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ATTENTION 
Please carefully and thoroughly read and understand all aspects described in this instruction 
manual before operating, inspecting, or performing any maintenance work on the compressor.
Be sure to keep this instruction manual carefully at a predetermined place, such that the 
manual is readily accessible whenever it is needed. 
Specifications of this product are subject to change without prior notice.  
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Chapter 1 Safety 

1.1 Observation/Prevention (DOs and DON'Ts) 

1.1.1 DOs 

1.1.1.1 DOs on Operation 

 Make sure to attach safety and protective devices to the package unit. 

 The safety devices and protection systems must be regularly checked for their normal 
operation. 

 If any safety device or protection system does not function normally or this product operates in 
an abnormal manner, immediately stop the work and contact your supervisor. When the 
system is to be restarted, you must observe the decision and instruction of the supervisor. 

 If this product has stopped operation due to an unknown cause, immediately contact your 
supervisor. Before restarting the system, you must seek the decision and instruction of the 
supervisor. 

 Depending on the type of refrigerant used, its leakage may generate a bad smell or poisonous 
gas. Be sure to sufficiently ventilate the room while the machine is operated. 

 Regarding the characteristics of the refrigerant and lubricant, e.g., corrosiveness, degradability, 
and toxicity, be sure to obtain the Safety Data Sheet (SDS) of them and follow the instructions 
given. 

 When this product is not to be used for some period of time, close the suction (side) and 
discharge (side) stop valves and shut off the motor power source, heater power, and control 
power. 

1.1.1.2 DOs on Maintenance 
 Prepare work procedures based on a work plan. Be sure to perform danger forecasting before 

starting the work. 
 If two or more people are to work together, be sure to mutually check the work details and 

procedures before the work. During the work, always keep track of the other workers’ actions. 

 Before working on any troubleshooting during operation, before setting up this product, before 

cleaning work, and before conducting maintenance or inspection work, be sure to shut off the 

motor power source, control power, and power to other equipment, perform lock-out and 

tag-out procedures, and take effective measures to prevent any accidental power-on during 

the work. 

 Before working on any troubleshooting during operation, before setting up this product, before 

cleaning work, and before conducting maintenance or inspection work, be sure to check that 

the internal pressure of this product and the refrigeration/cold storage unit is at the 

atmospheric pressure. 

 Depending on the type of refrigerant used, it may generate a bad smell or poisonous gas or 

could cause an oxygen deficient atmosphere. Before starting the work, measure the oxygen 

content in the work area, as appropriate, and provide sufficient ventilation. The ventilation 

must be continued steadily until the work is completed. 

 Regarding the characteristics of the refrigerant and lubricant, e.g., corrosiveness, degradability, 

and toxicity, be sure to obtain the Safety Data Sheet (SDS) of them and follow the instructions 

given. 

 After work, the tools used must be returned to the predefined location. Be sure not to leave 

them inside the package unit. 
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1.1.1.3 DOs on Lockout/Tagout after Shutting Off the Power 

 A lock-out/tag-out mechanism must be installed for the main circuit breakers that supply power 

to the motor and power to the control system. The lock-out/tag-out after power down is a very 

effective means to ensure the safety when two or more workers are working on the system at 

the same time, as it can prevent possible injury of workers that may be caused by accidental 

power-on of the driving source by one of the workers. 
 

 If there is a risk of danger, especially during cleaning, maintenance/inspection, or 

troubleshooting work, be sure to let the workers perform the lock-out/tag-out procedures after 

the motor main power and control power has been shut off. 
 

 Because the workers may neglect to perform the lock-out/tag-out procedures or cut-off the 

power in the following situations, be sure to instruct them to strictly follow the correct 

procedure by clearly identifying the work that require lock-out/tag-out and the reasons why it is 

needed. 

 As it is a cumbersome task for the workers to cut off the motor main power and control 
power and use lock-out/tag-out devices before starting the work, they might neglect to do 
it. 

 The workers might determine by themselves that it should be OK just to cut off the motor 
main power and control power, and not use any lock-out/tag-out devices. 

1.1.1.4 DOs about Personal Protective Gear  
 The work must be performed by preparing or using the personal protective gear that conforms 

to the applicable legal requirements and safety standards. 

 Before use, each personal protective gear must be checked for proper functioning. 

 Wear designated regular working wear or uniform and securely fasten the cuff buttons. 
 
 Do not wear a tie or other accessories that may get caught by a moving or rotating part. 

Wear a helmet as your hair may also get caught. 

 Do not have anything in your pocket to prevent objects from falling into the machine. 

1.1.1.5 DOs about Handling of Hazardous and Toxic Substances 

 For each of the dangerous goods and hazardous materials, obtain the safety data sheet (SDS) 

from the manufacturer. 

 Carefully check the details of the safety data sheet (SDS), handle the material according to the 

recommended handling procedures provided by the manufacturer, and keep the SDS in 

storage. 

1.1.1.6 DOs about Handling Emergency Situations 
 Develop an emergency action plan according to the applicable legal requirements and post it 

at a safe place. 

1.1.1.7 DOs about Waste Oil, Fluid, and Materials  

 Disposal of the refrigerant, oil, and other materials used in this product is restricted in various 
ways in terms of environmental protection. Be sure to dispose them at the designated site 
using specified procedures by observing the rules set forth by the applicable laws, regulations, 
and any voluntary regulations of the customer. 

 



2200M4JE-HO-W-N_2014.04. 
Chapter 1 Safety 

W-Series Reciprocating Compressor 1.2 Warning Notices in this Manual 
1-3 

 

1.1.1.8 Other DOs 

 The entire floor around the refrigeration/cold storage unit must always be kept clean, and 

safety passages must be provided. 

 During work, walk only on the above mentioned safety passages. Note that the safety 

passages must always be kept free from hindrances such as tools, cleaning liquid, etc. 

 When water or oil is spilled onto this product or on the floor, immediately wipe it off for not to 

cause someone to slip and be injured. 

 
 

1.1.2 DON'Ts 
 Never remove or reposition any safety device based on your own judgment, including any 

modification of electrical interfaces. 

 Never disable the function of safety devices by short-circuit connections or bypassing the 
circuits without prior permission. 

 Never leave this product in an unsafe condition by removing a safety cover, etc. 

 Do not to touch, clean, or lubricate any moving part of this product. 

 While power is turned on, never touch any energized part such as a relay terminal or terminal 
block by bare hand. 

 

   

1.2 Warning Notices in this Manual 
The warning notices given in this manual inform the user of any dangerous situation that may be 
expected during the work using the four categories as listed in the following table. 

Ignorance of these warnings can lead to a significant personal injury, and in some extreme cases, it 
could lead to loss of life. 

In addition, the main unit or any accessory equipment may be severely damaged. Be sure to observe 
the instructions in the warning notice. 

 
 

Table 1-1 Types and Meanings of Warnings 
 

Type Meaning 

 Indicates that there is a high risk of death or severe injury if it is not avoided. 

 Indicates that there is a potential risk of death or severe injury if it is not avoided. 

 Indicates that there is a risk of light or medium injury if it is not avoided. 

 Indicates that there is a potential risk of property damage if it is not avoided. 
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1.3 Residual Risks 
The following information is provided assuming that this product will be operated, inspected, and 
maintained while it is used in a general refrigeration, cold storage, or air conditioning system. 
However, it is impossible for us to foresee all the sources of risk in the particular refrigeration, cold 
storage, or air conditioning system that the customer will actually use. 

As such, the customer is requested to take proper measures regarding the possible sources of 
risk. 

Table 1-2 Hazardous Sources 

 
Risk Area Predicted hazard 

Measures to be taken in 
operation 

Measures to be taken when
cleaning, inspection,  

and/or parts replacement 
A Drive system  Contact with or getting 

caught in a rotating part
 Falling off of moving part
 Recovery after 

interruption of energy 
supply 

 Installation of a guard,  
cover, or other protection 
device 

 Keep away 

 Lock-out/tag-out for the motor 
main power and control power

B Head cover  Getting a burn by 
touching it when it is hot

 Installation of a guard or 
other protection 

 Wearing a personal 
protection device 

 Keep away

 Wearing a personal protection 
device 

 Perform the work only when 
the temperature is 40°C or less

C Discharge 
pipe 

 Getting a burn by 
touching it when it is hot

 Installation of a guard or 
other protection 

 Wearing a personal 
protection device 

 Keep away

 Wearing a personal protection 
device 

 Perform the work only when 
the temperature is 40°C or less

D Unloader 
solenoid 
valve 

 Electric shock  Installation of a guard or 
other protection 

 Wearing a personal 
protection device 

 Keep away

 Lock-out/tag-out for the control 
power 

E Heater  Electric shock 
 Burn 

 Installation of a guard,  
cover, or other protection 
device 

 Wearing a personal 
protection device 

 Keep away

 Lock-out/tag-out for the power 
to the heater 

 Wearing a personal protection 
device 

 Perform the work only when 
the temperature is 40°C or less

F Suction 
(side) stop 
valve 

 Contact with or 
inhalation of hazardous 
material 

 Low temperature burn 

 Wearing a personal 
protection device 

 Sufficient ventilation 
 Installation of a guard or 

other protection

 Wearing a personal protection 
device 

 Sufficient ventilation 

G Discharge 
(side) stop 
valve 

 Contact with or 
inhalation of hazardous 
material 

 Burn 

 Wearing a personal 
protection device 

 Sufficient ventilation 
 Installation of a guard or 

other protection

 Wearing a personal protection 
device 

 Sufficient ventilation 
 Perform the work only when 

the temperature is 40°C or less

H Gas purge 
valve 

 Contact with or 
inhalation of hazardous 
material 

 Wearing a personal 
protection device 

 Sufficient ventilation

 Wearing a personal protection 
device 

 Sufficient ventilation 

I Oil drain  Burn 
 Contact with hazardous 

material 

 Do not touch while in 
operation 

 Wearing a personal protection 
device 

 Perform the work only when 
the temperature is 40°C or less

J Noise  Hearing impairment due 
to loud noise 

 Wearing a personal 
protection device

— 

K Motor  Getting a burn by 
touching it when it is hot

 Electric shock 

 Wearing a personal 
protection device 

 Lock-out/tag-out for the motor 
main power and control power

 Wearing a personal protection 
device 

 Perform the work only when 
the temperature is 40°C or less
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Symbol Risk Area Symbol Risk Area 

A Drive system F Suction stop valve 

B Head cover G Discharge stop valve 

C Discharge pipe H Gas purge valve 

D Unloader solenoid valve I Oil drain 

E Heater - - 

Figure 1-1 Risk Areas (example: 6WA) 



2200M4JE-HO-W-N_2014.04. 
Chapter 1 Safety 

W-Series Reciprocating Compressor 1.4 Safety Devices 

1-6 

1.4 Safety Devices 
For the safe use and protection of this product, necessary safety devices must be equipped as 
required by the applicable laws and regulations and according to the following descriptions. 

To keep the safety devices in a normal condition at all times, proper and regular maintenance and 
inspection are essential. Accordingly, it must be treated as one of the essential tasks in the 
maintenance and inspection activities for the equipment. Be sure to provide the user of this 
product with sufficient information regarding the type of safety devices used, their locations, 
functions, and how to inspect such safety-related devices. 

 

 Check the safety devices after turning on the power and before operation of this 
product. If they do not operate normally, immediately take countermeasures. 

1.4.1 Emergency Stop Button 

 Overview, functions, and objectives 
The emergency stop buttons are used for emergency shutdown of this product when an 
emergency situation arises. 

 Installation location 
At the local control panel and in the operation control room 

 Stopping and recovery methods 
The operating procedures for the emergency stop button, i.e., how to stop the operation and 
restore the normal operating condition, must be clearly defined and the information provided to 
the user of this product. 

 Inspection method and inspection interval 
The emergency stop button must be tested for normal operation before each commission and 
at regular interval. The inspection procedures and the inspection interval for the emergency 
stop button must be clearly defined and the information provided to the user of this product. 
 

1.4.2 Circuit Breakers for the Motor Main Power and Control Power 
(with lock-out/tag-out mechanism) 

 Overview, functions, and objectives 
If there is a risk of danger due to accidental power-on of the drive system during the work being 
conducted after the motor main power and control power have been shut off, e.g., during 
cleaning, maintenance/inspection, or troubleshooting work, it is necessary to install a 
lock-out/tag-out mechanism to the circuit breakers of the motor main power and control power 
in order to prevent possible injury of the workers. 

 How to implement and restore the lock-out/tag-out function 
The methods of implementing and restoring the lock-out/tag-out function must be sufficiently 
communicated to the user of this product by clearly describing the said methods by referring to 
the relevant specifications provided by OSHA (Occupational Safety & Health Administration) or 
others. 

 Inspection method and inspection interval 
Refer to the instruction manual of the unit for the inspection method and inspection interval for 
the lock-out/tag-out mechanism. 
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1.4.3 Safety Cover (drive system) 

 Overview, functions, and objectives 
The safety cover is used to prevent the workers from contacting with or getting caught in the 
drive system of this product. 

 Installation location 

 
 

 
 
 
 
 
 
 
 
 
No. Name No. Name 
1 Safety cover, drive system (for direct drive) 2 Safety cover, drive system (for belt drive) 

Figure 1-2 Example installation of the safety cover for the drive system (6WA) 

 Inspection method and inspection interval 
The inspection procedures and the inspection interval for the safety cover must be clearly 
defined and the information provided to the user of this product. 

 

1.4.4 Safety Valve 

 Overview, functions, and objectives 
The safety valves are used to prevent rupture of the compressor when the internal pressure of 
the compressor becomes excessively high. 

 Installation location 
The safety valve on the discharge side must be installed between the compressor and the stop 
(service) valve. It must be functional even when the service valve is fully closed while the 
compressor is operated. 

 

 The discharge side of the safety valve must be properly processed according to the 
applicable laws and regulations for the refrigerant type. 
If ammonia gas is released in the air, it is likely to cause health damage such as 
intoxication or bad smell. If the gas is discharged into a closed space such as a 
machine room, it can cause a significant accident such as oxygen deficit. 

 Setting 
The set pressure of the safety valve must be at or below the design pressure of the 
compressor. The set pressure of the safety valve must be clearly specified and the information 
provided to the user of this product. 

 Inspection method and inspection interval 
The safety valve must be tested for normal operation before each commission and at regular 
interval. The inspection procedures and the inspection interval for the safety valve must be 
clearly specified and the information provided to the user of this product. 

 
 

1 2 
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1.4.5 Automatic Control and Protection Devices for the Compressor 

 Overview, functions, and objectives 

 Reduced oil pressure protection device (OP) 

When the oil pressure of the compressor (i.e., the oil pressure gauge reading minus the 
suction pressure) is reduced due to insufficient amount of the refrigerant oil, clogging of 
the filter, and/or mixing of refrigerant into the refrigerant oil, this device will automatically 
shut down the motor drive circuit to stop the operation of the compressor. 
This function prevents the possibility of abnormal friction or seizure of the sliding surface 
as well as the inoperability of the unloader. 

 High pressure protection device (HP) 

When the discharge pressure of the compressor becomes extremely high due to 
misoperation of the compressor, no water in the condenser, etc., this device will 
automatically cut off the motor circuit to stop the operation of the compressor. 
In this way, possible explosion or other harmful effect to the system is prevented. 

 Compressor capacity control: Low pressure control device (LP) 

For a compressor, the number of cylinders determines the number of capacity control 
stages. 
In principle, the capacity is controlled for each bank consisting of two cylinders. Thus, if the 
compressor has 8 cylinders, the capacity control can be made at 4 stages. Similarly, 6 (4) 
cylinder compressors can have 3 (2) stages for capacity control. 
There are two methods of capacity control, i.e., one is to automatically control the capacity 
by detecting the suction pressure and the other is to manually control the capacity. 
The automatic capacity control uses the signal detected by the low pressure control switch 
to open or close the solenoid valve in the hydraulic path. This will operate the unloader 
piston, which is the mechanism to control the capacity of the compressor. For the 
operation sequence, refer to Chapter 4, Section 4.2 “ Operation Sequence of the 
Unloader” of this manual. 

 Connecting point 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                    Figure 1-3 Pressure Detection Points (2WA, 4WA) 
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Figure 1-4 Pressure Detection Points (6WA, 8WA, 42WA, 62WA)  
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 Setting 
The setting of reduced oil pressure protection (OP), high oil pressure protection (HP) and low 
pressure control (LP) must be clearly specified by referring to the following table and the 
information provided to the user of this product. 

 
Table 1-3 Example Setting 

 Operate (ON) Release (OFF) Timer Recovery 
Reduced oil pressure 
protection device (OP) 

Low pressure + 
0.15 MPa 

Low pressure + 
0.17 MPa 

30 sec. Manual 
recovery 

High pressure protection 
device (HP) 

2.0 MPa or less* ― None Manual 
recovery 

Low pressure control 
device (LP) 

Depends on the refrigerant used and the system. Automatic 
recovery 

[POINT] 

 Set the operating point for the high pressure protection device (HP) at a pressure lower than the 
safety valve starting pressure. It is recommended that it is set to a value any abnormality can be 
quickly detected, considering the refrigerant used and the system characteristics. In addition, if 
the pressure is electrically measured and a control circuit (e.g., sequencer) is used to generate 
the alarm, it is recommended to generate a pre-alarm when the pressure gets near the abnormal 
level. 

 Inspection method and inspection interval 
Each compressor protection device must be checked for the settings and tested for normal 
operation before each commissioning and at regular interval. The inspection procedures and 
the inspection interval for each compressor protection device must be clearly specified and the 
information provided to the user of this product. 

 

 

 For the operational test, use a pressurization tester or other device to confirm that 
the alarm and/or switch are normally operated. Never operate the compressor in a 
dangerous condition, such as when the valves are fully closed. 

 

 If the reduced oil pressure protection device (OP) or high pressure protection device 
(HP) is operated, the cause of the operation must be removed before recovery to the 
normal operation. 
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1.4.6 No Water Alarm 

 Overview, functions, and objectives 
This alarm is used to prevent possible overheating of the head cover and/or refrigerant oil due 
to the inoperability of the water-cooling head cover and/or water-cooling oil cooler. 

 Installation location 
Cooling water system 

 Setting 
The no water alarm setting must be clearly specified and the information provided to the user 
of this product. 

 Inspection method and inspection interval 
The no water alarm must be tested for normal operation before each commissioning and at 
regular interval. The inspection procedures and the inspection interval for the no water alarm 
must be clearly specified and the information provided to the user of this product. 
  

1.4.7 Oil Heater and Thermal Switch 
 

 

 If the heater and the thermal switch is not dipped in oil when it is powered, the heater 
can be easily overheated and broken (heating with no oil).  
Always carefully check the oil level before applying power to the heater. 

 Overview, functions, and objectives 
The oil heater is a cartridge-type sheath heater. It is a pressure-resistant sealed type heater, 
with the heating wire covered by insulators and the outside of the unit is sealed by a stainless 
tube, and is designed to maximize the heat dissipation area.  

The oil heater is used to prevent excessive mixing of the refrigerant into the oil as well as to 
prevent possible condensation of the refrigerant in the crank case while the compressor is not 
operated. As such, it is used only while the system is not operated (not used during operation).  

 Installation location 
The thermal switch used to control the temperature of the heater is mounted inside the heater. 
The temperature setting dial can be checked by opening the heater cover. 

 Setting 
The thermal switch setting must be clearly specified and the information provided to the user of 
this product. 

 Inspection method and inspection interval 
The thermal switch must be tested for normal operation before each commissioning and at 
regular interval.  

The inspection procedures and the inspection interval for the thermal switch must be clearly 
specified and the information provided to the user of this product. 
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Chapter 2 Compressor Mechanisms and Specifications 
2.1 Compressor Mechanisms 

2.1.1 Overview of W-series Compressors 
 
The  W-series reciprocating compressors are piston compressors designed to be used 
with various types of refrigerant. While the W-series includes type WA, WB, and WJ compressors, this 
manual is intended only for the type WA and WB compressors.  
The main difference between the WA and WB-types is in the bore/stroke ratio, where the WA-type has 
the bore/stroke of 95/76 mm and the WB-type has 130/100 mm.  
The WA-type includes 5 different models, i.e., 4WA, 6WA, 8WA, 42WA, and 62WA, and it boasts a long 
production run since September 1988.  
While the production of the WB-type compressors have been already terminated being succeeded by 
the type WBH compressors from January 2006 and further succeeded by the WBHE type compressors 
from September 2008, the seven standard models, i.e., 4WB, 6WB, 8WB,12WB, 42WB, 62WB, 
12-4WB, in the WB series are mostly still in operation worldwide.  
These models have different number of cylinders to meet the needs of the customers for various 
capacity ranges. Also, for intermediate capacity range requirements, the rotation speed is changed. In 
this way, it is designed to meet a variety of customer needs. 
 

2.1.2 Sectional View of the Compressor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1 Sectional View of the Compressor 

Head cover Head spring 

Plate valve  
(discharge/suction) 

Piston and cylinder 
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2.1.3 Gas Compression Mechanism 
 
The inside structure of the compressor is such that the gas discharge compartment is separated from 
the gas suction compartment in an integrated construction casted crank case. 
The crank shaft, i.e., the drive shaft, which is supported by bearings at both ends, forms a crank to 
convert the rotating motion to the reciprocating motion. By linking the connecting rod to the crank 
(crank-pin), the piston is moved up and down to suck and compress the refrigerant gas. The crank has 
oppositely placed two crank pins (separated by 180 degrees in phase), and each pin is assembled with 
the connecting rods, the number of which is half the number of cylinders. 
One rotation of the crank shaft makes one up/down cycle of the piston to complete the suction and 
discharge strokes. 
 

 

 

 

 
 
 

 

 

 
 
             Top dead center    Suction stroke   Bottom dead center   Discharge stroke 
 

Figure 2-2 Movement of the Crank Shaft and Piston 

 
The W-series has five types of cylinder layout, i.e., 2 cylinders × 2 lines (2 × 2) V-shape layout of 4 
cylinders (crank angle interval of 90 degrees), 3 × 2 layout of 6 cylinders (crank angle interval of 60 
degrees), 4 × 2 layout of 8 cylinders (crank angle interval of 22.5 degrees), 3 × 4 layout of 12 cylinders 
(crank angle interval of 60 degrees), and 4 × 4 layout of 12-4 cylinders (crank angle interval of 45 
degrees). 
Mechanical seals are used for sealing the crank shaft. 

 

2.1.3.1 Suction Stroke 

a) When the piston goes down, the discharge plate valve is pressed onto the seat surface of the 
cylinder lip by the gas pressure after the discharge and the discharge spring force.  

b) While the piston continues to go down, a pressure difference is generated between the suction gas 
chamber and the cylinder, of which gas pressure pushes up the suction plate valve from the path 
through the cylinder lip. As a result, the refrigerant gas vaporized in the evaporator is introduced into 
the cylinder.  

c) When the piston reaches the bottom dead center, the gas chamber pressure becomes 
approximately equal to the cylinder internal pressure, and the suction plate valve is pushed onto the 
seat surface by the suction spring force. This completes the suction stroke and it move to the 
compression stroke. 
 

2.1.3.2 Compression Stroke 

a) As the crank shaft rotation continues, the piston starts to go up. When the gas pressure inside the 
cylinder starts to increase, the cylinder internal pressure is applied to the back of the suction plate 
valve and the valve is further pressed closely onto the seat surface.  

b) As the piston further goes up, the pressure inside the cylinder is further increased. When the 
pressure exceeds the pressure of the condenser, it pushes up the discharge plate valve to 
discharge the gas from the cylinder to compete the compression stroke at the top dead center. By 
repeating the above cycle, continuous compression will be made. 
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Figure 2-3 Flow of Refrigerant Gas in the Compressor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4 Sectional View of the Cylinder 
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 Suction and discharge valves and head spring 

The W-series compressors have a valve plate for each cylinder. Each valve plate is fastened to the 
crank case together with the discharge valve cage guide. 

Although the discharge valve assembly can 
move in the up/down direction being guided by 
the discharge valve cage guide, it will be fixed 
in position during regular operation because it 
is pushed down by the head spring. 

However, when the pressure is suddenly 
increased due to liquid compression for 
example, the discharge valve assembly will 
push up the head spring to avoid over 
compression, thereby protecting the 
compressor components such as the piston. 

 
 

 
 

Normal Compressed  
(Head spring operates) 

     
                                                      Figure 2-5 Head Spring Function 

2.1.4 Unloader Mechanism 
 

The unloader (capacity control) mechanism is implemented in order to reduce the start-up load of the 
compressor and to deal with the variation in the refrigeration load during operation. The unloader 
mechanism is operated by hydraulic pressure. By keeping some suction valves open at all times, it 
disables the compression process of the selected cylinders. As such, by changing the number of 
disabled cylinders, it can change the capacity of the entire compressor. 

Figure 2-6 illustrates the mechanism of operation. While the inlet gas is sucked into the cylinder 
through a path provided in the flange of the sleeve, this path is opened or closed by the suction plate 
valve (orange ring in the figure). The loaded state is shown to the left side of the figure. When the 
unloader piston (shown as a green cylinder) is pushed by the oil pressure, the spring (coil-shaped blue 
part) is pushed and compressed to move the unloader push rod (rod in light blue) to the right. The 
unloader push rod has two square bosses (to work on two cylinders), and they push the respective cam 
rings (dark blue rings) to move them for approximately 15 degrees. 

Each cam ring has a slope cut. When one end of the lift pin (red pin) is in this slope cut, the other end of 
the lift pin will not make contact with the suction plate valve, making the plate valve freely movable in 
the up/down direction. This is the state when the cylinder is loaded for operation. 

The unloaded state is shown to the right side of the figure. When the back of the unloader piston is no 
more pressed by the oil pressure, the piston moves to the left. As a result, the lift pin will be placed on 
the flat part of the cam ring, out of the cut in the cam ring. This positions the lift pin higher than when it is 
in the loaded state, and the plate valve is constantly pushed up (to keep the valve open). 

As the plate valve is always open, the gas introduced into the cylinder chamber will not be compressed 
when the piston goes up and will escape into the suction chamber without changing the gas pressure. 

 

 
Figure 2-6 Unloader Mechanism 
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The internal oil pump will start operation only after the compressor has been started up. Because of this, 
the cylinders with an unloader mechanism will not compress the gas until the oil pressure becomes 
high enough, even if the hydraulic system has been enabled. 
This effect reduces the initial start up torque to some extent. If it is strongly desired to further reduce the 

load at the startup, it is recommended to start from the minimum load and to gradually increase the 

number of loaded cylinders. 
 

 
Unloader solenoid valve 

 
Manual unloader valve 

 
When it is desired to unload the cylinder, open the unloader solenoid valve (or manual unloader valve) 
to release the oil pressure by discharging the oil from the unloader, as the oil from the oil pump is 
designed to always flow into (i.e., push) the unloader piston. Close the solenoid valve (or manual 
unloader valve) when it is desired to load the cylinder. 
By using solenoid valves and low pressure switch or sensor (LP) signals, you can set up the system to 
automatically control the capacity. 
For the smooth operation of the unloader mechanism, a small item in the oil supply piping is 
implemented with a diaphragm of 1 mm diameter, considering the balance between supply and 
discharge of the oil. 
On the oil discharge side, the W-series compressors are implemented with solenoid (manual) valves 
with a 3 mm diameter orifice. 
When R404A is to be used as the refrigerant, valves with a 5 mm diameter orifice will be used to avoid 
possible slow operation. 
 
When the solenoid valve is closed, the oil out of the oil 
pump passes through a 1 mm diameter diaphragm and 
pushes the unloader piston in the unloader cylinder. 
 
When the solenoid valve is opened, the oil in the 
unloader is discharged to the crank case through a 5 
mm diameter orifice and 6 mm (inside diameter) pipe. 
Although the oil through the 1 mm diameter orifice is 
still supplied, less flow resistance in the discharge side 
and the force of the unloader push rod and device 
spring prevent the unloader piston from moving. As 
such, the unloader piston will not move and the system 
will become unloaded. 
 
Either a manual valve or solenoid valve may be used 
for the unloader by changing the bonnet. 
 

 

Figure 2-7 Manual Valve and Solenoid 
Valve 
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2.1.5 Oil Supply Mechanism 
 

2.1.5.1 Oil Supply Path 
 
A sufficient amount of lubricant will be retained in the oil receiver in the bottom of the crank case, and 

the oil will pass through the strainer at the bottom to be sucked by the oil pump attached to the end of 

the crank shaft. The resulting pressurized oil will be supplied to the various parts. 
  
The oil pressurized by the oil pump is first 
fed to the outside from the main bearing 
head through a pipe, cooled by the oil 
cooler, and then returned to the crank case 
again from the oil cooler outlet. In this, the 
flow is slightly different between the WA and 
WB-types. 
 
In the case of WA-type, the oil coming out 
of the oil cooler is supplied to the bearing 
head and then internally branched to the 
shaft seal and the thrust bearing.   
The oil to the shaft seal is supplied through 
a small hole and returns to the crank case 
from the top of the bearing head.   
The oil to the thrust bearing enters the 
crank shaft through a lubrication groove in 
the thrust bearing and supplied to the crank 
pin and connecting rod, while the remaining 
oil is supplied through an oil hole to the 
main bearing and main bearing head and 
supplied to the unloader.   
The remaining oil returns to the crank case 
through the pressure control valve. 
 
In the case of WB-type, as the amount of oil 
supply from the oil hole in the crank shaft to 
the main bearing is insufficient, the oil out of 
the oil cooler is also supplied in parallel 
using a pipe in the crank case.  
Among the WB-type models, as the models 
12WB and 12-4WB are with a longer crank 
shaft, the oil is supplied from three 
locations, i.e., from the intermediate crank 
shaft bearing, thrust bearing, and main 
bearing, to make it safer. 
 

 
Figure 2-8 Oil flow of WA-type compressors 

 

 
Figure 2-9 Oil Flow of WB-type Compressors 
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Figure 2-10 Oil Flow of Model 12-4WB Compressors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oil pump for models 12WB and 12-4WB 
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2.1.5.2 Oil Pump Types and Design Changes 

Different types of oil pumps are used in the W-series compressors, including the ones for WA-type, for 
WA-type low speed version (650 min-1 or less), for WA-type to use HFC23 refrigerant, for single stage 
WB-type, for two-stage WB-type, and for single stage WB-type to use HFC23 refrigerant. These pumps 
have different types of name plates. The following table summarizes the types of oil pumps including 
the associated design changes: 
 

Table 2-1 Oil Pump Types and Design Changes for W-series Compressors  

Comp. Type 
 

Pump 
designation 

Name 
plate 
type 

Design changes 

Issue date 
of design 
changes 

notification

Change details Remarks 

WA-type 
 

Type A 
standard 

(excluding 
R23) 

MA 
Feb. 26, 

2007 

Flange thickness: 19 mm → 20 mm 
Bolts of main unit: M8 × 4 → M6 × 6 
Fastening bolts: M10 × 30 → M10 × 35

Old and new pump 
assemblies are 
compatible with each 
other. 
Production was 
discontinued for old 
units. 

MAS Apr. 25, 2012
Added a through hole on the shaft, 
changed the model name. 

Fastening bolts:  
M10 × 35 

WB-type single 
stage 
 

Type B-2 
(excluding 

R23) 

MB 
Feb. 26, 

2007 

Flange thickness: 19 mm → 20 mm 
Bolts of main unit: M8 × 4 → M6 × 6 
Fastening bolts: M12 × 35 → M12 × 40

Old and new pump 
assemblies are 
compatible with each 
other. 
Production was 
discontinued for old 
units. 

MBS Apr. 25, 2012
Added a through hole on the shaft, 
changed the model name. 

Fastening bolts:  
M12 × 40 

WB-type  
two-stage unit 
 

Type B 2.5 

MB2 
Feb. 26, 

2007 

Flange thickness: 19 mm → 20 mm 
Bolts of main unit: M8 × 4 → M6 × 6 
Fastening bolts: M12 × 35 → M12 × 40

Old and new pump 
assemblies are 
compatible with each 
other. 
Production was 
discontinued for old 
units. 

MB2S Apr. 25, 2012
Added a through hole on the shaft, 
changed the model name. 

Fastening bolts:  
M12 × 40 
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 According to the design change in February 2007, the flange surface is flat (see the 
pictures below). 

 

Table 2-2 Oil Pumps for W-series Special Applications  

Comp. Type Pump designation
Name plate 

type 
Remarks 

12WB and 12-4WB Type 12B MD － 

WA, up to 650 min-1 Type A, low speed MA-T 

Through hole on the shaft, 

nitro-carburizing processing 
WA, R23 refrigerant Type A, R23 MA-041 

WB single stage, R23 

refrigerant 
Type B 2, R23 MB-042 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Before design change After design change 

 
External appearance of oil pumps before and after the February 2007 design change 
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2.1.5.3 Amount of Lubricant and Oil Pressure Adjustment 

For both types WA and WB, the oil pressure is measured at the end of the oil supply line. The amount of 
lubricant is checked at the oil sight glass. The standard is when the oil level is at the center of the sight 
glass. You must supply oil when the oil level is too low to be observed. 
 

 
 

Figure 2-11 Management Criteria for the Amount of Lubricant 
 

 
Table 2-3 Initial Amount of Lubricant to be Supplied (liters)  

Model 2WA 4WA 6WA 
42W

A 
8WA

62W
A 

4WB 6WB
42W

B 
8WB 

62W
B 

12W
B 

124W
B 

Upper 
limit 6.5 16.0 16.6 16.6 19.8 20.6 24.9 29.8 30.7 31.2 32.1 59.5 62.5

Normal 5.0 13.5 11.9 11.9 16.3 16.9 19.9 24.0 25.4 25.6 26.2 48.0 50.5
Lower 
limit 3.5 11.5 7.5 7.5 13.0 13.4 15.4 19.4 19.7 20.3 20.9 38.8 40.5

With oil 
tank － 30.0 30.0 30.0 35.0 35.0 40.0 45.0 46.0 50.0 50.0 70.0 70.0

 
 

The oil pressure is adjusted by the pressure control valve. Adjust the pressure control valve such that 

the oil supply pressure is 0.2 to 0.25 MPa (0.4 MPa maximum) higher than the suction pressure. 

At the time of starting up the compressor, if the oil temperature is low and the resulting viscosity is high 

to cause high oil pressure, the spring will properly function to prevent an excessive high pressure, to 

some extent. 
 

 

Pressure control valve for the main bearing head
 

 
 Figure 2-12 Pressure Control Valve 

Mechanism to Prevent 
Excessively High Pressure
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2.1.6 Oil Cooler 
There are two types of oil coolers used, i.e., refrigerant cooling type (liquid cooling/direct expansion) 
and water cooling type.   
These are shell and tube type and shell and coil type. In the case of the shell and tube type heat 
exchanger, the oil is in the shell side. In the case of the shell and coil type, the oil is in the coil side.  
In the past, shell and tube type coolers were generally used for fluorocarbon refrigerant while shell and 
coil type coolers were generally used for ammonia refrigerant. However, since 2000, it is the standard 
practice to use the shell and tube type coolers for both refrigerant types. 
 
 

 
Water cooling type oil cooler 

 

 
Direct expansion type oil cooler to use 
refrigerant 
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2.1.7 Shaft Seal and Thrust Bearing 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Thrust bearing Part (Standard type) Thrust bearing Part (BB type) 
 

Figure 2-13 Shaft Seal and Thrust Bearing 
 

Table 2-4 List of Component Parts  
No. Name Remarks 

2 Crank shaft BB type is available 

23 Bearing head BB type is available 

27 Gasket, cover plate  

28 Cover plate fastening bolt  

29 Thrust bearing  

29-1 Ball/roller bearing (BB type) 
NH3: Ball bearing (BB) 
Others: Roller bearing 

30 Washer for thrust bearing fastening bolt  

31 Thrust bearing fastening bolt  

34 Double seal collar fixing ring  

35 Double seal collar floating seat  

36 Double seal collar lock pin  

37 O-ring for double seal collar  

38 Double seal collar spring  

39 O-ring for shaft seal collar  

40 Lock nut  

41 Shaft seal ring  

42 O-ring for shaft seal ring  

43 Helical spring  
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2.1.7.1 Shaft Seal 

Mechanical seals are used for the shaft seals for simple structure and high reliability. There are three 
sealing locations (boundaries) to separate the inside compartment of the compressor from the outside 
air. 
 
- Fixed part: O-ring for the shaft seal ring of the cover plate  

- Fixed part: O-ring for the double seal collar of the crank shaft 

- Sliding part: The contact surface between the shaft seal ring and the double seal collar fixing ring 
 
Degradation, scratch, nick, or other defect on the applicable part can cause leakage. 

 

2.1.7.2 Thrust Bearing 

There are two types of thrust bearing, i.e., one is the “standard” type, and the other is the “ball bearing” 
type (BB-type) thrust bearing.  
The thrust bearing receives the thrust load caused by the pressure difference between the internal 
pressure and the atmospheric pressure.  
If the internal gauge pressure (suction pressure) is to exceed 0.35 MPa, the standard thrust bearing will 
not be able to bear the load, and thus the ball bearing (BB) type thrust bearing must be used. 
Refer to the note for Section 2.2.2, Table 2-7 for the details of the BB-type bearing. 
 
 

 

 
 

Figure 2-14 WA-type Shaft Seal Part and Thrust Bearing Part 
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2.1.8 Safety Valve 
 
For the standard compressors to be used in Japan, the high pressure side is provided with an external 
safety valve.  

 

 
 

Figure 2-15 External Safety Valve 
 
 

2.1.9 Oil Tank 
 
In marine applications, oil tanks are often used. There are two types of oil tanks, i.e., one is the bottom 
type to be placed in the base structure, and the other is the side-holding type to be used for directly 
connected or common base structure. The former one is directly connected by flanges below the crank 
case. Inside the tank is an oil strainer. 
 

 
Bottom-type oil tank 

(connected by flanges to the crank case) 
Side-holding type oil tank 
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2.2 Compressor Specifications 

2.2.1 Standard Specifications 
 

Table 2-5 Standard Specifications for the WA-type Compressors 

Item Unit 2WA 4WA 6WA 8WA 42WA 62WA 
Number of 
cylinders - 2 4 6 8 

Low-stage: 4 
High-stage: 2 

Low-stage: 6
High-stage: 2

Bore × Stroke mm 95×76 

Designed pressure MPa 2.0 

Number of 
revolutions min-1 

800 to 
1100 

800 to 1450 

Direction of rotation – 
Either direction (changing the direction of rotation  

requires changing the oil pump mounting orientation) 

Drive method – Direct drive / V-belt drive 

D
is

pl
ac

em
en

t 
m

3
/h

 

800 min-1 m3/h 51.69 103.38 155.07 206.76 59.96 64.10 

1000 min-1 m3/h 63.32 129.22 193.84 258.45 74.95 80.12 

1200 min-1 m3/h 71.07 
(1100 min-1) 

155.07 232.60 310.14 89.94 96.14 

1450 min-1 m3/h － 187.37 281.06 374.75 108.68 116.17 

C
ap

ac
ity

 
co

nt
ro

l Range % 100 50, 100 33, 66, 100
25, 50, 75, 

100 
0, 50,100 

(low-stage only) 
0, 33, 66, 100 
(low-stage only)

Method – 
Hydraulic control Solenoid valve (unloaded when energized) 

 / Manual valve (unloaded when opened) 

Lu
br

ic
an

t 

Selection – Refer to Chapter 4, Section 4.1 “Lubricant (Refrigerant Oil)” of this manual 

Oil pressure MPa Suction pressure + 0.20 to 0.25 (0.4 Max.) 

Product mass kg 370 580 700 820 720 840 

C
on

ne
ct

in
g 

pi
p

e S
uc

tio
n 

p
ip

e
 

Since 2001 40A 50A 65A 80A 

Low-stage: 
50A 

High-stage: 
40A 

Low-stage: 
65A 

High-stage: 
40A 

Until 2000 40A 
NH3 50A 

Freon 65A
NH3 65A 

Freon 80A
NH3 80A 

Freon 90A

Low-stage: 
50A 

High-stage: 
40A 

Low-stage: 
65A 

High-stage: 
40A 

D
is

ch
ar

ge
 p

ip
e

 

Since 2001 40A 50A 65A 65A 

Low-stage: 
50A 

High-stage: 
40A 

Low-stage: 
50A 

High-stage: 
40A 

Until 2000 40A 50A 65A 
NH3 65A 

Freon 80A

Low-stage: 
50A 

High-stage: 
40A 

Low-stage: 
50A 

High-stage: 
40A 

Pressure gauge 6 mm (Standard) / 8 mm (Marine use) 

Cooling water pipe 20A 
 

■ Unless otherwise specified, the pressure unit “MPa” represents the gauge pressure in this manual. 
 
■ The product mass includes the water cooling head cover, oil cooler, and V-pulley. 
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Table 2-6 Standard Specifications for the WB-type Compressors 

Item Unit 4WB 6WB 8WB 12WB 42WB 62WB 12·4WB 

Number of 
cylinders – 4 6 8 12 

Low-stage: 
4 

High-stage: 
2

Low-stage: 
6 

High-stage: 
2 

Low-stage: 
12 

High-stage: 
4

Bore × Stroke mm 130×100 

Designed pressure MPa 2.0 
Number of 
revolutions min-1 800 to 1200 

Direction of rotation – 
Either direction (changing the direction of rotation  

requires changing the oil pump mounting orientation) 

Drive method – Direct drive / V-belt drive 
Direct 
drive 

Direct drive 
 / V-belt drive 

Direct  
drive 

D
is

pl
ac

em
en

t 
m

3/
h 

800 min-1 m3/h 254.72 382.08 509.43 764.14 147.74 157.93 315.85 

1000 min-1 m3/h 318.40 477.59 636.79 955.19 184.67 197.41 394.82 

1200 min-1 m3/h 382.08 573.11 764.15 1146.23 221.61 236.89 473.78 

C
ap

ac
ity

 
co

nt
ro

l 

Range % 50, 100 33, 66, 
100 

25, 50, 
75, 100 33, 66, 100

0, 50,100 
(lower 

stage only) 

0, 33, 66, 
100 (lower 
stage only) 

0, 33, 66, 
100 (lower 
stage only)

Method – Hydraulic control Solenoid valve (unloaded when energized) /  
 Manual valve (unloaded when opened) 

Lu
br

ic
an

t 

Selection – Refer to Chapter 4, Section 4.1 “Lubricant (Refrigerant Oil)” of this manual 

Oil 
pressure MPa Suction pressure + 0.20 to 0.25 (0.4 Max.) 

Product mass kg 1100 1410 1550 3300 1440 1560 3900 

C
on

ne
ct

in
g 

pi
p

e S
uc

tio
n 

p
ip

e
 Since 

2001 
80A 100A 100A Production 

terminated

Low-stage: 
80A 

High-stage: 
65A 

Low-stage: 
100A 

High-stage: 
65A 

Production 
terminated

Until 2000 90A 
NH3 90A

Freon 
100A 

NH3 100A
Freon 
125A 

90A 

Low-stage: 
80A 

High-stage: 
65A 

Low-stage: 
90A 

High-stage: 
65A 

Low-stage: 
125A 

High-stage: 
80A 

D
is

ch
ar

ge
 p

ip
e

 

Since 
2001 

80A 80A 100A Production 
terminated

Low-stage: 
65A 

High-stage: 
50A 

Low-stage: 
65A 

High-stage: 
50A 

Production 
terminated

Until 2000 80A 
NH3 80A

Freon 
90A 

NH3 90A
Freon 
100A 

80A 

Low-stage: 
65A 

High-stage: 
50A 

Low-stage: 
65A 

High-stage: 
50A 

Low-stage: 
80A x 2 

High-stage: 
50A x 2 

Pressure gauge 6mm (Standard) / 8mm (Marine use) 

Cooling water pipe 20A 
 

■ Unless otherwise specified, the pressure unit “MPa” represents the gauge pressure in this manual. 
 
■ The product mass includes that of the water cooling head cover, oil cooler, and V-pulley.  

However, the mass of the flywheel is not included for the direct motor drive type 12WB and 12-4WB 
compressors. 
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2.2.2 Operation Limits and Operation Range 

 Operation limits 

Table 2-7 Service Limits for the Compressor 

Item Unit WA-type / WB-type Remarks 

Maximum discharge 
pressure 

MPa 1.96  

Maximum suction 
pressure 

MPa 0.35 

If it exceeds 0.35 MPa and less 
than 0.59 MPa, select the BB 
type (refer to the comment 
below) 

Minimum suction 
pressure 

MPa -0.073 (-550 mmHg)  

Maximum differential 
pressure at high/low 
pressure 

MPa 

Single stage machine: 
1.47 

Two stage machine: 
1.52 

 

Maximum oil supply 
pressure 

MPa Ps + 0.4 Ps = Suction pressure 

Minimum oil supply 
pressure 

MPa Ps + 0.10 Ps = Suction pressure 

Maximum discharge 
gas temperature 

°C 
120 (Freon) 
140 (NH3) 

 

Maximum supply oil 
temperature 

°C 50 
Temperature at oil cooler outlet 
port 

Minimum supply oil 
temperature 

°C 30  

Cooling water outlet 
temperature 

°C 50 or less Temperature at jacket outlet 

Cooling water pressure MPa 0.5 or less  

Degree of superheat: 
SH 

°C 20 or less Liquid flow-back is not allowed.

Maximum belt drive 
power 

kW 
WA-type: 75 
WB-type: 115 

 

■  Unless otherwise specified, the pressure unit “MPa” represents the gauge pressure in 
this manual. 

■  Refer to Chapter 4, Section 4.4.1 “Start/Stop Limit” of this manual for the limitations (start 
     and stop limits) to be applied when the running compressor is stopped and restarted. 

■ BB (Ball bearing) specification 

The standard specification for the W-series compressors assumes the operation limit  
suction pressure of 0.35 MPa. If the suction pressure is more than 0.35 MPa and less than 
0.59 MPa, you can use the compressor by choosing the BB (ball bearing) type specification. 

The BB specification model will have a special crank shaft, bearing heads, and thrust  
bearings that are exclusively used for the BB-type models. 

For BB-type models, two types of thrust bearing portions are used. The combination of thrust  
bearing and ball bearing is used for ammonia refrigerant, and the combination of thrust  
bearing and roller bearing is used for other refrigerants. 
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2.2.3 Outer Dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-16 Outer Dimensions Diagram 2WA 
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Figure 2-17 Outer Dimensions Diagram 4WA 
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Figure 2-18 Outer Dimensions Diagram 6WA 
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Figure 2-19 Outer Dimensions Diagram 8WA 
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Figure 2-20 Outer Dimensions Diagram 42WA 
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Figure 2-21 Outer Dimensions Diagram 62WA 
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Figure 2-22 Outer Dimensions Diagram 4WB (for reference) 
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Figure 2-23 Outer Dimensions Diagram 6WB (for reference) 
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Figure 2-24 Outer Dimensions Diagram 8WB (for reference) 
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Figure 2-25 Outer Dimensions Diagram 42WB (for reference) 
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Figure 2-26 Outer Dimensions Diagram 62WB (for reference) 
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2.3 V-pulley 
 

Table 2-8 V-pulley Chamfer Specification  

V-pulley 

Model 

2WA
4WA

42WA

6WA

62WA
8WA

4WB 

42WB

6WB 

62WB 
8WB 

Outer diameter 350 406 406 406 460 460 460 

Chamfer 
specification 

C4 C4 C6 C8 C8 C10 C12 

 
 

2.4 Direct Coupling 

 
 

Figure 2-27 Sectional View of Direct Coupling  
 
 

Table 2-9 Direct Coupling  
Model Coupling name Coupling type D  (mm) 

in Figure 2-27 

A, WA BB-290 A4-40-PN-139.7 Standard (139.7) 

B, WB, WBH BX-600-142.7 AB-50-PN-190.5 Custom (190.5) 

B, WB, WBH, 12WB 
(90 kW or more) GB03-190.5 GB-03-PN-190.5 Custom (190.5) 
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Chapter 3 Installation 

3.1 Safety Precautions during Installation 
[POINT] 

 The description in Chapter 3 “Installation” assumes that the compressor is installed to a package 
unit intended for standard type refrigeration/cold storage. 
If the package unit you are actually using is not the one for standard type refrigeration/cold 
storage, prepare a proper installation manual by referring to the description in this chapter and 
paying due consideration to safety, before installing the compressor. 
If there are any questions, please contact one of our local sales offices or service centers. 

 In some cases, it may be required that installation is performed by qualified personnel. Make 
sure that the work is performed by qualified personnel in compliance with local laws, 
ordinances and other regulations/requirements. 

 Read this chapter and related documents, and fully understand their contents before 
performing installation. 

 Electrical works should be performed only by electrical engineers. 

 

3.2 Installation Work 

3.2.1 Unpacking 
Check that the compressor is free from any damage or abnormality. 

[POINT] 

 If there is any abnormality or missing part with the compressor, please contact one of our sales 
or service establishments.  

 All packing materials that are no more needed after unpacking must be disposed of in a carefully 
controlled manner in accordance with the applicable laws, regulations, and any voluntary 
regulations of the customer. 

3.2.2 Storage 
If the compressor is to be stored before the installation: 

 Keep it indoors, and 

 Fill the compressor with Nitrogen gas and seal it (at the gauge pressure of approx. 0.15 MPa). 

[POINT] 

 Upon packing, the compressor is filled with Nitrogen gas to prevent rust. 

3.2.3 Transportation 

 Should the compressor being lifted up drop, there is a high risk of death or severe 
injury. Provide sufficient protection such that no one can enter an area below a 
compressor being lifted up.  

 
For the weight of the compressor, refer to Table 2-5 “Standard Specifications for the WA-type 
Compressors” or Table 2-6 “Standard Specifications for the WB-type Compressors” in Chapter 2, 
Section 2.2.1 of this manual. For the outer dimensions, refer to Chapter 2, Section 2.2.3 “Outer 
Dimensions” of this manual. 
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1. When lifting the compressor, be sure to prepare and use a lifting device and other proper tools 
capable of lifting the compressor weight within the specified safety load limit. 

2. A sufficient space must be provided to ensure that the lifting work can be safely conducted. 

3. Make sure to check the wire ropes before use. Carefully check the wire ropes for any kink, knot, or 
broken strand. Never perform the lifting work before it has been confirmed that the wire ropes 
have no problems. If any doubt remains, ask a qualified specialist to check the condition. 

4. If only the compressor body is to be lifted, use the eye bolts of the compressor to hook the wire 
ropes. 

5. If the base structure and motor are attached to the compressor, use the eye bolts of the 
compressor and the base structure to hook the wire ropes. Never use the eye bolts of the motor. 

6. Check that the transportation path is free from any obstacles that can hinder smooth transport, 
according to the size of the compressor. 

7. Before lifting, check that the hook is positioned above the center of gravity of the compressor. 

8. Before starting to lift up the compressor, instruct all the workers to be sufficiently away from the 
lifting area. 

9. Just before starting to lift up, provide the coworkers with a sign (such as a call, hand signal, etc.) 
of starting the lifting action. Do not start to lift up unless the sign (such as a call, hand signal, etc.) 
has been fully acknowledged. 

10. Slowly wind the wire ropes up to the point the compressor is about to leave the ground. 

11. Then, wind up the wire ropes a little further until the compressor is slightly up away from the 
ground. Check that the compressor is not tilted. If the compressor is tilted, return the compressor 
to the ground and correct the tilt by adjusting the wire ropes. After that, restart the lifting operation. 

12. Slowly lift up the compressor. A sudden lifting may cause damage to the wire ropes and/or other 
hoisting tools or some part of the compressor. 

13. After the hoisting has started, check the condition to see that the wire ropes and other hoisting 
tools are in normal condition. Check that the compressor is not tilted. 

14. When moving the compressor in the lifted condition, be sure to use guiding ropes. 

15. Evacuate people from the forward path and check the safety in the direction of the movement. 

16. Do not lift the compressor above the safety passage unless absolutely necessary. 

17. Do not place the compressor on a safety passage. The safety passages shall always be kept 
unblocked. 

18. Before lifting down the compressor, clear the area from any obstacles. Make sure the compressor 
will not be tilted or become unstable. 

19. When lifting down the compressor, also notify the coworkers around the area of the fact. 

20. If the compressor is to be placed on two or more blocks, properly adjust the height of each block 
for the compressor to be stably leveled on the blocks. 

21. Be sure to carefully and gradually lift down the compressor so that it is not damaged by shock. 
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3.2.4 Preparation for Installation 

 Installation space 
Prepare an installation space where the operation, cleaning, maintenance, and inspection work can 
be easily performed by referring to the relevant figures in Chapter 2, Section 2.2.3 “Outer 
Dimensions” of this manual. 

Because the crank shaft must be taken out from the main body during an overhaul work, a 
sufficient space must be provided on the bearing head side, for a length corresponding to the full 
width of the crank shaft, as measured from the crank case end. Also on the opposite main bearing 
side, a space of more than 60% of the full crank shaft length shall be provided. 

In addition, along the direction of taking out the cylinders, a clearance of at least 500 (650) mm 
shall be provided for the WA-type (WB-type), to avoid interference with other components such as 
pipes. 

 Lighting 
Provide sufficient lighting to allow easy operation, cleaning, maintenance, and inspection work. 

 Ventilation 
If natural ventilation is not sufficient, install proper ventilation fans according to the laws and 
regulations. 

 Cooling water 
Ensure that a sufficient amount of cooling water is provided as required by the customer’s system. 

 Piping 
Refer to the relevant figures in Chapter 2, Section 2.2.3 “Outer Dimensions” of this manual. 

 
 

3.2.5 Installation 
 

3.2.5.1 Placement 
Make sure that the compressor mounting surface of the target refrigeration, cold storage, or air 
conditioning system is sufficiently flat and level. If it is not sufficiently leveled, tightly fastening the 
compressor mounting bolts can cause deformation of the compressor and could hinder normal 
operation. 
 

3.2.5.2 Return Oil from Oil Separator 
Use a float valve, and do not return oil from the receiver. 
 

3.2.5.3 Protection Device 
To protect the compressor and prevent accidents, install the following protection devices. 

For details, refer to Chapter 1, Section 1.4.5 “Automatic control and protection for the compressor” of 
this manual. 
 

 Reduced oil pressure protection device (OP) 

 High pressure protection device (HP) 

 Low pressure control device (LP) 
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3.2.5.4 Piping 

The vibration of the compressor will be transmitted to the building via the base structure and the pipe 
lines. Be careful about the installation of piping supports to prevent possible resonance of the building. 

 Refrigerant piping 

Be careful about the following points in connecting the refrigerant pipe line: 

 The compressor is one of a few components that have movable parts in the target system. 
Such movable parts are vulnerable to dust, dirt, and other foreign matters. Be careful during 
the plumbing work not to put scales and other foreign matters inside the compressor. 

 Some compressors (mainly the ones to be shipped overseas) are filled with Nitrogen gas to 
prevent rust. Therefore, do not open the suction/discharge stop valves until it is needed to do 
so. 

 There must be no moisture in the piping system. Any moisture inside can cause troubles after 
the operation has started. Be sure to connect pipes in dry condition. 

 Improper work on the suction gas piping can cause problems such as no oil return to the 
compressor and liquid hammering. 

 When connecting a pipe to the compressor, be sure to use the same pipe size as that of the 
compressor. If the size of the connecting pipe is smaller than that of the compressor, the flow 
of the oil or refrigerant is impeded and can cause problems. 

 Every connecting pipe must have a support for not to apply excess stress to the compressor. 
Also, if vibration isolators are used for the base, the piping system must use suitable flexible 
tubes. 

 If generation of dew is expected for the pipe, it must be isolated. 
 

 Cooling water pipe 

Refer to the cooling water pipe system illustrated in Section 5.5.1 of this manual. 
General precautions are as follows: 

 

 

 No branching is allowed in the cooling water system from the oil cooler to the head 

jacket. Otherwise, the resulting pressure loss (resistance) difference can stop the 

flow of the cooling water at some places, and it is very dangerous. 

 Overheating of the compressor will easily degrade the oil on the discharge side. Be 

sure to operate the compressor with a sufficient flow of water. 
 

 

If water-cooled oil cooler and water-cooled head cover are used, pay sufficient attention to the following 
points when connecting the cooling water pipes: 

 In the case of automatic operation, use a solenoid valve to prevent water flow when the motor 
is stopped. If water flow is maintained while the motor is not operating, the refrigerant in the 
refrigerator can condense, and as a result, it can cause increased oil consumption, valve 
damage, and/or seizure of cylinders. 
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3.2.6 Center-to-center Alignment between the Compressor and 
Drive Mechanism (V-belts Drive) 

 

 
 

 If any V-belt is to be replaced by a new one, replace all the V-belts together as a set, 
by procuring a set of V-belts. 
Even if the nominal dimension is the same, the length may vary to some extent. In 
such a case, the force may be applied only on the shortest one, and it can damage the 
belt or cause abnormal vibration. 
Also, if new and old belts are mixed together, it can cause abnormal vibration due to 
the different levels of wear. 
 

 The V-belts must be kept free from oil or grease. Wipe out any oil or grease if 
attached.  

 

[POINT] 

 Although the V-belts are tensioned to the specified initial tension at factory shipment of the 
V-belts drive unit, initial elongation before they are actually used for operation may result in the 
tension less than the minimum tension load. Be sure to check the tension load after the 
installation, and adjust it to the correct tension load for new belts before starting the operation. 

 

3.2.6.1  Alignment Method and Criteria 

Check that the centerline of the refrigerator shaft and the centerline of the motor shaft are exactly 

parallel with each other by using a stretched string from the side of the compressor V-pulley to the side 

of the motor pulley. If they are misaligned, the high speed rotation accelerates the wear of belts, applies 

excessive stress on the bearings, and shortens the service life of the refrigerator and motor. 
 

Alignment criteria: L = 1 mm max. 

 

 

 

Figure 3-1 Alignment Criteria 
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3.2.6.2 Belt Tensioning 

Loosen the slide base of the motor to get the pulleys of the compressor and motor closer, and place the 

V-belts into their slots in the loosened state. After checking that the V-belts are correctly placed into the 

V-grooves, apply tension to the belts by pulling the motor by fastening the bolt. 

Deflection = 0.008 × span length (mm) (Span length is nearly equal to the wheelbase) 

 
 
 

 

1: Tension meter 

2: Wheelbase 

3: Deflection 

4: Span length 
 

 

 

Figure 3-2 Deflection 
 
 

Table 3-1 Quick Reference for the Deflection (mm)  

Compressor V-belt type 
Wheelbase 

1000 1100 1200 1300 1400 1500 
WA-type 

C-type standard & red 16 18 19 21 22 24 
WB-type 

 
Table 3-2 Quick Reference for Tension Load (N per belt)  

Compressor V-belt type New belt Re-tensioning Minimum tension 
load 

WA-type 
C-type standard & red 40 to 45 30 to 35 25 min. 

WB-type 

Note 1: The first re-tensioning shall be made 2 to 3 hours after the operation has started. 

Note 2: To check the tensioning of the V-belts, rotate the pulley to check the tension load. 

Note 3: When the minimum tension load is used, as it varies with the load condition, make sure that 
the belts do not act violently during operation. 

Note 4: The re-tensioning after one year’s operation shall be 25 N per belt. 
 

[POINT] 

 When new belts are used for 2 to 3 hours for the first time, the initial elongation, initial friction, 
and removal of V-pulley paint will significantly reduce the tension load of them, to result in a load 
less than the minimum tension load. If the use of the V-belts is continued in this condition, not 
only the slippage of V-belts can reduce the service life of the belts but also can the belts act 
violently, turn over due to one-sided wear, disengage, or cause other problems. Be sure to 
re-tension the belts after the commissioning. 

 Insufficient tension will reduce the service life of the belts. If the belts are replaced by new ones, 
check the tension again after they have been used for 24 to 48 hours. 
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3.2.7 Center-to-center Alignment between the Compressor and 
Drive Mechanism (Direct drive) 

Table 3-3 Allowable Misalignment  

In the case of a direct drive, adjust the center-to- 
center alignment between the compressor and the 
drive mechanism to within the allowable limit given in 
the table to the right. 
 
 

The concept of the measurement setup to use a special hub, dial gauge, and magnet stand is shown in 
Figure 3-3 and Figure 3-4 for the eccentricity and deflection angle measurements, respectively. If more 
details are required regarding the alignment work, please contact one of our sales offices or service 
centers. 

 

Figure 3-3 Shaft Eccentricity 
           Measurement 

Figure 3-4 Shaft Deflection Angle 
Measurement    

3.2.8 Initial Charge 
 

3.2.8.1 Lubricant 

Perform initial charge of the lubricant by referring to Chapter 4, Section 4.1.3 “Initial Charging Method”.
  
 

3.2.8.2 Refrigerant 

Fill the refrigerant according to the instruction manual for the package unit. 
   

3.2.9 Checkout after Installation 
 
The customer is requested to develop its own checklist and checkout procedures appropriate to the 
customer’s own refrigeration, cold storage, or air conditioning system, by using the following summary 
descriptions on the inspection items to be checked after installation of the compressor as a reference 
material.  

 Wiring for the automatic control 

 Wiring between the control panel and switches 

 Motor startup method (automatic/semi-automatic) and direction of rotation 

 Insulation resistance of the motor 

 Allowable limit 

Eccentricity 6/100 mm 

Deflection 
angle 

3/100 mm  
(referenced to 100 mm 

diameter) 
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 Operational test for protection devices 

For details, refer to Chapter 1, Section 1.4.5 “Automatic Control and Protection for the Compressor” 
of this manual. 

 

 Reduced oil pressure protection device (OP) 

 High pressure protection device (HP) 

 Low pressure control device (LP) and unloader solenoid valve 

 

 Airtightness test and refrigerant leak test 

The customer is requested to conduct the airtightness test and refrigerant leak test for the system. 

 

 

 
 
 Never use oxygen or flammable gas for the airtightness test. Otherwise, there is a 

risk of explosion.   
 

 
 

 If carbon dioxide is used for the airtightness test of a compressor that uses 
ammonia as a refrigerant, it may result in the deposition of ammonium carbonate, 
and it can cause a failure.  
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Chapter 4 Operation of Compressor and System 
 

4.1 Lubricant (Refrigerant Oil) 
The lubricant (refrigerant oil) is used for the purpose of lubricating the moving/sliding members of the 
compressor, preventing abnormal wear, and cooling each section. For this, the following properties are 
required for the oil: 

 An appropriate viscosity is maintained within the operating temperature and pressure ranges. 

 The liquidity is maintained even under extreme low temperature conditions (within the operating 
temperature range of the refrigerating system). 

 It is chemically stable and will not corrode or change the quality of the components used (such 
as metals or rubbers).  

 The wax component will not be separated even under low temperature conditions. 

 Sludge and carbon are not easily generated even under high temperature conditions. 

 Water is not contained. 
 
 

4.1.1 Precautions for Selecting the Lubricant 
 The type (brand) of the lubricant depends on the refrigerant to be used. For details, contact one 

of our sales offices or service centers. 

 For NH3 refrigerant, do not use polyolester (POE) or Poly alpha olefin (PAO).  

 Mineral oils as specified in ISO-VG 46 – 68 are recommended.  
As the minimum requirement, the required viscosity shall be ensured for the oils supplied to 
sliding members. If any lubricant that can absorb a significant amount of refrigerant 
(inter-soluble oil) is used, the viscosity under the operating conditions may significantly be 
reduced from that specified in the product specification. Select a lubricant that can maintain the 
viscosity of 20 to 70 mm2/s under normal operating conditions. 

 Take into account the circulation of the lubricant in the entire system. After lubricating and 
cooling the various sections of the compressor, the lubricant will mostly return to the oil receiver 
of the crank case. However, some part of the lubricant will be discharged together with the 
refrigerant. While the oil discharged from the compressor will mostly be captured by the oil 
separator and returned to the compressor, some part will be sent to the condenser and 
evaporator. As such, the lubricant is required to maintain a sufficient liquidity and stability in the 
various types of components with varying temperature range. 
  

4.1.2 Change of Lubricant Brand 
 When the brand of the lubricant used is changed, mixing of the old and new oils can cause 

unexpected problems. Pay sufficient attention when you are to change the lubricant. 

 If the manufacturers are different, contact both of them to check if there is no problem. Even if 
the manufacturer is the same, similar confirmation is required when the brand name of the 
lubricant is to be changed. 

 There is no problem in changing the viscosity grade within the same brand. However, the 
viscosity grade after the change must be suitable to the operation. 
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4.1.3 Initial Charging Method 
 
The initial charge and oil supply after an overhaul  
is made from the initial charge port, in order to fill  
the oil cooler, oil filter, and all the oil paths with  
the lubricant. 

 

 

 
                                             

                                            Figure 4-1 Initial Charge Port for the Lubricant 

 

4.1.4 Replenishment of Lubricant 
 
The oil level will gradually become lower as the operation is continued. Supply additional oil according 
to the following procedures while the oil level can still be checked at the oil sight glass. For the decision 
regarding the amount of oil, refer to Chapter 2, Section 2.1.5.3, Figure 2-11 “Management Criteria for 
the Amount of Lubricant” in this manual. 

 

 When filling lubricant, prevent air and moisture from entering the oil. 
 The refrigerant oil to be replenished must be clean, with no contamination. 
 To prevent bubbling inside the crank case, be sure to slowly and gradually supply the 

oil. 
 The refrigerant oil must be stored under sealed conditions until it is used, for not to 

absorb moisture in the air. 

 
[How to supply oil while in operation (example)] 
 
a) Attach the charge hose to the oil supply and discharge valve shown in Figure 4-2, and put the end 

of the hose into the can of new oil.  
Then, slightly open the valve to purge the air 
inside the hose using the gas pressure in the 
compressor.  

b) Gradually close the suction stop valve of the 
compressor to the point the suction pressure is 
only slightly vacuumed (approx. -0.026 MPa).  

c) Gradually open the oil supply and discharge 
valve to constantly suck the oil.  

d) After the required amount of oil has been 
supplied, securely close the oil supply and 
discharge valve.  

e) Gradually open the suction stop valve to 
resume the steady operation. 
 

 

 

4.1.5 Oil Pressure Setting 
Adjust the oil pressure control valve to make the oil pressure 0.20 to 0.25 MPa (0.4 MPa maximum) 
higher than the suction pressure. 

 

Fig. 4-2 Oil Supply and Discharge Valve
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4.2 Operation Sequence of the Unloader 
 
The figure below shows the operation sequence of the unloader. The number in parentheses indicates 
the order of the unloading sequence. In the figures of 12WB and 12-4WB, the lines connecting between 
banks indicate that the connected banks are mechanically linked to operate together. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-3 Unloader Operation Sequence 
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4.3 Initial Operation 
 

4.3.1 Precautions for Initial Operation 

 

 Check the open/close status of each valve before operation. In particular, operating 
the compressor with the high pressure side valves closed carries a risk that it may 
cause a rupture. Also, if the valves that connect to various protection devices are 
closed, the protection devices will not operate properly. 

 Be sure to fully open the source valve of safety valves at all times, except when the 
safety valves are to be inspected. 

 Before operation, the belt (coupling) guard must be attached. Operating the 
compressor without installing the belt (coupling) guard carries a risk that the 
operator could be caught in rotating parts to result in severe personal injury or death. 

 Ensure that sufficient safety measures are in place when operating valves or 
conducting inspection with the compressor running. While the compressor is 
running, there are all sorts of risks including death, severe injury, minor injury, 
electric shock, burn, and so on. 

 

The refrigerant system installed must be operated for a long time maintaining the initial functions. For 

this, the initial operation has an important significance. 

Within 24 hours after starting the initial operation, dust, scale, rust, sand, and other foreign matters in 

the pipe system tend to be collected in the compressor being carried by the flow of refrigerant gas. Tiny 

foreign matters not captured by the suction strainer or scale trap will be mixed in the oil and can cause 

a failure or abnormal wear. 

While sucking of foreign matters into the compressor lasts for a long time during operation, the amount 

of such matters is the largest during this initial period of operation. 

Check the existence of foreign matters by inspecting the suction strainer and scale trap, and also by 

checking the contamination of the lubricant. 

As the condition of the oil in the crank case should indicate the state of contamination in the refrigerant 

system, you can determine that the inside of the system is clean if the oil in the crank case is kept clean 

and clear for a long period of time. If the oil is dark or impure dark brown, some foreign matters in the 

system are contaminating the oil. In such a case, be sure to change the oil as soon as possible to 

prevent foreign matters from entering the sliding/moving parts of the compressor. 

In particular, check for any abnormal overheating or abnormal noise in the compressor. 
 

[POINT] 

 When cleaning the oil strainer and suction strainer/scale trap, it is necessary to properly process 
the refrigerant and to open the compressor. For the processing of the refrigerant and compressor 
disassembly/assembly procedures, refer to Chapter 5, “Maintenance and Inspection” of this 
manual. 
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4.3.2 Initial Operation Method 
 

 
 

 If the compressor to be used has been in storage for a long time, i.e., more than 
one year after the delivery, be sure to open each head cover, hand hole cover, and 
seal cover to check the inside. At that time, supply sufficient oil to the opened parts 
and change the O-ring of each mechanical seal. 
 

 
a) Before running the compressor, perform manual turn or inching (short run of 1 to 2 seconds) for a 

few times to check that the oil pressure gauge is operational. Also check at the sight glass that the 
oil level is slightly lowered at the same time.  

b) Operate the compressor.  
c) Perform the initial operation according to Table 4-1 “Guidelines for Oil Replacement and Filter 

Inspection”. 
 

Table 4-1 Guidelines for Oil Replacement and Filter Inspection   

Elapsed time 
Replacement of oil and 
cleaning of oil strainer 

Cleaning of suction 
strainer 

After completion of refrigerant 
charging operation 

must recommended 

After completion of 
commission must must 

100 hours after starting 
operation must must 

500 hours after starting 
operation 

Oil analysis 
Cleaning of oil strainer must 

 
Note: 
If contamination of the lubricant or clogging of the filter is found, perform oil replacement or 
inspection/cleaning regardless of the above guideline. 
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4.4 Operating Precautions 
For the daily control items and their details, refer to Chapter 5, Section 5.1 of this manual. Other 
important operating precautions are given in the following paragraphs. 
  

4.4.1 Start/Stop Limit 
For normal operation of the compressor, the start/stop limits, stop duration, and other requirements are 
specified as follows. 

The start/stop times and stop duration are specified in order to prevent possible burning of electric 
circuits and components or overheating and seizure of the compressor cylinders. 

 

Table 4-2 Specifications for Start/Stop Times, Stop Duration, etc. 
 

Item 
Limit 

Water cooled type Air cooled type 

Number of start/stop cycles 4 cycles per hour   2 cycles per hour 

Minimum stop duration 15 minutes or more 30 minutes or more 

Minimum operation time 15 minutes or more 

Number of unloader operations 5 times per hour or less 

 
     

4.4.2 Liquid Flow-Back Prevention 
 
The “liquid flow-back” is a phenomenon when the refrigerant liquid reaches the compressor without 
being completely evaporated with the gas. The liquid flow-back phenomenon may cause insufficient 
lubrication of the compressor, generation of abnormal vibration and noise, and/or abnormal foaming of 
the lubricant (oil loss). To prevent liquid flow-back operation, properly adjust the expansion valve of 
each cooler. 
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4.5 Action to Take when the Compressor is Stopped for a 
Long Time 

 
If the compressor is to be stopped for a long time, be sure to recover the refrigerant from the 

compressor, close the suction and discharge stop valves and the stop valve in the downstream of the 

oil filter of the oil supply line, and shut off the main power to the motor, heater power, and power to the 

control panel. 
 
If the inoperative period lasts for a month or longer, perform the following services once a month: 
 

 Measure the pressure of the system; 

 Check for any leak of refrigerant from each section of the system; and 

 Turn the compressor shaft (for at least 10 turns). 

 
 

When the system is to be operated after being inoperative for one year or longer, check for any 

refrigerant leak and replace the oil. 

In addition, open each head cover, hand hole cover, and seal cover to check the inside. At that time, 

supply sufficient oil to the opened parts and change the O-ring of each mechanical seal. 

Measure the insulation resistance of the motor to confirm that it can run without problems. 
 
Apply power to the oil heater at least one hour prior to starting the operation. Also, before starting to 

operate the system, check the temperature and pressure inside the package to make sure that the 

refrigerant is not condensed in the package. 
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5.6.13 Cooling Water Pipe 
 
The braided high pressure hoses shall be attached along the cooling line, by selecting proper length of 
the hose. In the case of black braided high pressure hoses, brand-new hoses must be used for each 
overhaul. 
 
a)  Attach the braided high pressure hose to the hose nipple after passing it through the hose band. 

When connecting the braided high pressure hose to the hose nipple, be sure to push-in the hose 
end approximately 15 mm further than the last lock notch of the hose nipple as shown in the below 
left picture. 

 

 

 

 

 

 

 

 

 

 

b)  Tighten the braided high pressure hose by the hose band. 
As shown in the above left picture, the hose nipple has three notches to prevent disengagement. 
Securely tighten the hose band after setting the position of the hose band such that the two wires 
of the hose band will bite into the two notches on the nipple. 

 
 If the hose has been removed together with the flange, such as the one at the head jacket cover, 

replace the gasket on the flange with a new gasket. Also, after fastening the flange, check that the 
hose band is securely tightened as shown in the above right picture. 

 

 

 If the hose band is not sufficiently tightened, it can not only cause cooling water 
leakage, but also lead to spraying out of the cooling water on the motor or 
control panel when the hose is disengaged, to lead to a failure of such electric 
systems. So, be careful to securely tighten the band. Also, regularly check the 
tightness of the hose bands. 

 

5.6.14 Final Inspection 
 

Lastly, check the tightness of the fastening bolts of the head cover, hand hole cover, and other parts as 
well as the tightness of the pipe joints and plugs again, to complete the entire assembly work. 

After the assembly work has been completed, use nitrogen gas to perform airtightness test of the 
compressor. 

During the test, check that there are no leak from the gaskets, pipe joints, and plugs that have been 
worked on. 

After the airtightness test has been completed, discharge the nitrogen gas in the compressor from the 
purge valve. 

Then, after sufficiently evacuating the inside of the compressor by using a vacuum pump, open the 
stop valves of the compressor for connection to the cooling system. Note that the lubricant must be 
supplied during the evacuation process. 






































































































































