be installed between the compressor piping and the
water vaive to ensure water circulation at the same time as

operation start up.

Care should be taken during super heated running in the
test operation to easure sufficient quantity of cooling

water,

>
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EA & 68

Inlet (1) & {2) each 374~
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88 Outlet [3) (1"} 424
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Fig. 43 Cooling water piping of compressor

Preparation for operation

2.1, Test of electric connections of automatic control
a) The compressor is provided with OP, LP, HP andfor DP

b)

switches for automatic operation. Their types and
numbers vary according to the use of the compressor.
For wiring to these switches, the magnetic switch for the
main motor and wiring 1o the switch box, follow our
diagram,

Wiring between switches and the control panel is
completed and tested at our factory before shipment
When the compressor is installed, wiring between the
control panel and magnetic switch or switch box should
be done according to the section shown by dotted lines
in the wiring diagram.

c) For fully automatic operation, starting, stopping and

capacity control are all done autematically. In semi-

T~

automatic operation, only starting is done manually, In
this case, make sure that the starting method of the
motor is correct. In case of line-start, it is necessary to
investigate incoming electric capacity.

d} Check that the high-voitage switch box is provided with

a P.T, {Potential Transformer} of specified capacity and
contact.

¢) The internal connections of magnetic switches vary

slightly with manufacturers and our wiring diagram is
not applicable for all manufacturers. When your magnet-
ic switch is from another manufacturer, wiring must be
carried out in accordance with a specially designed
wiring diagram.

f) Check that the oil circuit breaker contains the pMiper
quantity of isolating oil.




g} For the motor and its high voltage controller in
particular, measurs and check that insulation resistance

ance is of the specified value.

the crankcase and test it by changing the current of the
motor. {Ref. Fig. 29)

Note: Test of working time of OP switch.

h) In testing connections of control systems, insert a fuse at

an intermediate position on the wire connection be- 1) The OP switch starts operation as soon as the magnetic

tween the magnetic switch and control panel; this
prevents the equipment from overheating.

i) Start the motor in the presence of the engineer in charge
of your electrical work.

switch is started and applies voltage to it. Working time
of OP switch is measured from the time the change-over
switch of controi panel is turned from *Manual” o
“Automatic’. For normal operatian, the switch should
always be in the “Automatic’ position,

2) A performance test of HP switch is dangerous but is

2.2. Test of switch connections
a) Oil Pressure Failure Protection Switch {OP)

Remove belt or coupling and operate motor only, The
motor is normal if it stops automatically in 60 to 90
seconds varying according to atmospheric temperature;
as compressor is not in motion, the switch trips when
the oil pressure drops to Q psig {0 kg} and stops the

sometimes required by some inspectors. In such cases (a)
the test is conducted after adjusting pressure down to
the actual working pressure, and (b) the test is con-
ducted at the specific pressure by stopping cooling water
for the condenser and raising the pressure gradually.

2.3. Airtight test

motor, Onge the switch is tripped it cannot be reset until After completing the instaliation, piping and wiring work,

the bimetailic element cools. (Ref. Fig. 27) an airtight test of the system is carried out. In this case, the

‘ installed pressure gauges are not used and the valves for the

b) High Pressure Protection Switch (HP) gauges are closed. Two pressure gauges, with graduations up

: to pressures 1.5 to 2. times higher than the test pressure

Operate motor (with the switch for OP switch on the should be provided. The pressure gauges should be provided
control pane! in manual position) and push the reset with stop vaives for easy checking of pressure,

handie of HP switch to see if the motor stops, This is the

same as when the bellows of HP switch trips the control a} Do not use a refrigerating compressor for this test, but

switch due to abnormally high pressure.

When motor stops, cut off the main switch and pull the
- reset handle of the HP switch toward you to reset.
" (Ref. Fig. 28)

Avoid making a performance test of the HP switch at
higher than the actual working pressure, as it s

dangerous.

¢) Low Pressure Controf Switch and Solenoid Vzlve

use an air compressor or utilize high pressure nitrogen
gas,

- When ammonia is used as a refrigerant for the system, do

not use CO? gas as it will react chemically, When it is
freon gas refrigerant do not use air, but use high pressure
nitrogen gas or CO? gas, If air is used, its water content
enters the pipes easily, causing trouble during operation.
To use high pressure nitrogen gas, do not connect the
pipe directly from the cylinder but install a reducing
valve between it and the compressor.

When the automatic-manual changeover swiich for b} The refrigerating compressor is not originally designed

capacity control on the conirol panel is turned to the
manual side and the switch is turned from the “Load"” tc
“Unioad" side, the pilot light will go on. Also see if the
pilot fight goes on in a loaded condition, Put the switch
on “‘Load", In this case, judge by the operating sound or
vibration of solenoid valve, That is, the light is normal if
there is no change when the load-unioad change-over
switch is moved repeatedly from “Load” to “Unload”.

The above-mentioned items complete most of the testing
required, When the pressure preset on the LP switch (s
too high, put the contact lever in operation by pushing
up the cam attached to the bellows with a screw-driver
and examining the flashing condition of the light. Then
with the compressor running; close the suction stop
valve during zutomatic operation, lower the pressure in
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for compression of air. Therefore the discharge tempera-
ture rises sharply with the compression of air and goes
above the flash point of lubricating oil, causing such
accidents as seizure, explosion, etc.

The flash point of lubricating oil is about 180°C to
200°C. If air of 16°C is compressed to a pressure of 10
kg/em? G, the temperature rises to more than 260°C,
already much in excess of the flash point. The exact
flash point is not clear, but even air under atomospheric
pressure has a flash paint between 300°C to 400°C, so
that the temperature easily reaches the flash point when
compressed to 20 kg/em2G by single stage. You must
note, it is very dangerous.

Be sure to keep the valves for the pipes to the OP, LP
and DP switches closed. If they are left open, damage to

4




k)

the bellows section and the reset lever of the switch will
resuft.

The temperature of the air compressor may rise unusual-
ty quickly so it is therefore necessary to stop operation
untit cool and start again. Repeat stop/start operation
until test pressure is reached. '

When the pressure has reached the specified value,
inspect for leaks with soapy water or other sciution
{chemicals for detecting leaks in the airtight test). If no
leak is observed leave under pressure for 24 hours and
check for any pressure drop, When evaluating the results

be sure to take into consideration the changes caused by

room temperature,

When an automatic circuit (solenoid valve, thermostatic
expansion valve, etc.) is provided on the liquid line, do
not forget to keep the manual circuit open or open the
solenoid manually or if power is available 1o the solenoid
valve ensure it is in the open position.

When the airtight test is completed, discharge air out of _

the piping line by opening valves 1o remove dust and
scale,

[n the case of a freon gas system, use a vacuum pump
and discharge water simultaneously.

Next is the vacuum test, In this test, the compressor is
used in the opposite way. Keep vacuum lower than
27.56 in.Hg (700 mm.Hg); close the valve and leave it
for 24 hours. If the rise in pressure is smalier than 0.1
in.Hg {5 mm.Hg), the system is regarded as “Passed",

When the temperature is raised to about 135°C to
140°C, the refrigerant R.22 (Freon 22) hydrolizes, if it
contains water of more than 100 ppm, so that hydro-
fluoric acid and hydrochloric acid are formed. As these
acids erode the inside of pipings and the compressor,
care should be taken.

2.4, Refrigerant leak test

a)

b)

In case of Ammonia

1) Boost pressure by 70 to 85 psig (5 10 6 kgfem?) after
charging a small amount of ammonia.

2} If burning sulphur is placed near the piping, white
smoke can be seen where lezkage oceurs,

3) If wet phenoiphthalein test paper is in the vicinity,
the paper turns red.

Leakage of ammonia from the piping can easily be
detected by these methods. '

In case of Freon

1) Charge a small quantity of freon refrigerant. The
guantity should be 2.2 pounds for a 10 to 30 ton
compressor and 3 to 4.4 pounds for a compressor
over 30 tons, If the refrigerant quantity is too small,
definite measurements are unobtainable in tests with
a Halide gas detector.

2} When charging is finished, boost pressure with CO?
gas or nitrogen gas and check for leaks with a Halide
gas detector. The flame of the detector turns indigo
green when there is a leak,

3) Leakage from the concentrated parts of pipes can be
cledrly detected by the use of soapy water or other
such solutions.

4) Flanges must be inspected with special care. It is
necessary for the water drainage valve and the air
purge valve be opened and a Halide gas detector
inserted,

5) When the inspection is completed, make a vacuum
again. by discharging the gas through the zir purge
valve which is located under the discharge stop valve,

2,5, Operation under no-load conditions

When the vacuum test is compieted, the compressor is
operated under a no load condition. In this test, the
discharge stop valve is closed. The air purging vaive is used
as an alr discharge port and the suction end cover or scale
trap cover is used as a suction port,

a) When running the compressor within a few months of
shipment, it can be operated just after charging re-
frigerant. If a long time has elapsed, tubricating oil on
the moving parts may be exhausted. Therefore, supply
sufficient ol to these parts before operation. It is
recommended that plenty of oil be circulated through-
out the oil system when starting.

If it cannot be handled in the above way, charge more (2
to 5 fitres) oil than the standard level; as a temporary oil

supply.

b} Confirm the rotational direction of the compressor and
motor and then start. When starting the compressor,
check the rise of oil pressure by inching.

c) When the compressor is running, adjust ail pressure by
the oil pressure regulating valve with the reversible
ratchet in the hand tool kit. Inspect the temperature rise
at each part and check that there is nothing abnormal,

d) In this test, you must cut the circuit to the LP swit*:.h,

otherwise, the compressor will not start. '

e} Switch all unioading devices to the unloaded position,




Fig. 44 Test of working condition of suction valve

2.6. |dle running test

a) !t is recommended that compressors whose parts are
repiaced at the time of periodic inspection or left unused
for a long period be inspected by an idle running test
prior to operation.

b} In this test, head cover, safety head spring and discharge
valve assemblies are removed from the compressor.
(Cylinder sleeves must be firmly fixed.)

c) Before starting the test, resupply the cylinder section
and each bearing with sufficient oil.

d) During the test, check the following points:
1) Check oil rising condition,

Oil quantity is superfluous when oif comes up in large
drops. Such a condition, however, exists when the
sleeve, piston or compression rings are changed and
until they are “worn in”, This is no problem, so leave
as is,

2) Check cylinder walls,

An uniform oil film coats the wall. When the wall is
darkened by a stain or metallic substances, it indi-
cates that abnormal abrasion is occurring on the wail,
Stop operation immediately and inspect the wall.
When the oil film tumns light brown, it is due o
insufficient lubrication, Raise ofl pressure, if it fails to
eliminate the cause, then change the arrangement of
the compression rings.

3} Check unloader operation,

When all the above checks are completed, examine
the performance of the suction valve, pressing down
the discharge valve assembly as shown in Figure 38.
At the same time, confirm that the unloader mecha-
nism is in good working condition by operating it
manually. If the valves give off working sounds even
while in an unloaded condition, it is due to improper

mounting of the cylinder sieeve, erroneous insertion
of push rod, or excess oil pressure. Lift pins are not
operating accurately [n such cases. It is sometimes
due to improper tightening of the valve plate.

4) When the above-mentioned steps have been finished,
start the no load operation as in 2.5,

2.7. Charging of refrigerant,
{[n case of newly installed equipment.)

When nothing abnormal has been found with the com-
pressor, start cooling operations in the following sequence:

a) Put the compressor in motion and purge the air out of
the crankcase through the air purging valve.

b) As the system reaches the vacuum stage, chargé refriger-
ant directly into the receiver right away, Time required
for charging can be shortened by this methed.

¢) The quantity of refrigerant to be charged into the
receiver is predetermined. When this quantity has been
charged into the receiver, then charge into the evapo-
rator using the whole refrigerating cycle through the
charging valve provided between the outlet valve of the
receiver and the expansion valve,

d) Before starting the compressor, check that cooling water

has been passed to the water jackets of the compressar ; N
2nd condenser. Place the gas cylinder on the ground,

inclined at about 30 degrees. Open the valves of the
cylinder and the charge valve on the piping line little by
little while continuously operating compressor at 28 psig
(2 kg/em?) of suction pressure,

e) Select a chamber to be cooled and adjust expansion
valves.

f) The guantity of refrigerant in the cylinder can be judged
by tapping, or weighing the cylinder with a platform
scale. When frost appears around the valve of the
cylinder, it may be considered empty.

g) When the suction pressure falls below O psig {0 kgfem?),
stop the compressor or raise the pressure by heating the
cylinder with hot water. When a water chiller is
employed, make sure the water does not freeze,

h) When the specified quantity of refrigerant has been

charged, close the charging valve tightly and open the
liquid outiet valve. Then start normal operation.

2.8, Coocling operation

{Refer to Chapter 4, Paragraph 2.4.)




2.9, Stopping operation
{Refer to Chapter 4, Paragraph 2.5.)

2.10. Charging Lubrication oil

When the refrigerating system is newly installed, special
care should be taken on the following points for a period of
about one month after initial operation, When operation is
started, foreign substances in the system return to the
compressor so inspect strainer and change the oil, if neces.
sary, in the following manner.,

(Ref. Supplements 8.1. for compressor oif)

a) Recommended interval for oil change,

Qil change st 2nd 3rd 4th

Spaz:a:g;“ startof | g | Tth | 17th | 37th
[ ] [

b) Inspection and cleaning of cloth bag and screen for
suction strainer,

Suction strainer Qil filter

1) 5 hours after initial operation | With every oil change

znd when draining

2) Once aday from 2nd day to | oil from cuno-filter
10th day housing.

3) Once every § days after 11th
day

4) Once every 2 weeks, if the
clogging is small

Take the cloth bag off, after confirming only slight
clogging.

The above are only recommended standards. You can
adjust the interval according to the conditions of your
lubricating oil and strainer,

2.11, Automatic lubrication device

2.11.1. General

Oil must be resupplied to the crankcase keeping a balance
with the oil consumption of the compressor, as the
compressor sends oil to the discharge side gradually. The oil
is sent to the discharge and is separated and extracted in the
oil separator, and then, returned to the crankcase auto-
matically or manualfy. This circulation is repeated.

The oil not separated in the oil separator passes ta the
evaporator. This quantity should be replenished. But the
frequency of repienishment may be reduced if an oil
recejver is instailed on the line.

We recommend employment of an automatic oil return
system, when it is possible to install one oil separator for
each compressor, {But it must be zvoided if the discharge
temperature might become more than 120°C when using
ammonia refrigerant, because under such conditions the oil
would soon become unusable.)

Discharge line PN

{ -
E Qil Separator
Suction line

l %_ Lubrication

! ~port Oil tank

Solenaid valve

Fig. 45 Model automatic lubrication system

2.11.2. Automatic oil return device

As you see in Fig. 42, the float valve of Mycom’s automatic
oif return oil separator is rather simple mechanicaily. Care
should be taken when using it in a cold area, -

The oil separator must not be instzlled outdoors and must
include 2 thermostat and solenoid valve so the oii is not
returned until the temperature in the oil separator becomes
greater than the condensing temperature, otherwise liquid-
back oceurs in which refrigerant gets into the crankcase
and may cause problems such as increased consumption
andfor burning.

loat

Yalve body

Read
ail ‘ Pin
return / y—vj//

!

]

T A
]
'

ey
L

oil return
valve

To be connected
with oil return pipe

Fig. 45 Float valve for automatic oil return type oil
separator

2,113, Automatic lubrication device

The mechanics of the float vaive of Mycom’s automatic
lubrication device are as shown in Fig. 47 the valve ongns
by float action. This system is also used for pressure feed
jubrication.



The pressed lubrication system can lubricate from one oil
tank to more than two sets of compressors using two flows
of suction gas (i.e. high and low stage compressor of
compound compression) and cannot equalize the pressure

at oil tank,

Equaiize the pressure of tank with the highest suction
pressure as a minfmum.

A float switch is employed as a safety device, it rings an
alarm or stops the compressor when oil is charged up to the
alarm level.

From jubrication
tank

Spring gland
Spring-
Fixing nut

Screw PT 3/8

Screw for nue
fixing

Vaive body

Threads to be
fixed hand

hole cover

Rod

Adjust, nut
Adjust, screw

Siart oil

supply (Open} \ \‘

Stop oil supply
{Valve clase}

Lever

Arm for fioat

[Down) oit level (Up}

Fig. 47 Float valve for automatic oil supply

Assembly and adjustment: The valve set on the delivered
compressor is adjusted at our factory, but note as follows:

This valve is fixed with PT1/2 taper screw on the inside of
the hand hole cover. After firmly fixing the longitudinal
direction, then fasten by the outside fixing not so it does
not turn when setting the external piping.

The normal oil level is at zbout the middie line of the
moving float, so it should be set accordingly.

Slight adjustment can be made by moving the adjustment
screw. (Qil level drops by turning the screw to the right,
and is raised by turning to the left.)

Larger adjustments can be done by changing the float
position,

CHAPTER 3. DISASSEMBLY AND ASSEMBLY

1. Disassembly

1.1. Stopping operation

There are two reasons for disassembly of the compressor,
one is routine checking and the other is repair.

1.1.1. Routine checking

In general routine checking is planned to limit the
downtime ‘of the compressor, and.is for maintenance and
safety control, It must guaraniee smooth operation at feast
untii the next routine check, so may include replacing or
repairing of parts.

First, the compressor ‘must be stopped and the refrigerant
of the low pressure side collected into the liquid receiver,

if each unit in a2 multi-compressor system can be checked
alternately, it is equal to temporary stopping, i.e. close
the suction stop valve of compressor, and exhaust re-
frigerant from the crankcase.

After stopping the compressor, close the discharge stop
valve to allow refrigerant gas in the discharge assembly to
escape to the low pressure side through the by-pass piping.

if the compressor has an automatic control cireuit which
works by the suction pressure for its’ load reducing and
stopping, this electric circuit must be changed over to the
manual circuit or be shorted,

If ammonia remains, it gives off a strong odour, and must
be purged as soon as possible.

In case of Freon, reduce pressure gradually until it becomes
0 kgfem?2G, then*stop the compressor. The pressure will
reascend for a while, so repeat this handling until the
pressure does not gain again,

Care must have taken not to reduce pressure too quickly, If
roughly handled, refrigerant in the oil is evaporated, foams
and becomes a cause of oil pumping or oil hammer,

1.1.2. Trouble and repairing

When disassernbly and repairing js required due to sudden
trouble, the compressor must be stopped with the same
handling 2s described above, if the necessary time for
stopping has been allowed. But, in many cases, there is no
time for gradual stopping, when abnormal conditions are
found. Even so, do not forget the correct handling of
valves, otherwise it further endangers the equipment.

1.1.3. Purging refrigerant

Eject gas in the discharge section of the stopped com-
pressor. Freon gas may be released into the air, but if it is
not a weli ventilated room it must be exhausted outdoors
using pipes or hose.
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Freon gas stays close to the floor, because it is heavier than
air, and it suffocates men. A halide torch is used o detect
the feakage of freon gas.

Ammonia gas must be discharged into water. Water absorbs
ammonia gas up to 600 times its' own volume, so even ifa
small amount if used it is able to absorb a fairly large
guantity of gas. In this case, care should be taken to ensure
that the water is not sucked into the compressor.

Should liquid flow-back occur it is advisable to bieed both
refrigerant and compressor oil into a container.

1.2. Preparation for disassembly

a) The crankcase is in a vacuum state when the compressor
is stopped, and should be brought to atomospheric
pressure.

Drain the ol from the crankcase through the oil drain
valve by removing the oil plug through the hand hole,

) and also through the piping of the low pressure gauge,

f the comprassor is equipped with an automatic oil
supply system, do not forget to close all valves of the
‘system, This must also be done for the automatic oil
return type oil separator.

b) During disassembly work, cut off all power switches not
in use,

¢) Drain water out of the jacket heads and block. Drain
cocks are provided on the side of the crankcase and the

bottom of the oil cooler.,

d.) Remove belts or coupling and take off the flange and fly
wheel as shown in Figure 49,

e} Both flywheel and flange for coupling are tapered on the

) compressor side, so that they are easily removed by
loosening them a little. Handle the components with
care,

Fig. 48 Method of removing flywheel

1.3. Notes on disassembly

a) Tools must always ba kept clean. {Refer to Supplements

i)

b) Neatly arrange disassembled parts in order on a table or
a surface which is clean, free from moisture and

-
non-abrasive,

¢) To wash parts, use pure alcohol, carbon tetrachloride,
trichlore-ethylene or light oil. A warmed (45 to 50°C)
corpressor oil may also be used.

After washing, coat surfaces with lubricating ofl. They
will get rusty if left without an oil film,

d) Before assembling, clean the parts with compressed air,
sponge or a clean cloth, and then coat with clean
lubricating oil. Avoid using rags which will shed fiber; it
will cause clogging of oil piping.

e} When mounting gaskets, it is advisable that graphite-
mixed oil or nondrying packing be applied on one side
of the gasket. It makes future disassembling easier.

f) When cylinders are disassembied, their component parts
should be arranged neatly, in order of each cylinder,
Take special care not to mix connecting rods in
particular.

1.4. Removal of water piping

a) The standard cooling water flow chart is as illustrated in
Figure 50,

b) Land standard models employ vinyt hose, 50 locsen the
hose bands, :

¢} Marine standard models employ steel pipe so remove the
flange connections.
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Fig. 50 Standard cooling water flow chart {Jacket head cover)

1.5. Removal of head cover

a) Two types of head covers exist, those with and without
water jacket.

b) In the case of Model B compressors, first replace any
two symmetrically opposite screws with the long ones
found in the hand tool kit, Then, remove all screws
other than these two long ones from the head cover.
Finally loosen these two gradually until the head springs
are break the gasket.

If the gasket adheres to the main body or to the head
cover, tap the head cover on the side with a mailet after
loosening the two screws, or peel the gasket off carefuily
with 2 flat chisel or a screwdriver, Be careful not to
brezk the gasket,

d) Since 1967 Model A head covers have been redesigned.

Fig. B1 Jacket head cover, type.B




Fig. 52 View after head cover is remaved

1.6. Removal of head springs

The safety head springs shown in Figure 48, are pressure-
attached between the head cover and discharge valve
assembly and their position is determined by the seat of the
cage. They can be taken off easily by hand. When
carbonized oil, slag and the like adhere to them the
discharge valve assembly occasionally comes off with the
spring,

Remove the spring enly, t2king care that no carbonized ofl
or slag falls into the cylinder.,

Fig. 53 How to remove discharge valve assembly

1.7. Discharge valve {assembiy)

a) As the assembly is kept in position by the cage guide
only, the valve assemblies can easily be removed by hand
(Fig. 49). However, when carbonized oil and slag adhers
to them remove carefully, being careful not to aliow any
to drop into the cylinder. Also do not drop anything
into the cylinder sleeves as this may scratch the linings.

b) Avoid disassembling if the parts appear to be in good
condition, i.e. without abrasion of valves or damage to
spring or presence of carbonized oil or slag. When
disassembling is necessary, do it with care using the
tools in the hand tool kit,

¢} Sequence of disassembly

1) When 2 vise is used for diszssembling, loosen nuts
(AV56) and {AV57) by striking with a hammer and
wooden block take care not to damage the seat

surface,

]

2) Pull out bolt (AV35).

3} When the bolt has been puiled out, the discharge
valve seat (AVS54), discharge valve (AV52) and
discharge valve spring (AV53} will come loose, Be
careful not to lose the springs as they are very small.

‘;
w2V /
.

Fig. 54 Discharge and suction valve assemblies. (Model A)

1.8, Suction valve (assemnbly} (refer Fig. 54).
a) Loosen the screws {AV7S) and take them off,

b) The cage guide [AV7) and valve plate (AV1) can be
removed together by puliing them out by hand,

¢) The springs {AV4) for suction valve {AV3) are generally
tightly fixed in the holes of the valve plate (AV1), but
handle them with care as some may be loose, |

d) The suction valve remains on the seat surface of the
cylinder sleeve, Do not separate the vaive plate and the -
cage guide, Place them with the spring side upwards to
protect the seat surface from scratches.

1.8. Unloader mechanism

The unloader mechanism must be disassembled prior to the
cylinder sieeve. (Refer to Fig. 51)

a) Take off oil piping. It is not necessary to take off the
screwed fitting on the unloader piston cover except on
12B model.

b) When electric wiring is connected to the solenoid vaive,
disconnect this first.

¢) Remove the unloader piston cover together with the
solenoid valve.

d) Pull out unloader piston (1} using the eyebolt supplied
in the hand tool kit, or push in the unloader piston with
your thumb and release it quickly so that it is pushed
out by the expanding action of the spring {4).

e) Pull out push rod (5) as shown in Fig, 53. Spring (4) and
washer (3} are attached to the push rod with a screw (2);
do not take them apart,

f) The size of the push rod varies depending on the




position. Do not forget to record the original position
for these push rods so that you can reinstall them
correctly. {Fig. 56)

=
(ﬁ\f,.(a o] NO LOAD

LOAD
NO LOAD

. Unloader piston

. Allen screw, push rod

. Washer, push rod

. Spring, unjcader device
. Push rod

. Camring

. Gasket, cylinder sleeve
. Retaining ring

. Cylinder sieeve

. Spring, lift pin

. Liftpin o

. Split pin, lift pin

OlL. PRESSURE

Fig. 55 Cylinder sieeve and unloader mechanism

'

(D G)R rR@ (DR L®
42_A' 62A L@ .
53 o
88 8
)
L{D L® LOQOR L0
428 L@ 628 L@
8“
G CJALS
L@
128 12-48

—3
-~ 0
Remarks: (1) 1o {6) Stamp mark on push rod -
11) to (18) in black, Stamp mark ori push rod 0\/0 9
R {right), Right sloping cam ring o/'\® )
—

L {left], Leftsioping cam ring

Fig. 56 Sequence of unloader and cylinder sleeve Gr L®




1.10. Qil cooler

) The cylinder section is disassembled after removing the
inspection port cover, Take off the oil cooler before
removing the inspection port cover. (No need to take off
if marine type.) Qil cooler is attached by 4 screws on the
right and left sides. Loosening them slightly, slide the ol
cooler upwards and remove from the slot. {Ref. Fig, 59.)

b} Disassembly of the oil cooler is done in the foliowing

order,

1) Take off oil piping dnd bolts.

2) Pull cut flange by loosening bolts and nuts.

3) Puil out coil simuitaneously with flange. (Ref. Fig.

19 & 20).

Fig..58 Cylinder number mark (case side)

[
(NO- C°::d’:‘ls°' 2A | 44 l 5A | 8A | 424 | 624 | 4B | 6B | 8B | 42B | 62B | 12B | 1248
Alt. No, 8AUS | 4AUS | 6AUS | 8AUS | BAUS 8BUS | 6BUs | 8BUS | 6BUS 8BU8 | 8BUS
1 |Mark 8A2 | 4A1 | 8Al | 8Al | 6A3 881 | 6Bl | 8Bl | 6Bl 8Bl | 8Bz
Full tength {mm) | 2gp 275 1 264 324 | 308 | [ 397 | 412.5 | 397 | 412.5 | 397 372
Art. No, { BAU9 | 8AUS | AU | 8AL10{ 8BU10 | 6BL9 | 8BL9Y | 8BUY |16BU25} 8BU21
2 | Mark {BAZ | 8A2 | 6A2 | 8A3 | 8B3 | &B2 | 8Bz ! 882 | 16B3 | 8B4
Fult length {mm]) 286 280 286 258 | 366 1 381.3 1 37z P37z 128 | 341
Art. No. S8AL10 L BALIO t §BL10 - 42BU8 | SEU10 ¢ 3BLS | 16BL24
3 | Mark L 3A3 83 © 8B2 ° 6B3 ~ 8B3 : 8Bl | 16B2
Full length (mm) 258 233 | 356  358.5 . 366 397 134
Art. No. 3al's '8BL2L C16BU25. 8BL W
4 | Mark 3ad i : 8B4 | 18B3 | 8R3
Full Tength (mm) 302 : U107 428 ¢ 386
Arw No. ! i 16BU25
5 [Mark E i 1683
Full length {(mm) ! i 428
Art, No. ‘ i i 8BUS
& | Mark ! i 8Bi
FullTength (mm) | ©oger

Fig. 58 List of unloader push rods




Fig. 64 Removing from sleeve

1.11. Handhole cover

a) Remove oil feed piping. |f the compressor is equipped
with 2n oil tank for the automatic oil supply system,
take off pressure equalizing pipe.

b} Remove all screws except one at top center.

c} Remove the gasket by partially unscrewing the one
remaining screw. Hold the cover securely and remove it
carefuily. Be careful not to drop the cover. If it is
equipped with an oil feed pipe, take care not to damage
the float valve installed inside.

1.12. Disasserhbly of cylinder slesve and piston

As the size of the connecting rod’s big end is larger than the
inside diametey of the cylinder sleeve, take the cylinder
sieeve, together with piston and connecting rod, from the
crankcase.

i) Remove the boits and nuts of the connecting rod
through the hand hole as shown in Fig. 60, Remove the
double locked nuts one by one.
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b) When the nuts have been removed, pull off the cap,

c) Screw the supplied eyebolt into the hole tapped in the
piston top. (Ref. Fig. §1.)

d} Turn the crankshaft so that the piston comes to the
dead bottom position, The connecting rod must be
pulled off the bolts. (Index No. 78).

e) The cylinder sleeve and piston can normally be lifted out
together by the eyebolt. |f the cylinder sleeve is too
tight, loosen it by tapping the bottom end of the sleeve
with a wooden block or by hooking a piece of bent iron
wire around the guard of the sleeve and pulling, (Ref.
Fig. 63.}

f) Should the cylinder sieeve be too tight and oniy the
piston comes, the compression rings will be withdrawn
and released from the cylinder, making disassembiy
difficult, (Ref, Fig. 62.)

g) On lifting, be careful not to aliow the end of the
connecting rod to hit the web plate of the crankcase.

h) As the caonnecting rod is part of a set including the cap
and the sleeve, all these pieces should be grouped in
order,

i) A connecting rod and a rod metal cover make a pair, so
care must be taken not to mix them with the other
pieces,

1.12.1. Cylinder steeve

a) Place the cylinder sleeve on the table with its upper
surface (suction valve side) downward to prevent dam-
age. To prevent damage to the seat surface it is best to
take out the Iift pin. This can be done by turning the
cam ring and then pulling it out, holding the connecting
rod. (Ref. Fig, 64.)

b} Usually, it is unnecessary to disassemble the cylinder
sleeve, There are two types of cam rings; one of them
has lots facing right and the other has slots facing left. A
cam ring, therefore, must be selected according to the
position of the cylinder sleeve in crankcase, (Ref, Fig.
56)

Manufacturing assembly number
(There is a cylinder number on
the back side,)

Fig. 65 Assembly numbers of connecting rods

Fig. 66 Removing rings

1.12.2, Piston and connecting rod

Put piston with iis top downwards. Remove snap ring for .

piston pin with piiers, tap piston pin with wooden biock

and pull it out carefully, Do not take off the bearings from

the rod except when a change is necessary.

The connecting rod body and cap have manufacturing
assembly numbers {three figures) and one or two figures to
indicate piston assembly number (¢ylinder number) stamp-
ed on the surface, Keep each pair together, (Ref. Fig. 65.)

1.12.3, Piston ring

Take off the rings as shown in Fig. 66, Do not take off
unless replacement is necessary.

1.13. Shaft seal section

Refer to the following order for disassembly. (Fig. 67 to
69.)

a} Remove ail but two screws from the cover plate, leaving
the two symmetrically positioned.

b} Next, loosen these two screws aliernately in the same
manner as for the head cover. As inside this cover is an
oil reservoir, put a tray under the cover plate during the
work.

) When the screws are removed, the cover plate disengages
from the seat of the bezring head. Draw it out, holding it
perpendicular to the crankshaft, Be careful not to drop
it on the crankshaft.
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Fig. 69 Shaft seal section, type 12B & 12-4B
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No. Name of part Type A Type B 128 & 12—4B
Art.No. |Qty | AruNo, | Qty] Art. No. | Qty
1| Screw, cover plate AMss | s | BMss | 12 | BMaS | 12
2 Coverpiate AMB 1 | BMS -1 | BM8 1
3 | Gasket, cover plate AM10 1| BMI10 1| BMI0 1
4| Helical spring amr (8l Bvr || BMT | 10
51 Rollpin PP4-11 | 1 | PPs-10 | 1 | PP5-10 | 1
6 0" ring, shaft seal ring CA468 I QAs51B i QA31B 1
T Shaft seal ring AMS 1 BMS 1 BM3 i
8 Locknut AM4 2 BM4 2 BM4 2
9 Shaft seal collar AM2 1 BM2 1 | BM2 1
10 “0O ring, shaft seal collar OA3LB 1 OA4TB 1 | 0A47B 1
11 Screw, thrust bearing All1S8 8 B118 € | Bls 6
12 Washer, thrust bearing Add 8 B4d 8 Bd4 ]
13 Thrust bearing AllC 1 BI11D 1 B1iD 1
14 Screw, bearing head A8S 4 B&S 4 | B&S 4
15 | Bearing head A8C 1 | BsB ] | 1288 1
16 Gasket, bearing head AS 1 Bs 1| i12B9 1

Shaft seal compaonent {Ref. Fig. 67 to 69}

1.13.,1. Shaft seal collar

a} When the shaft seal mechanism is as shown in Fig. 70,
remove the locknuts (8) using extreme care to avoid
scratching the moving surface of the shaft seal collar {9).
(Ref. Fig. 71)

b} When the locknuts have been removed, pull out the shaft
seal collar (9} through the groove on the outer circum-
ference as shown in Fig, 72, Never risk gouging it by
putting a screwdriver between the seal collar and the
thrust bearing (13} even when it will not part easily.

The components of the double seal collar for Freon are
shown in Fig. 73.

Fig. 70 Shaft seal without cover plate . Fig. 72 Removing seal collar




Fig. 73 Double seal collar

The part number in { ) is for 128 & 12-4B when

ammonia.

Type A Type B

Nams of part
Part |Q'tyl Part |Q'ty

S eyu iy

e Ay

a. | *0O" ring shaft seal collar OA3IN] 1 [OA47N) 1

bﬁ Retainer ring, double seal collar | AM13 1 [BM13 1

¢. | Spring, double seal collar AMI1S | 6 | AMIS | 8

d.; “'O" ring, double seal OA45N] 1 |OAS3N: 1

g, | Pin, double seal coliar stopper PP411 1 1PP51Q 1

f. | Floating seat, double seal collar | AM14 1 iBM14 1

Fig. 74 Removing seal ring

1.13.2. Thrust bearing

When the screws have been removed, draw out the thrust
bearing with the puiling screws by lifting up the crank-shaft
slightly,

1.13.3. Bearing head

Remove the screws (14) and then draw the bearing head
out with the pulling screws in the hand. tool kit. just before
it comes away through the opening of the crankcase, it
should be heid by two people, as it is very heavy (about 20
kgs). ft should be pulled out carefully keeping it perpen-
dicular to the crankshaft,

1.14. OQil pump

a) Before removing, take note of the arrow mark (Fig. 10}
indicating the direction of rotation.

b) To remove oil pump, press out the pump by inserting
eye-bolts in the two blind bolt holes and press out

avently.

¢) Leave the oil pump as an assembly unless it is absolutely
necessary to disassemble. As an O ring remains on the
main bearing, it must also be removed.

1.14.1. Dragcrank

When the oil pump is pulled out, the crankshaft end is seen
where the drag crank is attached. 1t can easily be taken off
from the crankshaft by hand,

1.15. Crankshaft

1.15.1. Model A & B

Wrap the bearing surfaces in cloth to protect them from
damage. The crankshaft is held at one end by the main
bearing. Therefore it is best to keep the other end in
position with a wood block inserted from the hand-hole side.

If the crankshaft is twisted before it is pulled out
completely, it will scar the bearing surface of the main
bearing, Therefore, pull it out straight, slowly and carefully,

1.15.2 Model 12B & 12-4B

To remove the crankshaft of types 12B & 12:4B8, dis
disassemble the main bearing head first. Then the shaft
is held only by the mediate bearing as shown Figure 78.

a) Before disassembling the main bearing, drain the oilg
inside the cuno-filter case by pulling out the drain plug.
About 3 litres can be collected. Refer to Figure 77.

b) Remove the oil pump assembly (56) by loosening the
screws DG1-6-1. Do not loosen screws DG1-7-1. These
screws are loosened only when reversing the direction of
revolution. For this purpose foosen screws (60) and turn
the oil pump assembly {56) 180°,

¢) Remove the drag crank (3).

d} Using a box wrench, loose the lockrut of the taper pin
{133) which holds the mediate bearing to the main body.
Refer to Figure 79,

g) When the locknut has been slackened off about Smm,
tap the taper pin (131) and pull out.

f) Although not included in our standard tool kit, a special
shaft disassembly tool is available by order and will
make this job much easier. (Refer Fig, 78}

g) Push out the shaft with a wood block from the hand-
hole cover side until the shaft comes out at the position
shown as Figure 78. Then hang the shaft at mediate
bearing and pull out completely.

h) Release the mediate bearing by propping up the main
bearing and thrust bearing sections with wood blocks.
Draw out the taper pin, and the mediate bearing
separates into two pieces,




Fig, 75 Main bearing section, type A

Fig. 76 Main bearing section, type B

Fig. 77 Main bearing section, type 12B & 1248




Parts list of main bearing

Parts list of crankshaft section:

T

Fig. 78 How to pull out crankshaft, Modsl 12B & 12-48

i’?/@
red

Fig. 79 Mediate bearing, for model 12B & 1248

| IndexNo. | Name of part l&d;x Name of part Art.No, | Q'ty
3 Drag crank -
) Main beariag head 2 Crankshaft 1282 1
9 Gasket, main bearing head Qil drain plug JOAPR 10 1
10 Screw, main bearing head 126 Mediate bearing (upper) B542 1
12 Mzin bearing 127 —do—  (lower) B541 1
}3 Z'-"* m:‘” bea““gbl 128 —do—  memlA | B8543 | 2
4 -filt
o er By 129 —do—  mewlB | BS54 | 2
15 Gasket, cuno-filter cover
16 Screw, cuno-filter cover 130 —do- serew B345 4
17 Case, cuno-filter 131 Taper pin B546 |
18 Gasket, cuno-filter case 132 | Washer, taper pin B548 1
19 Screw, cuno-filter case 133 Locknut, — do — B549 1
21 Oil relief vaive 134 | Taper pin (threaded) B547 2
22 Qil pressure regulating valve/oil relief valve '
56 Oil pump assembly . .
60 Screw, oil pump 1.16. Main bearing head

a) Remove the pipes for oil pressure service and then

“remove the main bearing head with care in the same way
as the bearing head. The cuno-filter cannot be turned if
the filter disks are bent.

t) Loosen the screws (10). During disassembly of model A,

the screws cannot be taken off without disassembling
the cuno-filter first, but on model B it is passible.

¢) Take off the gasket attached to the main bearing, Care

must be taken not to damage the gasket.

1.17. Strainer

The following are utilized,

Model [2Al4AJsAl2A[424 62448/ 68/ 88428 g281128/12.48]
Scale '

trap * i

s LUV T T T LT

a) Scale trap,

Remove the end cover of the scale trap. The screen is
then easily removed as it is simply held down by the
cover. Sometimes a small quantity of oil remains in the
trap. Therefore, when removing the cover, put a tray
underneath.

b} Suction strainer,

The suction strainet is held down by a spring. Take off
the screws for the cover, remove the spring, and then
the suction strainer, The screen in the strainer islocked
with a snap ring as shown in Fig. 80 zand is easily
remaoved.




The suction strainers of models 1ZB & 12-4B have no
snap rings.

¢) Oil strainer,

The oil strainer can be removed easily by opening the oil
strainer ¢cover and/or handhole cover.

Fig. 81 Oil strainer

2. Assembly

2.1. Checking parts

When changing parts {in accordance with the established
standards given in Supplement 8} after inspection of repair
is finished, the parts are assembled jn the reverse order of
disassembly,

a) Clean the parts and the crankcase thoroughly using light
oil or gasoline, etc. and coat surfaces with lubricating

oil.

b) Before assembling, apply a sufficient quantity of ol
particularly to moving parts.

¢} To clean, do not use woolen fabrics as fibre will remain,

d) After inspection, gaskets should be coated with lubricat-
ing oil or a graphite/oil mix.

e} Tighten the screws symmetrically,

f} Take care in assembling models 128 & 12-48.

The assembly order for their shaft section is different
from other modeis,

2.2. Assembly of main bearing and main bearing head

a) On assembiing, note carefully the position of the gasket
hole; oil will not be sucked up if there is any deviation in
the position of the oil suction port. Special care must be
taken for models 12B & 12-48,

b) Position the main bearing on the main bearing head
befare it is fixed the crankcase, checking the position of
the pin for the main bearing and also confirming the
position of the oil hole.

¢} Instali the cuno-filter after the main bearing head has
been installed,

d) In the case of models 12B & 12-4B, the shaft must
be assembied before attaching the main_bearing and

- head.

a - (3 ?5*

Fig. B2 Main‘bearing head, type B

2.3. Installation of ¢rankshaft, model AZ B

Set the crankshaft into the crankcase taking care to protect
the bearing surfaces from damage.

When a block is used to insert the crankshaft into the
crankcase, be carzful not to leave any residue inside the
crankcase, and inspect after assembly is finished,

Put the crankshaft completely into the main bearing in one
mave, '

24 Installation of crankshaft, model 12B & 12-4B

2) Fix the mediate bearing 1o the crankshaft first. Each half
of the bearing holds two babbit halfs. Confirm that the
locking notches match and that the oil groove and o
hole are correctly orientated, If set in reverse, oil will
escape and serious damage will result,

Set the notched edge of the bearing babbit in first and
then push in the opposite side. When renewing the metal
especially, take care that the bearing metal is not
damaged against the housing. 1 necessary file smooth.




b} When installing the metal, the ends protrude slightly but
this is unimpartant as the metals shape themselves to the
housing when installation is completed.

¢) Confirm that the marks at both ends of metal match,
Measure the inner diameter with a cylinder gauge before
setting the shaft. The out-of-roundness must be within
0.02 mm.

d} Before tightening, apply, compressor oil to the bearing
surfages. Fasten the boits alternately and drive in the
lock pin until tight.

e) After completing the fastening, turn the mediate bearing
by hand. it should turn smoothly and freely. The taper
pin must be positioned on the top before installing the
shaft in the housing. This positioning cannot be ac-
complished after installation, so adjust carefully at
this point.

f) Check for scars or marks on the outer surround and
correct if found.

g) Siide onto the crankcase. The taper pin must be posi-
tioned on the top.

h) Temporarily fasten the taper pin and locknut.

i} After installing the main bearing head, bearing head and
shaft seal assembly, adjust the mediate bearing placed
with evenly gaps at each ends, and then fasten tightly
the locknut of taper pin.

2.5. Bearing head and thrust bearing

a) There are two kinds of port in the bearing head
dependant on the oil feeding method. In model A
compressors, the bearing head has an upward oii feeding
port (refer to Fig. 12). In model B compressors, it is
downward (refer to Fig. 14), since July 1969, and in
model 12B & 12-4B compressors, it is an upward oil
feeding port (refer to Fig. 17). Older type compressors,
both A & B, have the downward fesding port, Alternate-
ly tighten the screws securely.

Model A (since July 1974}, B (since July 1969), 12B and
12-4B compressors have pipes for seal oil return. Take
care not to bend these pipes. The direction of oil escape
must be towards the oil in the crankcase.

b} Check that it is correctly positioned in relation to the
bearing head and match these two ports perfectly.

If the thrust bearing is an zluminum backed metai, do
not forget to use a washer when fastening.

¢) After tightening the thrust bearing, turn the crankshaft
by hand to check for zbnormality.

d) The four screws must be fastened tightly. If this cannot
accomplished, disassembie the cover plate and set them
up again.

2.6, Shaft seal
a) Turn the notch of the seal collar upward, fit the locking

ball of the crankshaft in the notch, and insert the seal
collar by hand, tzking care not to damage the ““O" ring.

[f it does not enter easily, push it forward by tightening
the locknut carefully; check whether the locking ball is

seated in the noth. (Ref. Fig. 83)

b) Tighten the locknuts, alternately, tapping the spanner
handle with a hammer.

Take care not to damage the friction surface of the seal
collar, ' :

¢} After pulling out the crankshaft by rotating it by hand,
measure the clearance between the seal collar and the
thrust bearing with a thickness gauge at the top and
bottom and also right and left positions. {Ref. Fig. 84 &
Supplement 8.3.)

d) Fit the seal ring on the cover plate. Push the roll pin in
the hole and examine its operation by applying equai
force on the seal ring by hand, Care should be taken in
selecting the ‘O ring, according to the refrigerant, i.e.
Ammonia, Freon R-12 and R-22, '

e} Occasionally in case of Freon for model A,-two pieces of
helical springs are added.

f) Apply 2 sufficient guantity of oil to.the friction surface
of the seal collar and seal ring.

g) Inspect the gasket. [f it is a new gasket, apply oil and fit
to the cover plate.

h} Fit the cover plate over the crankshaft. Tighten the boits
uniformly and ensure that the oil drain pipe points
downward.

Fig. 83 How to set locknuts
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Fig. 84 Measuring thrust gap

2.7, Oil pump

 "msert the drag crank so that the pin hole on the
.. ~kshaft comes to the top. The groove comes in the
center,

b) Aitach the “O" ring to the oil pump,

¢} Insert the oil pump with its notch in the same direction
as the groove of the drag crank. Do not tighten forcibly
if the shaft of the oil pump does not enter into the
groove,

1) Tighten the screws uniformly after checking the direc-
tion of rotation.

2.8. Cylinder section

2.8.1. Piston
2) Mount the compression and oil rings on the pistons. Do
not align the ring gaps. (Refer to Fig, 85.)

&' in mounting compression rings, the stamped surfaces
snould be facing upwards. (Ref, Fig, 85.)

Incorrect Correct

Fig. 85 Arrangement of rings

Fig. 86 Mark on ring

¢) The standard arrangement of the rings is shown as
follows. These can be changed depending on various
conditions.

Combination of Piston Rings {Same usage for A and B type}):

|1l type piston 11 type piston
(Since Sept. 1973) {before Sept. 1973}
Ring NH3 R12,22 NH3 R12, 22
1st GA-P FC-P GA-P FC-P
2nd | FC-UC FC-UC FC-P FC-P
3rd FC-PC-BC3P FC-PC-B(.'.3p FC-UC FC-UC
4th FC-P‘CZ-BC3 FC-PC-B(.‘.3 FC-PC-BC3 FC~PC-BC3

Since September 1973, we have manufactured new rings
only, which are best suited to use on the type:lll. When you
need to renew the rings of type [l pistons, you use the
combination shown on the right side of the above table. At
that time, please make oil holes in the 1l type piston as
follows:

Type A, in the 3rd groove, 12 holes each 2.5mm dia.
Type B, in the 3rd groove, 12 holes each 3mm dia. and
below the 3rd groove, & holes 3mm dia.

Fig. 82 List of piston ring components,
For model A & B compressors

d} Special care must be taken when handling piston rings as
they warp easily. Warping may cause oil loss.

e) It must be confirmed that the rings move freely in the
grooves of the piston. if not, the ring is probably warped,
The gap between the ring and groove width is about 0.05
to 0.09mm as standard.

2.8.2, Connecting rods

Connect the piston and the connecting rod with the piston
pin. |t is idezl if the piston pin is tight in the pin hole of the
piston but slightly loose in the bushing hole of the
connecting rod. The tolerance between the bushing and the
pistan pin is 0.03 to 0.06mm. For this reason, it is some-
times driven inte the pin hole utilizing a block pad.

When replacing the bearings, do not mix the upper and
jower halves. Fit the halves into the rod and cap., Do not




forget to put the haif-having the oil hole in the center in the
rod side, not in the cap. When the connecting rods are
being assembled on the crankshaft, the numbers punched
on the rod and cap must be matched, (Ref. Fig. 87)

The replacement of old type connecting rods by the new
iype is acceprable,

Fig. 87 Assembly numbers for connecting rod

Bolt, discharge valve cage
Discharge cage

Spring, discharge valve v

Discharge valve -

Shcr.ion valve plate

Suction vaive

Lift pin

Spring, lift

Piston
Piston pin

Qil ring

Fig. 28 Bushing and piston pin of connecting rod.
(Needle bearing type)

No, 2 Nut

-

No, 1 Nut

Bolt, discharge cage guide
= Discharge cage guide
- Suction valve spring

il

Crankecase

Piston ring

Ol ring

Lock spring, piston pin
Cylinder sleeve

Bushing, connecting rod

e
Faiaiirn
LN

Connecting rod

Crank shaft

Thrust bearing
Shaft seal cover
, Cover plate

Bearing haif
Main bearing :_: :]r X

)

~

Crank shaft

v

|

Fig. 89 Piston, connecting rod and crankshafs, (Sectional)




2.8.3, Cylinder steeve

4 a) Check the direction of the notch on the cam ring

l referring to the cylinder numbers marked on the
crankezse and the direction of push rods.

T Since 1968, the support ring has been omitted from the

e cylinder steeve. It simplifies the disassembly of these

Lo parts, because it Is not necessary to disassemble the un-

loader section when pulling off the cylinder sieeve.

section when pulling off the cylinder sleeve.

b) The lower end of the cylinder sleeve is beveled, so that
the piston and rings can be inserted easily. If the top ring
enters the piston can be pushed in easily, Push it in
taking care not to damage the other rings,

Cxt should be taken not to damage the seat surface of
seeve ‘or the comers of the piston. Such damage will

The slanted notches are facing in opposite
directions.

2.9. Installation in casing
a) Screw the eyebolt into the piston head.

b) Attach the cylinder sleeve gasket to the back of the
slesve guard with oil.

Inspect the assembled connecting rod and cap.

(3]
—

d) Check the cylinder number,

e} Turn the crankshaft to bring the appropriate crank pin
to dead bottom.

f) Bring the piston 1o the dead top point of the cylinder
sleeve, '

g) Do not insert the crank fastening bolt pin, as it may
damage the shaft. The numbering marks of the connect-
ing rod and cylinder sleeve must be turned to face the

direction of the handhole side.

Assembie in the reverse order of disassembly. The
unloader push rod must be kept in the condition shown
by Fig. 54. When the guard of the cylinder sleeve enters
into the seat of crankcase, push down the piston and
install the connecting rod on the crankshaft, supporting
its large end by hand, Take care not to damage the
crankshaft with the bolts.

=
L)

i} Mount the cap. Be sure the match the pairs of numbers
stampad on the surfaces,

j} Tighten the bolts with a torque wrench according to the
torque loads indicated below. The proper torgue must
be obtained otherwise the cap of the rod will become
out-of-round,

Bearing Half Tightening Torque

fi/lb (kg/m)
Nuts Model A Model B
90 {1200)
Ist nut 43 .(600) in case of singte nut
2nt nut 35 (450) 60 (800)

k) Install the cylinders one by one rotating the crankshaft
stowly. The cylinder sleeves will jamp up if the crank-
shaft is rotated abruptly as it is not yet tightened down,

I} Check the lateral play of the connecting rods,

2.10. Unloader mechanism

a} Check the mounting position of the push rod. It enters
smoothly when pushed in slowly if the cam ring notch is
accurately located,




b) When the push rod has been inserted, correctly locate
the position of the cylinder sieeve, setting it to the
countermark (refer to Figure 92).

¢} Insert the untoader piston. Examine the movement of
the lift pin by pushing the unioader piston with your

thunb,

d} if the lift pin does not come up above the seat surface of
the cylinder sleeve when the countermarks meet and the
unloader piston is pushed, nor goes back when it is
released, examine whether the length of the push rod is
corract or whether the correct cam ring is being used.

e) When all inspections are finished, mount the unloader
piston cover,

In the case of newly replaced sleeves, take special care
when stamping marks. If the setting is incorrect, unioading
will become irreguiar and damage to the valve may result,

To stamp the marks on a new sleeve, push in the unloader
piston using a hanger eye-boit to bring the Iift pins of new
slegve to 2 position level with the seat. So positioned, the
lift pin moves in and out at the middle part of the piston

strike, Now set the other lift pins. Position the same as .

above by turning the sleeve and then stamping the marks,

Fig. 83 Push unloader piston with eye-bolt

2.11. Valve plate

a) Mount the suction valve springs. As the springs are
slightly tapered, push them in large end down twisting
against the coils.

b} For the cylinder with the unloader mechanism, remove
the cap bolt on the unloader cover, screw in an eyebolt,
and put the bank in the loaded position. Lower the }ift
pins by pushing the unlcader piston with the eyebolt
screwed in as shown in Figure 94. Neglecting this step
will cause damage to the suction valve or problems such
as gas leakage after assembiy,

c) Join the suction valve assembly and the valve plate.
Check that the valve is set properly.

d) To identify the valve plate, two classifications, according
to the model of the compressor, are used:

Classification 1: 2A 4A 6A 8A 42A 62A 4B(old) 6B 8B
Classification 2: 4B({new) 6B 8B 12B 42B 628 12-4B

1) Classification 1,

The valve plate in effect caps the cylinder sleeve
which extends above the surface. of the crankcase
0.004 in (0.1 mm). If the slesve does not extend
this far above the surface, add another cylinder gasket
to meet the required tolerance.

2) Classification 2,

The valve plate in effect is seated inside the ¢ylinder,
in this case the sleeve top is 0.0354 in {0.9mm) below
the top of the cylinder wall.

e} Put on the guide and tighten the bolts, Ensure that bolts
are tightened evenly.

f} When the valve plate has been attached, pull out the
eyebolt from the unloader cover. Do not forget to screw
in the cap screw (alien head) immediately after removal
of the eyeboit.

2.12. Fitting

a) Fit the screen for the scale trap, the suction strainer, and
oil strainer,

b) Before attaching the hand hole cover, feed a sufficient
quantity compressor oil into the crankcase,

¢) Attach the inspection port cover, the oil cooler and then
connect the oii piping. Clean the oil pipes by blowing air
or passing light oil through them,

i 1 B e —— e o




2.13. Confirmation of idle running

Refer to itermn 2.6 “"ldle running test” of "'Preparations for
operation.”

2.14. Discharge valve (assembly)

{ ) a) Put the discharge valve on the springs and tighten the
bolt, pressing down valve seat by hand.

s} Tighten nuts No. 1 and No, 2 {grooved nut). Torque to
values given below.

Ibfft (kg/m)
Nuts | Model A % Model B
No. 1 80 (11.0) ! 90 (12.0)
No.2 60 [ 8.0) 60 ( 8.0

operation as shown in Figure 97,

-, ~wmove any carbonized oil or slag with a wire brush
taking care not to damage the seat surface.

Fig. 94 Testing of discharge valve

2.15. Mounting parts

When idle running operation is finished, mount the dis-
tharge valves, the safety head springs and the head covers,
Muunting the head cover is easily done by screwing 2

headless bolt into the top center to support the head cover.
‘cover,

orque valves of the head cover bolts are as follows:

! Model A [ 800 kg/cm
i Model B | 1200 kg/em

g~
I

. ananoine assembly of these parts is finished, check

2,18. Jacket piping
install after cleaning the inside of the water jacket
completely,

2.17. Final inspection

Carry out final inspection before starting refrigerating
operation. Check whether eyebali has been removed from
the unloader piston cover, whather self-flaring nut for oil
pipings zre securely tightened, etc, )




CHAPTER 4. OPERATION OF TWO STAGE COMPRESSION

1. Preface

The zttached flow chart (Fig. 97) of a two-stage compres-
sion system shows the most common piping flow using a
liguid pump,

Operators should know the piping system, in particular the
position and function of each valve, and special features of
their refrigeration system. This flow chart shows two
compressors for two stages, high and low, but when
your system is compound, {type 42A, 62A, 42B, 62B &
12-4B) you must note the following substitutions:

Two stage Compound
=30, Suction stop valve (L) —— 212, Discharge stop valve (L)
=11, Suction stop valve {H Discharge stop valve {H)

{L) —— Correspending discharge valve (H)
(H)——Corresponding suction valve (L)

=31, Discharge valve
232, Suction valve

(L} Low stage side, {H) High stage side

and handie the compound compressor by starting revolu-

tion as a high stage side compressor and a low stage side

compressor at the same time.

High stage side

Low stage side

Fig. 96 Compound compressor system

2. Operation

2.1, Operation of newly instailed equipment

Refer to flow chart. (Fig. 57}.
Each rafrigerating system has a different construction,

working principle, etc., therefore, operating engineers (in
the case of new plants in particular} should ask the engineer
in charge of the installation of their refrigerating system for
explanations and carry out test runs with the help of the
contractors who did the job. You should not take delivery
of the system until you are fully convinced of its
performance.

2.2. Preparation for operation

{from initial air purge to refrigerant charge)

Check the installation condition of the complete refrigerat-
ing system, piping and wiring arrangements, etc. with the
sectional flow charts,

Confirm that you have certificates verifying the air tight.

ness of pipes,
apparatus, Confirm that there arz certificates for hydrautiic
and pneumatic tests for the relevant apparatus.

valves and other necessary parts and

a) Refer to Chapter 2, and review ail nacessary points.

b} If there is no vacuum inside the apparatus, you must
first bring it to this state by purging air.

1} Close all drain, purge and other valves around the
sides of the compressor, and open connecting valves
for circulation in the apparatus.

2) Make a vacuum of 650—700mmHg by connecting the
purge valve to a vacuum compressor.

3) Supply cooling water before operating the com-
pressor.

When the compressor is high stage side only.

Close #1 and fully open lower purge valve,

When the compressor is compound or tandem type
also close # 12 and open lower purge valve

Carefulty watch oil pressure of the compressor and
for overheating at the discharge parts,

Alternate air purging method.

Close valve #2, remove the bonnet of valve #1,
and let the air escape between #1 and #2, using
the by-pass vaive.

Choose the most convenient of the above methods,
methods.

4) As the compressor and the piping path are in a

vacuum, the refrigeration oil Within the compressor
may boil. Watch out for oil hammer while operating,
Operate the compressor continuously until the vacu-
um is approximately 600—700 mmHg and then cease
operztion. When stopping, shut off the compressor
purge valve, If any air remains in the apparatus when
starting actual operation, pressure will rise, wasting
electricity and making it necessary to repeat zir purging.
Therefore purge procedures should be done correctly the
first time,
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- 2.3. Refrigerant charge

23.1, Initial chargs

3) After creating the necessary vacuum within the com-
pressor, prepare for charging by suspending the ammonia
¢ylinder at an angle of about 30°, connection down-
wards, and connecting to the charge header.

Bl 4y 3 gerieral rule, use the high stage side compresser and
© Twrita as a single stage.

¢) Check the open/close status of ail valves.

Close:

Open:

Drain vaive and purge valve.

Main safety valve, pressure equalizing valve
liquid level gauge stop valve and main pressure
gauge valve,

D
e
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d) Safery vaive
¢} Float
fy Strainer
Ammonia g} Alarm belt
: cylinder h} Salenoid valve
g.:l:;?rng gy i} Check valve
e il Upper imit
k) Standard leved
B Lower limit
rig. 87 Piping flow chart of two stage compression
List No. 1
Type of equipment Open valve Closed valve 1
1. Compressor {high stage} | - #1, 11
2. Oil separator ! - #31, 44
3. Condenser | #2,3 ! -
4. Receiver (high pressure) | 24,35 P40
5. tntercooler ' | T43, %7, %9 © 26,8, 14
6. Receiver {low pressure} *222, ; #18,21,24

#16,17, 19, 20,
23,2829, 34,

36,39 }
7. Ammonia pump £25,33, 38 #37
8. Suction & liquid header | *241, 42, 46, #26
| #27, 45
9, Accumulator 32,35 i -
10, Compressor (low stage) - ¢ #1230

Y

shouid be adjusted




Exception for compound two-stage and tandem

type COmpresscr.
Clase #13, open =31 and operate for single stage
compressing of fow stage.

In this case, the motor capacity is small, so be careful to
maintain suitable unloading and check for superheating
of discharging temperature.

d) Supply cooling water to condenser and compressor, after
confirming open/close status of valves,

¢} Open #5 & 43, and also siowly open the valve of the
ammonia cylinder for directly filling liquid to the high
pressure side receiver. As soon as if becomes hard to
charge, close #3 and open #40 to enclose the liquid in
the low pressure side,

f) Open #1, start the compressor, and open #11. Control
the expansion valve of the liquid header and make the
suction pressure 1—2 kgfem?.

g) Continue to supply ammonia until the filling limit is
reached. Bring down the pressure to under O kgfcm? of
gas in the low pressure side and close #11, stop
operation of compressor and close #1. Continue o
supply cooling water for 20 to 30 minutes after stopping
operation,

Exception for two-stage compressar,

Close #30 & 11 and after stopping the compressor,.

close #1 & 12.

h) Liquid increases in the receiver during operation. Gener-
ally it will come up to the standard level but if it
increases a lot and the low side pressure becomes high, it
is necessary to control it,

23.2, Charging .... Special conditions

When the absence of piping makes singie stage operation
impossible with 2 compound compressor. {i.e. without
piping for #31 & 32.)

z) Refer to the above table, but of course with #31 &
32 omitted, .

b) Open #43 & 5, and also siowly open the valve of the
ammonia cylinder, for directly filling the liguid to the
righ pressure side receiver. As soon as it becomes hard to
charge, close #5. Up 1o this point it is the same as the

above.

¢) Open #6 and supply liquid to the inter-cooler, Open #9
from one to one-and-a-half turns and at the same time
open #12 & 1, then start the compressor. Make no-load
at ail the cylinders of the low stage. Open 311 siowly.
Confirm the action of float switches and solenoid valves

beforenand.

_—

d) When the liquid reaches the standard leve! in the
intercooler, open #40 and lead the liquid to the iow
pressure side by wrning the expansion valve of the liquid
header one to one-and-a-half turns, Open valve 30 and
load one of the unloaders, Operate and waich the
loading of motor. Be careful about overloading, control
high stage and low stage at the capacity ratio 1:1 at the
beginning, and then adjust low pressure o0 1-1.5
kgfem?

e) Operate continuously until it reaches the standard
guantity. The quantity will be increased in proportiomto
the load of the motor.

Exception: When there are no piping lines #40 & 41,
operata the ammeonia pump intermittently
and send the liquid to the evaporator, it is
noi possible to do continuous operation
because not enough liquid is supplied initial-
ly. 1t is much quicker to fill up by the
manual circuit, than by using the iiquid
pump for the injtial charge,

2.4, Cooling operation
Use single stage operation until the temperature comes
down to a suitabie point under —15°C for two stage
compression,

1

a)- Generaily use the high stage side compressor, but when
used at the same time as a low stage compressor, confirm
the capacity of the motor and adjust the unioader to
obtain suitable load.

b) Confirm the open/close status of all valves. {Ref. List
No. 2)

c) Check that all conditions are ready for operation, then
supply cooling water to the compressor and condenser.

d) Open discharge valve #1 of the high siage side com-
pressor and start, Open vajve #11 slowly to the full
open position.

¢} Open the outlet valve of the high pressure side receiver
and open valve #40, Open expansion valve #42 about
1/4 turn. Adjust the low pressure gauge to 1-2 kgfem?
for continuous operation.

f) Open valve #16, and supply liquid to the low pressure
side receiver when the temperature goes down to
between 0° to 5°C.

g) When liguid has filled the low pressure side receiver,
switch to operation of ammonia pump. Open valve #24
znd confirm that the liquid is entering the sump. Close
valve 740 and open valve #26, then let the pump start,
Operate the pump intermittently at the beginning, as the
liquid in the low pressure side recejver will s00n run out,




h) tnitially, it is much guicker to use manual circulation
£21, 22, together for the suppiy of liquid to the low
pressure side receiver. Close valve #22 after completing.

i) Let the liguid pump run continuously when the evapo-
rator contains sufficient liquid. Adjust the fiow rate
controf valve #42 Exp. to give an equal supply to all the
coils of the evaporator, For this adjustment close valve
#42 and all relative valves slightly until the discharge
pressure becomes 2 kgfcm?. (Lift of fluid is about 30
meters.) One adjustment is enough, so do it very
carefully.

j} Switch to two stage compressing when the refrigerating
termperature reaches —10°C 10 ~15°C.

k} tt is acceptable to do this switching while the com-
pressor is operating, but for the beginner it is safer to
stop the compressor after closing valve #5, and bringing
the low pressure down to about 0 kg/cm?,

List No, 2
{ Type of equipment Open valve Closed valve
1. Compressor (high stage) - #1, 1
2. Qil sgparater #32, #31, 44
3. Condenser #2,3 =
4, Receiver (high pressure) #4 5,40, 43
' 5, Inter-cooler * 47, %9

#10,13, 14,15 |  #6, 8, 43,40

#17,19, 20, 23,] #16, 18,21,
%g, 29, 34, 38, 22

. 6. Receiver (low pressure}

'f. Ammonia pump #33, 38 #2437
8. Liquid header #27, 41, 45 #28
*247), *46
9. Accumulator #32, 35 #12,20
10. Compressor {1ow stage) *¥ s3] **E13

* should be adjusted
**+in case of a compound compressor andfor low stage side compres-
sor.

2,5, Operation of compound compressor

Do not forget that it is a general rule that the compressor
be first started from the high stage side. Generally the
system has an electrical interlock but an accident may
result from opposite operation. :

"ose valve %32 for switching to two-stage from single
siage. (In the case of the low stage side, zlso used for
single stage, close valve £31 and open valve £13.)

b} Open discharge valve #1 at the high stage side and start
operation, then stowly open valve #11, Supply the liquid
to the intercooler by opening valves #5 & 6. Start
operation of the low stage side compressor when the
pressure reaches approx. O kg/em?.

¢} Open valve #12, start operation, and slowly open valve
#30, Waich the loading conditions of the motor.
Sometimes it is necessary to unioad. (Sometimes the low
pressure rises due to the evaporation of liguid remaining
from single stage compressing.)

d) When starting, watch the level of liguid in the low
pressure side receiver and operate the ammonia pump
intermittently after the low pressure goes down to about
0 kgfem?.

Watching the load on the motor, operate the low stage
compressor, and switch to full load operation. {The time
when it is possible to switch changes according to the
capacity of the motor)) h

(14
——

f) The pressure in the inter-cooler will be balanced after
the gauge has fluctuated due to loading of the low stage,
the supply of liquid to the inter-cooler and the high
pressure, etc, Generaliy this fluctuation will be between
T to 3 kgfem?, but it is nothing to worry zbout. if it
goes over 4 kgfcm?, then stop the jow stage side or
adjust untoading,

Adjust valve #3 to eliminate tripping of the solenoid
valve at short intervals.

_

g

k) During refrigerating operation, the operator must keep
to the rules of supervision and take accurate records of
operating conditions at least every one or two hours.

2.6. Stopping operation,

2.8.1. Temporary stopping

a) Close valve #5, and withdraw enough of the gas at the
low pressure side to make the pressure as low as possible
{under O kg/cm?} and close valve #30. Stop the low
stage side compressor, and close valve #12.

b) Bring the pressure down to O kgfcm? at the inter-cooler
and close valve #11. Stop the high stage side compressor,
and close valve £1,

¢) Supply cooling warer for 20 to 30 minutes after the
compressor has stopped.

2.6.2. Extended stopping

a} Withdraw as-much refrigerant as possible from the low
pressure side to the receiver of the high pressure side,
For this purpose it is necessary to stop and start the
compressor several times, until the liquid pipe of the
high pressure side, after valve £5 frosts.

b) Close the stop vaives between each set of apparatus.




* The above describes the general method of operating and
handling this equipment. Each operator shauld in-
dependently study and deveiop a method which is best
suited to his particular equipment.

* Routine checking:

It is necessary to conduct routine checking of all
equipment to facilitate operation of the equipment and
bring about efficient refrigeration.

The operator’s logbook is not merely for the szke of
records, but should enable you to take ail necessary -
measures for the prevention of accidents.

2.6.3. Routine Checking

1. Check the ocil in the e¢rankcase of the compressor, not _
only for quantity, but more importantly, for oil stain. : ]

2. Checking the tension of V belts.
Fastening bolts of coupling. ' O *
Flexible rubber par1s, for_cracks, wear or any damage.

3. Water circulation.

Staining of the cooling tower and the evaporative
condenser,

Condition of spray nozzie.
Scale in the pipes.
Sediment clogging the oil cooler,

4, High compression ratio,

Check the discharge valve assembly and remove carbon
at least once every two or three months.

5. Extract the oil from each set of apparatus.

Purge air from the condenser.

6. Check the operation of all safety devices,

HP, OPM discharge pressure of safety valves, etc.

e
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CHAPTER 5. SUPPLEMENTS:

1. Troubles and remedies

sign

Symptoms

Cause

Troubie

Remedy

(1) Flectric motor does not operate

1) Motor buzzes and

does not start,

Puliy won't rotate
by hand even after
removing belts.

A. Motor trouble,

B. Beltis too tight.

C. Load is excessively large.
{Pressure on high side and
pressure in crankcase are
too high,}

D, Voltage is low,

E. Cylinder sleeve, piston,
ring, or metal section
{shaft seal mechanism) is seized
up or becoming seized.

F. Single-phase cannection to auto-
matic control system or elactric
equipment is not correct.

Fuses are biown.

Motor short.
Motar short.

Motor short.
Sleeve, piston or shaft

seal mechanism is seized,

Automatic devices are
damaged,

{a} Inspect, repair or replace,

{h} Adjust.

(c) Oepn by-pass vaive
(crankcase low pressure)
to purge pressure in the
crankecase, Close suction
stop vaive, open discharge
stop valve and start com-
oressor again simultane-
ously,

(e) Disassemble-and Inspect,
adjust or change defec-

tive parts.

{f) Inspect and adjust.

2.

No reaction, when
magnetic switch
button is pushed.

A. Fuses are blown.

B. Magnetic switch contact is not
good or overload relay is still
in operating mode.

C. Wire is cut.

D. OP or HP switch is still in
operating mode, Either or
both of them are not reset,

Machine becomes inopefa-
tive. ’

[P —

{a} Inspect and replace.
(b) [nspect, repair or rep'\_lace.

{c) Reset, {Return to initial
{d} position)

Power is supplied
when hand is on
magnetic switch
button but inter-
rupted when hand
is off,

A. Connections to automatic control
devices are not correct.
B, Auxiliary contact is defective,

Machine becomes inopera-
tive,

{a) Inspect and adjust;

{b) Inspect, adjust or replace.

Motor stops shortly
after starting.

A. OP switch trips,
{a} Oil is exhausted.
{b} Oil pressure is low.
8. Discharge pressure is tao high,
and HP switch trips.
{a) Condenser is filled with nen-
candensible gas.
(b) Suction pressure is too high,

C. Liquid flc;ws back into crankcase
and checks pressure rise.
Consequently, OP switch warks,

" D. Connectiens to automatic con-

trol devices and magnetic
switch are not correct.

E. Overicad relay is working or
OF switch activazes.

Compressor becomes in-  ~
aperative or is seized,
Moter short or machine
becomes inoperative.

Machine becomes inopera-
tive,

Control system is damaged
or shorted,

Start is impossible.

{a} Replenish oil,
{b} Adjust oil pressure,

{a) Purge non-condensible
gas,

" (b) Take steps to increase
load.

(c}Change oil in crankcase or
remove refrigerant from
crankcase by operating
compressor and then
feeding warm oil.

{d)Inspect and adjust.

(e} Wait till bimetal switch cools
{about 5§ minutes), In this
case, change OP switch o
“Manual® and start operation.
After approx. 10 minutes
return to “Automatic”
operation after investigat-
ing the cause.




Symptoms

Cause

Trouble

Remedy

Abnormally high pressure

i)

1.

3
H

Condenser is warmer
than usual.

Head cover is over-
heated.

Cooling water in
evaporalive con-
denser is warm.
Condenser is warm
at the top but cooler
al the botiom.
Crankcase is frosted.

Needle of high pres-
sure gauge fluctuates.
Condenser s stightty
warmer than usual,

Cooling water quantity is notsuffi-
clent or water temperature is ico
high.

Cooling water is not distributed
unifarmly. Cooling pipes are
stained,

Fan trouble or spray nozzle and
strainer are clogged,

Refrigerant or ¢il remazins in con-

denser, reducing coofing surface area.

{a) Clogging between condenser and
receiver,

(b} Overcharging of refrigerant
{Receiver is full and liguid
remains In condenser.)

Alr in condenser or high pressure

gauge malfunctioning,

Gas passage is blocked as oil sepa-

rator is fitled with oii.

HP switch trips or safety
valve opens,

Power consumption increases
remarkably.

Cooling capacity decrease.

-—

N

Increase cooling water
flow or lower water
temperature, Make water
distribution uniform or
clean cooling pipes.

Inspect, repair and clean,

{a) Inspect, adjust and remove

obstacles,
{b) Discharge refrigerant.

Purge alr.

Drain oil.

{111) Discharge pressure is too low

2

-

5

Condenser and
receiver are cald.
Liquid pipe is
frosted. Suction
pressurs becomaes
vacuum,
Crankcase is
frosted, Head
covers are also
cald,

Suction pressure is
low and expansion
valve hisses,
Suction pressure is
high.

Cooling water quantity is too large
or cooling water temperature is fow,
Liquid pipe or suction pipe is
ciogged,

Wet compression due to excessive
opening of expansion valve
(suction temperature is low dus
to liquid flowback).

Shortage of refrigerant.

Gas leakage from suction valve,
discharge valve, piston rings or
oy-pass valve seat.

Capacity decreases.,

Danger compressor dis-
charge saction being
damaged by liquid hammer.

Cold storage chamber is
not cooled sufficiently.

Capacity decreases.
Sleeve s seized.

Adjust water flow regulating
valve,

Adjust valves, inspect and
clean.

Close expansion valves, with
compressor in operation,

Charge refrigerant.

Inspect valves and piston
rings, repair.
© Adjust or repair.

pressure
is too high

{1V} Suction

—

[ 3y 8 ]

Crankcase is

frosted.

Ammeter needle rises.
Pressure on high side
is low.

No frost.

Expansion valve opening is excessive,
Increase in |oad.

Decrease in compressor capacity

|gas leakage from suction valve, dis-
charge valve, sleeve or safety vaive).

Liquid hammer occurs.

Motor short.
Coid storage chamber
is not cooled.

Adjust operation (Close
expansion vaives)

Adjust operation,
Disassernble and inspect,
Change defective part,

Suclion presure is too low

v)

[
H

Temperature of cold
storage chamber or
brine temperature

is high compared to
temperature on

low side,

Liquid flows back
when expansion
valves are opened.
Suction pressure is
low compared to the
temperature of coid
storap chamber or
brine temperature
from the start of
operation.

Refrigerant quantity is too small
or expansion valve Is closed too
much, .

Qii remains in cooling coiis.
Too much frost or ice on
coaling coils,

Diameters of cooling coifs and
suction pipes are too small for
their leagth or there is too much
resistance,

Strainers on compressor and
suction line are clogged with
rust or residue,

Cold storage chamber
is not coaled sufficiently,

Reptenish refrigerant or
adjust operation,

Drain oil,
Defrost.

Wrong piping arrangement
or wrong design. Investigate
and improve,

Clean

i

L
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{VIt} Crankcase is overheated

overheated.

{i) Discharge pres-
sure is high.

(ii} Suction pres-
sure is high,

2. Oil temperature
rises,

3. Cooling water for
compressor does
not flow smoothly.

4, Shaftseal mechanism
is unusually hot.

to rise of candensing temperature
or increase of refrigerating {oad.

Accumulated carbonized oil or siag
or clogging of gas passage due 1o
combustion of lubricating oil.
Discharge valve plate is broken, or
gas Is leaking,

Qil cooler is defective ar lubricat-
ing ofl is insufficient.

Pump is overheated due 1o
stained ail or clogged oil

strainer,

Cooling water quantity is insuf-
ficient or water passage ¢logged.

Mechanism is seizing.

Increase in adhesion of
carbonized oil or siag,

Abrasion or breakage of
metal section, and seizure
of sleeve.

Cooling capacity decreases,

Carbonized oil or slag 2d-
hesion or pump seizure.

Abrasion or seizure in
metal section or
adhesion of carbonized
cil or slag in discharge
section,

Seal seizure or breakage.

Sign Symptoms Cause 1 Troubie Remedy ;
z 1. Metatlic sound is A, Foreign matters entered Danger of discharge a) [ Disassemble, repair or '
A heard continuous- between cylinder head and section, piston or shaft replace.
i ly. piston. breakage. b)| Disassemble and repiace.
H B. Discharge valve, suction vaive
K or piston ring is damaged.
B 5 2. Shaft seal mecha- C. Abraston, seizure or breakage ¢} Disassemble and replace.
£ = nism is overheated. of merals, etc. {Be careful as this trouble
¥ ‘g is sometimes caused by
3 :: clogging of oit pipe.)
§ IE D. Abncrmal high pressure. Extremely dangerous, d) Stop operation immediate-
PE ly, investigate causes
3 2 and repair.
L g E. Oil pump is damaged. Danger of seizure. e} Stop operation immedk
H ! "; ately, investigate the
§ = czuses and repair..
H 3 3. Crankcase is F. Liguid hammer, f) Tighten expansion vaives
1 ks frosted. during operation.
'i § Discharge section or piston < If sound is\Epo heavy,
E 4 is broken. close suction stop valve
fl’{ and open it little by
- little until sound minimal.
> 4, Heavy discharge G. Qil hammer g) Prevent abnormal oil
e sound around consumption, (If liquid
' head covers. flowback oceurs
simultaneously, take the
. above-menticned steps at
the same time.)
1. Head cover is Increase in compression ratio due Ofif waste. Increase coollng water

guantity for condenser or
[ower water temperature,

Disassemble, inspect and
clean or replace.

Disassemble, inspect and
replace.

Lower pressure on high
side,

Clean oif cooler, increase
cooling water guantity,
Change oil, Clean oii filter,

As lubricating oil has
deteriorated, replace,
Increase cooting water
quantity.

Repair or replace.

{VHI} O consumpinm . amdinagy

:

1. Crankcase becomes
frosted easily.

2. Nothing abnormal
is found efsewhere,

3. Head cover is
overheated,
. 4. Ammeter nsedle rises

power) even when
refrigerating koad is
normal.

5. Oil presusre is 190
high.

. Qill pressure is low,

oh

Crankcase is
averheated,

(consumption increases

Liquid flowback which causes
boiling of oil,

Equalizing hale of crankcase is
clogged( too large in case of
vacuum operation) or suction
strainer is choked up.

Ofl is wasted by burning due 1o
abnormally high pressure,
Cylinder sleeve is broken or being
seized or ring is worn or scuffed,

Qil pressure is tec high while oil
viscosity is normal.

Oll viscusity dacreases (bubbles
or oil temperature rises).
Overheaied operation dus to
abnormaily high pressure on
high side,

Compressor becomes in-
operative,
Qil hammer oceurs.

Accurnuiztion of carbonized oil
or slag,
Sleeve or piston is
seized,

Qil hammer cceurs.

Moving parts seize.

Oil viscosity decreases.
Adhesion of carbonized
oil or siag.

Adjust operation. Refer to

Article V1 on liquid hammer,

Inspect and clean strainer,

Lower pressure on high
side, (Refer to Article 11),
Inspect, adjust or replace,

Adjust.
Replenish or replace oil.
Replace with proper

viscosity oil,
Laower pressure on high

side,




2. Compressor troubles

Traubie

Cause

Compressor stoppage due Lo
electrical failure

Trouble due to mechanical
or other defect of compresser,

Troubie due to defective
driving method.,

Overheating

Excessive noise

Abnormal compressor vibra-
tion.

Abnormal ofl consumption

Lubricating oil is stalned.

Oil leakage from shaft seal
mechanism,

Pressure gauge indication
is incorrect.

Cooling watar jacket is
broken by frost.

Motor troubie, Disconnection, seizure, imperfect insufation, lack of oii.
Component part of control system ar control panel safety device is out of order or not adjusted
correctly.

Seizure, abrasion or breakage, Imperfect assembly, employment of defective materials. Leakage
from valves, leakage from safety valve,

Compressar becomes Ineperative due to deterioration of |ubricating oil, seizure or carbanization
of oif due to mixing with other kind of oil.

“ Breakage, slipping or slackening of V belt, flywheel imbalance, incorrect angle, or pitch of groove.
Inaccurate alignment.

Pressure on high side is too high. Shortage of cooling water, stained oil or water,:cr clogging of
cooling water Jacket, [nsufficient line passage due to carbonized oil or slag accumulation, rough
operation of valve, Seizure of moving parts or shortage of lubricating oil.

Large compression ratio, abrasion or slackening of moving parts, shortage of oil pressure ar oil
supply quantity, head spring hits disc due or hammer caused by liquid flowback,

Slackening of base retainer bolts, incomplere foundation work, Imperfect tightening of base and
foundation, improper position of pipe stays, motor imbalance pulley, incorrect adjustment of
balance section, inaccurate alignment of V belt or sympathetic resonance with factory buiiding.

When oll s ‘mixed with liquid in the case of liquid flowback, when a vacuum occurs in the

crankcase by closing the suction stop valve suddenly when gas flow is not uniform, when crankcase
is overheated, abnormal abrasion of piston rings, scuffing of piston and sleeve or excessively high

oil pressure.

Water has entered crankcase, metallic particles in oil or oil of other kind or oxide is mixed in,
When sea water is used as cooling water, corrosion may occur, allowing sea water to leak out.
imperfect fitting, imperfect sealing as a resuit of deterioration of *0" rings.

Inadequate gas or oil pressure.

In severely cold areas, especially In the winter season, jacket is sometimes cracked by freezing of
water not been drained out through drzin cock.

4

Relation between discharge gas ternperature and operat-

ing pressure.

Notes:

i.

. If suction gas is heated, the actual temperature will be
higher with that degree of superheat than the value on

Discharge gas temperature Td is a vaiue on the Moliere
diagram, as it is an insulated compression, (degree of
superheat is 0°C}, but it is not the actual temperature,
because the jacket is cooled by water, and also the actual
temperature becomes higher if there is condensible gas

such 25 air present.

the diagram.

3. The approximate operating range limits are as follows.
follows:

Compression ratio: 9
Discharge gas temperature:
(but if operation time is short, 180°C.)
is 10°C.

Evaporative temperature:

Te=-47.3+0.632 Tc =2.5 (% -9

Pd
( I unchzanged)

Use 130°C on the diagram, when the degree of superheat

140°C (actual value)is accaptable

)
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Fig. 88 Diagram of relation between discharge gas tempera-
ture and operating pressure

Obtaining the discharge temperature Td from the above
figure.

Ps Suction pressure 1.4 kgfem?® (T soesommenens —15°C)

Ts Suction gas temperature
' —5°C (degree of superheat .. 10°C)

Pd Discharge pressure

11 kgfem®  {Te meemnees about 30°C)

Then, for discharge gas temperature:

You may get about 100°C at the intersection point {3)
where (1) and {2) cross.

Add superheat 10°C, because suction gas is saturated
condition.

Td=100°C +10°C = 110°C This value must be near the
actual discharge gas temperature. Do not use any value in
the shaded area for the good of the compressor however.

Checking must be done at once when abnormal discharge
emperature conditions are found, even If there is no
change in the conditions of operation, otherwise extensive
damage, broken valves etc. may result.




4. Monitoring Refrigerating Operation

Narma| Conditions

Abnormal Conditions

—

Cause

RemedyY

Ammonia & R-22
1§4=190 psi

Higher than 190 or
130 psi respectively

Cooling water is inadequate or
waier temperature is high

1

——

Increase cooling water quantity

Clean

Freezing chamber
09 in. Hg — 7 psi
(250 mm.Hg — 0.5 kg)

Coid storage

given at left

low

1) Expansion valve is closed too
much or is clogged

2} Oil remains in evaporator

'3) Evaporator s frosted

= (8—13.5 xg) 2} Cooling surface of condenser
S is stained
&z R-12 3} Refrigerant overcharging ..... Adjust quantity of refrigerant
A 85—130 psi receiver i3 fuil and refrigerant
E (6-9 kg) stavs in condenser
i 4} Ajr in the system ..... gauge Purge air
3 needle fluctuates
::: 5) Condenser capacizy is insufficient] install additional unit
el
& Lower than 114 ar 1) Shortage of refrigerant or Adjust
85 psi respectively leakage
2} Cooling water temperatuse is No remedy needed,
low
Ammonia Not within the ranges When pressure on low side is too ,
~y

Improve refrigerant flow

Drzin
Defrost

3) Oil quality dereriorated
4} Oil pump trouble

=

la

3

» Q10 psi

E (0-0.7 kg) N 4} Temperature is below specified Conirof capagity

g lce making value

2 4

E (114__122 isgl) When pressure on low side is high

g ’ (storage chamber is not cooled)

& R-12 1} Refrigerating load increased Install additional unit
2142 psi 2) Refrigerating capacity decrease Inspect and adjust

B (1.5-3.0kg) 3) Refrigerant lezkage Inspect and adjust

Pressure on low side + Higher than the value 1) Oil pressure is not correctly Open oii pressure regulating
1728 psi given at left adjusted vaive

= {1.2-2 kg) 2} Oil viscosity Increased as a Close expansion valve

g result of liquid flowback (initial

- Qil car: be seen through state of flowback).

§ oil sight glass

3 Lower than the value 1) Viscosity of oil degreased due Adjust oil pressure

a given at left: to rise in oil pressure

& 2) Cuno-filter is clogged Clean the filter

Change oil
Inspect and repair

Temperature (discharge)

Ammonia & R-22
176—284°F
(80—140°C)

R-12
104—194°F
(40-50°C)

Higher than the value
given at left

1) Abnormally high pressure

2} Increase cornpression ratio

3) Shortage of coaling water

4) Gas leakage (from piston rings,
sleeve or vaive)

Clogging due to carbonized oil
and slag in discharge section,
6) Sucticn strainer clogged

7) Scuffing of sleeve

8) Overheated operation

5

Refer 1o pressure on high side
Refer to pressure on high side
Ingrease water quantity or clean
Inspect and repair

Clean
Clean

Repiace,
Adjust expansion valve

Lower than the value
given at left

1} Liquid flowback

2} Unloader mechanism is in un-
loaded condition

Pressure on high side is
abnormally low

—

3

Clase expansion valve
Investigate the cause and adust
inspect

- &8 -
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Normazl Conditions

Abnormal Conditions

Cuase

Remedy

Temperature {shaft seal seclion)

86~131°F
{30—55°C)

Inspection point

a) Oit pump

b} Compressor shaft seal
on flywhee| side

Higher than the values
given ar left,

1} Abnormaily high pressure

2) Overheared operation

3) Shortage of cooling water for
compressor jacket

Clogging of cooling water
jacket

Rie in ofl temperature

—_—

4

—

5

—

&) Increase in compression ratio
Troubie with ot pump

8) scuffing

9} Clogging of oil piping

-~
o

Lower pressure on high side
Adjust expansion valve
Increase water quantity

Clean

Lower temperature

Clean oil coaler

Lower pressure on high side
Inspect and repair

Inspect and repair

Inspect, repair or ciean

Lower than the value
given at left

1) Liquid flowback

Adjust expansion valve
Raise oil temperature

Electric current

Within specified rate
(refer to motor specifi-
catiang, czpacity and
horsepower of
compressor}

Higher than specified
rate

1} Increase in load

2) Pressure on high side is high
and pressure on low side is
alse high

3) Voltage drop

4) Scuffing in compressor

—

Set unloader mechanism in
moticn, install additional urit
or close suction stop valve

Adjust
Inspect-and repalr

5) Trouble with motor, particu-" Ingpect and repair
larty, motor overheating
Ammeter needle 1) Stip ring is damaged by Inspect and repair

fluctuatas

burning {wound rotor type
miotar) or contact is not good

Voltage

As specified

Lower than specified
value

1} Incoming power capacity -
shortage

2} Generator capacity shoriage

3] Main power shortage

Instali additional unit

tnstall additional unit
Contact electric company for
adjustment




5. List of saturation temperature and gauge pressure

. Condensing t .
j . IE Evaporative temperature and pressure OSQS";;ZSESU‘::‘D
: i
Temperaturs | 40 | —35 | —30 | —25 | —20 | —15 | —10 | -s| o 25 | 30 | 35 | 40 °C
!
| Ammonia (NH?) (cﬁfﬁghcg’zogg) 019 | 051 | 091 | 138 | 193 | 259 | 3.35 | 9.19 | 10.86 | 12.73 | 14.82 | kg/ems
27.89 (15.50 #0.72 .
Freon (R12} {szHg] (chHg) cmZHg 0.23 0.51 0.83 120 1.63 zn 5.61 856 | 7.61 8.76 | kgjem
Freen {R22) L 0.04 | 0.31 | 0.63 1.02 ! 1.46 1.98 2.58 ! 3.29 4.04 961 | 11,121 12,78 1 1460 | kgfem?
6. lnsufficient temperature drop
—
Causz Remedy

Symptoms

Fressure on low side does not fal[

1) Shortage of cap'acity

a} Refrigerating compressor
b) Evaporator
¢} Condenser

2} tncrease in load

—

Insufficient insulation or deterioration
of insulating material
Abnormally high pressure

3

4

n
—

Leakage of refrigerant

inspect. If nothing is abnormal, install addi-
tional unit,

Install additionai unit

Instail additional unit

Install additional unit “
If temporary, continue operation

If continuous, install additional unit
Inspect and repair

Reduce pressure on high side by Increasing
gooling water, cleaning condenser, purging
zir or installing additional unit

Inspect and repaiv

Pressure on low side is tow

Suction line is not frosted
Liquid flowback is apt to oceur

Heated operation

{expansion valve closed too much)
2) Shortage of cooling surface

3) Too much frost on evaporator

4) Oil stays in evaporator

5} Suction line js too smat]

1

e

Adjust {open) expansion valve

Instalt additional unit
Defrost

Drain oil

Repair piping

Pressure on high side is high
Lower part of condenser is cold

Receiver Is full of liquid

1) Shortage of cooling water or rise in
water temperature

2) Shortage of condenser capacity

3) Staining of condenser tubing

4} Overcharging of refrigerant

5} Clogging of discharge line

{ncrease water quantity

Install additional unit

fxcessive ail consumption
{temperature on discharge side
rises)

1) Abrasion of compresston rings
2) Scuffing
3} Leakage of rafrigerant

Clean

Withdraw rgfrigerant
Repair piping
Replace

Inspect and repair
Inspect and repair

- 70 -
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7. Troubleshooting and overhaut

There are two times when compressor problems are most
likely to happen. The first is at the start of operation, in-
cluding test running, and the next is when abrasion occurs.

Care should be taken on these points when starting test
running. After a certain peried of test running, the
compressor runs in a stable condition. Periodical checking
must be made avoid by abrasion problems.

a} A compressor is overhauled once every 6,000 hours of
operation as a rule. Even if the compressor is used for
only & short time, it is advisable to overhaul once a year,

b) A refrigerating system which is operated for more than
8,000 continuous hours should have a periodic
inspection once a year, In addition to this, the valves and
bearing and crank metal sections should also be
inspected at least once a year.

¢) If the discharge temperature is too high, carbonized
oil or slag adheres easily to the discharge section. Over-
haul the discharge valve section and change oil when
necessary.

If the cooling water contains a large amount of sus-
pended minerals examine the inside of the cooling sec-
tion of the crankcase, oil cooler, etc., and clean if
necessary.

d

—_—

e} Prior to operating a compressor which has been left un-
used for a long period, do the following:

{3) Carrying out a working test of protection devi
{3) Carry out a working test of protection devices, auto-

matic control devices and/or supply device.
(4} Clean all strainess, .

8. Standards for changing of parts

To operate MYCOM compressors in their best conditian,
inspect according to the following standards and make
repairs whenever necessary.

8.1. Compressor oil in the crankcase

Check the oil in the oil drum (bottom part of crankease} in
the crankcase through the hand hole cover. If a scale, metal
powder etc, are found, determine the source of correct. The
¢czuse may be scale from suction side piping, abrasion of
- «inder or piston rings, stc.

If yellow meatal powder is found in the oil, it is from ab-
rasion of piston ring.

82, Suction strainer, oil strainer and cuno-filter

Clean with trichlorethylene, carbon tetroxide or light oil,
iispect to make sure solder is not off or screen is not
B =0, A broken screen allows foreign matter to enter and

causes scuffing of the compressor. Stainiess steel must be
welded with flux treatment,

Inspect to see if filter discs and blades move smoothly.
Sometimes, blades are bent. If residua is deposited inside,
remove with a safety razor blade and clean the inside by
passing light oil or biowing compressed zir from inside {in
the direction of oil pipe fittings). If this is done from out-
side, foreign matter will remain inside and enter oil pipe
during operation, causing abrasion and scuffing of the com-
pressor,

8.3. Crankshaft

The abrasion of wearing parts of the bearing must be
checked and measured by a micro-meter. In practice, it is
sufficient to measure gaps between the metals, and the
abrasion can easily be found by feeling the bearing surface.
If scars are found, they must be polished with fine emery
paper or wet stone.

The oil hole gassing through the shaft must be well cleaned.
Clean and pass oil into the blind hole severai times. Do not
forget to fasten the blind piug after.

Replace the crankshaft only if abrasion exceeds the values
listed below:

* Padding is absolutely not allowed,

¢ (mm)
Model A Model B
Connecting rod bearing 69.85 89.82
Thrust bearing 82.40 111.85
Main bearing 66.90 91.85

8.4, Shaft seal parts

If the moving surface of the seal collar or the seal ring does
not make good contact, correct the surface by lapping or
grinding with 2 fine compound. Afier correcting, rémove
the compound. The moving surface of the seai coilar should
not be stepped. Replace any “‘O’ rings which have
hardened, expanded or cracked.

8.5. Piston, piston pin and piston ring.

The piston is rarely subject ot abrasion. When its outer
diameter becomes smaller then the value shown below,
replace the piston with a new one.

® (mm)

Piston Modei A Model B

Quter diameter 94.83 128.78




If any vertical scratches are found on the surface, remove. If
the width of the ring groove has become markedly wide .....
larger than 0.10mm, replace as this will cause abnormal oil
consumption. The piston pin should fit tightly in the pin
hole of the piston. However, if the clearance between the
pin and the hole becomes larger than 0.20mm (model Alor
0.25 (model B) replace the pin. Clearance for new pin is
0.10mm.

Replace the piston pin when the outer diameter of the pin
becames smaller than the values below: 6 (mm)

Piston pin Modei A [ Model B

Quter diameter 25.05 L 39.90

The life of compression rings varies according to the
operating conditions under which they are used. judge
whether they are to be replaced at the time of inspection. if
the contact between the compression ring and the cylinder
wall is not good or abrasion is unusual, replace the defective
compression ring with 2 new one.

If abrasion is uniform and the amount of zbrasion is not
clear, either replace with a new one or determine the
ciearance by putting the ring in 2 comparatively new
cylinder sleeve; if it is larger than the valus shown below,
replace the ring with a new one.

{mm)
‘Rings Model A Model B
Gap clearance
top ring 2.0 2.5

If there is burring of the edges of the ring, remove by
chamfering with a grinder.

8.6. Connecting rod

Replace the connecting rod if the clearance between the
bushing and piston pin (new one) exceeds 0.20mm. To
replace the bushing only a jig is required. |f this replace-
ment is unavoidable, give 2 honing finish after pressure-
insertion. When inserting, see that the piston pin hole
is perpendicular to the rod. The bearing halves should be
replaced if the clearance between bearings and crankshaft

exceeds the vaiue shown below.
{mm)

-

Connecting rod Model A Model B

i Clearance %.25 0.30

The bearing is designed so that the radius is !arger than that
of the connecting rod and the bearing halves make a perfect
circle when tightened; (i.e. the diameter of the bearings
is larger than that of the connecting rod). If the two circles
have the same diameter, replace it with a new one even if it
is not worn. To assemble, install each bearing half with
potches in the same direction.

Connecting rod

_/ Upper bearing haif
=7 A

27/ Lower bearing half

2

U |

Fig. 89 Connecting rod and bearing halves

b,
0

| 1 !

Fig. 100 Bearing tolerance

1} To replace the bearing halves with new ones, when you
find that the width of the groove of the bearing notch
section is larger than that of the connecting rod groove
section by a maximum of 0.1mm, reduce the excessive
part with a fine file and join them together.

2} In case of replacement, make sure the edge of the
bearing is not protruding beyond that of the connecting
rod. Standard dimension of the bearing is 2a <b. When
itis 22 = b, do not use it, as it is a bearing of inferior
quality. Therefore, to instali the bearing, they are not
tightly fixed unless you push them in with your thumbs.




8.7. Cylinder slesve

The standard height of the seat surface of the cylinder
sleeve is 0.5mm. The guard thickness is reduced when the
seat surface of the cylinder sleeve guard is lapped, so adjust
the reduced thickness with the gasket for the cylinder
steeve. The thickness of one gasket is 0.2mm.

If the inner surface of the sleeve is not a mirror surface but
has vertical scratches, cloudiness or marks of seizure from
scale, make the surface smooth with a piece of fine GC
grinder or emery paper which is finer than No. 1200. The
degree of abrasion can be seen by comparing with the upper
part .. about 3mm from the top ... where the top com-
pression ring does not reach. The clearance between the
piston and the cylinder sleeve determines whether the later
should be replaced.

If the maximum clearance between the bottom of the
piston and the cylinder sleeve exceeds the value shown
below, replace only the sleeve with a new one, If the
clearance is still larger than the value mentioned below,
even after the sleeve has been renewed, then change the

piston also, (mm)
Cylinder slesve Model A Model B
Maximum clearance
with piston 0.30 0.35
Maximum inside
diamater 95.15 130.15
Standard inside
diameter 95.0 130.0

8.8. Discharge vatve and suction vaive (assembly)

Remove carbon deposits with a wire brush. The life of the
plate valve is about 6,000 hours. When this period has
elapsed it is recommended that you renew the plate.

The maximum allowable abrasion is 0.2mm from the
standard thickness, which is Tmm for type A and 1.3mm
for type B.

Even if the seat surface is not worn, replace it with a new
one if the surface of the valve does not make uniform
contact with the springs. Also check the springs.

Vaives seats for discharge and suction valves;

A seat surface which is not worn uniformly is to be
adiusted by lapping. If the valve seat has dents or marks
due to refrigerant leakage, remew the seat, depending on
the severity of the dent or mark.

The maximum allowable abrasion of the valve seat is

0.25mm.
The cylinder gasket must be prepared beforehand, as top
clearance is changed after correction of the seat,

8.8. Cil pump

If the oil pressure does not rise even after adjusting the oil
pressure regulating valve during operation and if the cause
Is not abrasion of the bearings, take the following steps.

-‘-bve the oil pump shaft back and forth holding the shaft
0 your fingers, |f there is a crack in the bushing or on

the side, the part is worn away. In this case, replace the
whole assembly. However, never dlsasemb!e the assambly

when nothing is wrong with it.

If the oil pressure does not rise when the oil pump is in
normal condition, inspect the safety valve and/or the oil
strainers for abnormality. :

8.10. Free length of springs

The springs for discharge and suction valves are changed
after periodic inspection carried: out after every 6,000
hours of operation. Renew other springs. when they becomé
shorter than the standard free length. The maximum
allowable shortening is 10% from the standard length

Standard free length of springs:  ~ (mm)”
Springs Modeal A : Model 8 .
Helical 18.0 - 16.0
Suction valve 13.0 13.0 I
Discharge vaive 12.7 12.7
Head 820 St 920
Lift pin 100 12.5
Unloader devica 720 ! 75.0

-

81 1. Main bearing and thrust bearing

if the gaps between main bearing, thrust bearing and shaft.
become larger than the values shown below, renew.

The motor side of the thrust bearing is easily abraded 50 do
not over tension the belts, o

{mm]
Maodel A " MadelB
Mediate
bearing
Maximum clearance ) B
between the bearing 0.25 0.30 0.45
and the shaft
Inner diameter: '
Main bearing 67.15 92,18
Thrust bearing 82.65 112.18 N
Thrust gap maximum 0.3

8.12. Gasket

Replace if broken or elasticity is gone. Check the matching
of holes for bolts and oil at assembyl

2.13. Bolts

Inspect to see whether the bolts for connecting rod and

discharge valve seat are broken. Renew them if the threads
are duil. Also inspect the threads of the head cover screws
and replace if are dull. Special care should be taken after
trouble such as oil hammer, liquid hammer and or burning
have occured.

9. Selection of comprassor oil
The quality of the lubricating oil significantly affects the




life of a compressor. Therefore, use oil of the best
quality. If.z large amount of carbonized oii or slag adheres
to the discharge valve cage, or if moving parts show
premature abrasion when the compression ratio and the
discharge pressure are not high and the oil consumption is
normal, check the following:

a) Whether oil contains impurities or any foreign matter, or
whether oil is of poor quaiity.

b) Whether oil is stained or aged, even when it is an oil of
fine quality.

Judging the quality of lubricating oil is very difficult.
Generally, it can be judged only after actual use. Therefore,
the best way is to buy a weil known brand from z reliable
dealer. Avoid sefecting oil by price only.

The important factors for the oil are viscosity against the
temperature rise, low pour point and high flash point. After
purchasing, oil should be stored with the utmost care to
avoid contamination by impurities such as water or dust.
This could cause abrasion or corrosion of the compressor,

;
S . ' Redwood © Rate of
| Viscosity s
i Class | Color . Flash per sec. . . Emulsification
| No. | {union) Redttion| poing ég:é) 122°F Corrosion Pour Point by Evzporation
{50°C) (per sec)
— - n
150 | Max 3 | Neutral ?I‘S‘Sfc‘;" 15220 Ming0 | Max1 | _LRvErihan Max 209
329°F up . Lower than
300 § Max 4 .Neu.zral {165°C) 301 £20 | Min 91 Max 1 —27.59¢ Max 200
Class No. 300 oil is usually used; Capella D, Daphne CR42
{or CR45), or Suniso 4G are most suitable for MYCOM .
COFT'IPFESSOFS.. v
10. Piston ring
' Parts No,
Sectional view ... . Kind Specification
’ i Type A Type B
FC-P For Freon use, Top, SAP4TT SBP411
P il
! GA-P For NHa use, Top. SAP431 SBP431
p '
T
g FC-UC For NHs & Freon, 2nd. SAP413 5BP413
R
) FC-T AP412 BP412
N
G
. GAT, AP432 BP432
GA-UC AP433 8P433
FC-PC-BCyp For NH; & Freon, 3rd. SAP527 SBP527
-0 FC-PC-BC, For NH; & Freon, 4:h. SAPS528 SBP528
|
L
R FC-C. AP514 BP514
|
N
G FC-PC-BC, AP525 BR325
GA-C, APS34 BPS34

* Srandard  Semi standard
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11. Hand Tools
Name ‘ Q| Series A <:§,eries.8 i
iWidth across flats of socketi\Width across fiats of:socket)
e o 12, mmo e
1 * 14 mm « 19"mm e
Box Spanner 1 " " e % mm om ™
1 * 17 mm « 26 mm v
1 " " " t
1 “ 21 mm e %é ggz !Png S.PCke
.' L' -I s v .
T 13
Box Spanner Handle : : 390 ¢ 3002
Hexagon Bar 1 Width across flats 5 rr‘u-nl . Width acréss f-.latls ’5 mm
Spanner l 1 ” 10 mm et 14 mm
1 14~ 17 mm 14-17 mm N
Double Headed Wrench 1 17 ~ 19 mm 17 ~19 mnm
1 21 ~23 mm . 21 ~23 mm
| , | With 1 bolt with Tbolt . _ . _
o " " 44 ]D 1 —
Pulley Puiler 3314” x 100 mm 2 3[4 %100 mm
With 2 bolts . -With 2 polts "= ‘
P 1.1/2" x 45 mm 12" x 45 mm
: Lo
Locking Nut Spanner ! 1 Sraall S -1
j e
Hanger Eye Bolt 1 147 I
Ber =y 5/16™
Monkey Wrench 1 10" 10"
Extension Bar 1 67 107
Ratchet handle 1 14" R 1L
Sponge 1 20 x 160 x 1680{mm} | "20 x 160-x 160 (mm)
Oil Charging Hose R 15¢ x 200 x 750 {(mm) "15¢ x 20¢ x 750 (mm])
Discharge Valve 1 With 2 bolté ‘"Wi:h 2 bolts
Disassembly Tool .
'Stud Balr. Polished (T e | 2 1/27 x 69 mm 5/8" x 60 mm




Temperature measuring plug ! Thermometer {I type) Thermometer (L type)
Arﬁ.“ﬂo; & X ® Art. No. Art. No.
JO 470A 3% BT long THS For high pressure use THIL, For high pressure use
JO 480A % P.Txshort{for 42A) TLS {0 ~200C} TLIL (0 ~2007C)
For low pressure use For fow pressure use
{—350~50C) {=30~50C}
&
®
® @ ®
Square plug (for low pressure) Elbow Tee
Art. No. Art. No, ® x ® Art. No, DX BXO
JOAP 8 ¥ P.T JOL 8H ¥ PT X} P.T JOT 8H 1 P.T
JOAPID: % P.T JOL10H 3¢ P.T x3% P.T JOTI10H %P.T
i JOAPIS ¥ P.T JOL1SH ¥ PT xX¥PT JOT15H ¥%P.T
{7 JOAR20 ¥ P.T JOL20H % P.Tx3% PT JOT20H ¥P.T
JOAP25 1 P.T
j. JOAP3Z 1 4P.T (For high pressure use)
JOAPIE 14PT

"—L'
@

: Sgg_t:‘for unload_er manipulate valve

‘ Half union Special tee {reduction}
Art. No. ® X @ Art. No. ® X ® Art. No, . ABXB®XO
T 1O 4270 W19 thread 16X 6 ¢ JO 4240 % PFX6p . JO 5510 3 P.TXI124X 6 ¢
30 4260 W10 threadl§ X 8 & JO 5450 % P.TX8 ¢ :
) ®
r 1 m
i —,
® 7’:--‘ = “: i © ®—- ’ L : @
ey, :_.;;;J‘ .
3 Special tes Electric control fitting Electric control fitting
" At No. BHXB®XO Art. No. ® X ® Art, No. ® X ®
JO 5520 | 3¢ PTX126<KP.T JO 5680 | B ¢} W16'Sthread/in | JO 3030 | 6 ¢x W1ltSthread/in

Electric Eq.n;rpi fitting

Electric control fitting

Electric conrtrod fitting

AfNa,. & X B Art. Na, BXBxXxO Art. No. @& X @
JO 020 W112%thread/; i
x WIS thread/in | JO 3010-1| 8 @xWisihthzeadiin | 5o 5650 T ad
rea n

We reserve the "3“‘10 change design specifications according to technical developments and improvements without notice.
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