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In the modern industrial landscape, compressed air is often referred to as the "fourth utility," standing alongside

electricity, water, and gas as an essential component of manufacturing and engineering operations. From powering

pneumatic tools on a construction site to driving complex automated assembly lines, the reliability of a compressed

air system is paramount. However, achieving peak performance requires more than just high-quality hardware; it

necessitates a deep understanding of technical documentation, thermodynamic principles, and rigorous

maintenance schedules. This guide serves as an exhaustive technical resource, synthesizing insights from industry-

standard manuals—such as the Atlas Copco Compressed Air Manual and specific workshop guides for the GA and

XAS series—to provide a holistic view of compressed air management.

The Strategic Importance of Technical Documentation

Technical manuals are not merely instructional booklets; they are the foundational blueprints for the safe and 

efficient operation of high-pressure machinery. Documents such as the Atlas Copco Workshop Manual and the 

Compressed Air Manual (9th Edition) provide the structural framework for engineering teams to maintain 

equipment integrity. Accessing the correct spare parts, technical data, and safety information ensures that a 

facility complies with international standards, including CE-declarations. Without these resources, maintenance

becomes reactive rather than proactive, leading to increased downtime and significant financial losses.

The Hierarchy of Manuals

•  Operator Manuals: Focused on daily usage, startup/shutdown procedures, and basic interface navigation 

(e.g., Elektronikon controllers).

•  Workshop/Service Manuals: Intended for qualified mechanics, detailing internal overhauls, component 

clearances, and complex troubleshooting (e.g., the XAS486E Workshop Manual).

•  Brand Identity & Distributor Manuals: Strategic documents ensuring that service standards and parts 

procurement remain consistent across global networks.

Core Concepts in Compressed Air Technology

To master the information contained within an Atlas Copco GA Series Manual, one must first understand the 

physics of air compression. Most industrial compressors utilize Positive Displacement principles, specifically 

through Rotary Screw mechanisms.

Thermodynamic Foundations

The process of air compression is governed by several physical laws. Understanding these is crucial for calculating

system efficiency:

1.  Boyle’s Law: States that for a fixed amount of gas at a constant temperature, the pressure and volume are 

inversely proportional ($P_1V_1 = P_2V_2$).

2.  Charles’s Law: States that the volume of a gas is directly proportional to its absolute temperature at constant 



pressure ($V/T = k$).

3.  The Combined Gas Law: Provides the basis for understanding how air behaves when it is compressed within 

an air end ($PV/T = C$).

When air is compressed, its temperature rises significantly (Adiabatic compression). This heat must be managed 

through sophisticated cooling systems—either air-cooled or water-cooled—to prevent lubricant degradation and 

component failure. Technical manuals specify the Isentropic Efficiencyof a compressor, which compares the

actual power used to the theoretical power required for adiabatic compression.

The Rotary Screw Mechanism

In the Atlas Copco GA 37 and similar models, the core is the element(or air end). It consists of two intermeshing

rotors (male and female). As they rotate, the volume between them decreases, compressing the trapped air. This

process requires a lubricant (oil) to seal the gaps, lubricate the bearings, and dissipate heat. The separation of this

oil from the air before it reaches the end-user is a critical engineering challenge addressed in the maintenance

manuals.

Technical Analysis: GA Series vs. XAS Series

Industrial users often distinguish between stationary compressors (GA Series) and portable units (XAS Series).

Each serves distinct operational needs and follows different maintenance philosophies.

Stationary Power: The GA Series (e.g., GA 37 VSD)

The GA 37 VSD (Variable Speed Drive) represents a pinnacle of efficiency. Unlike fixed-speed compressors that 

run at a constant RPM regardless of demand, VSD technology adjusts the motor speed to match the air 

requirement exactly. This is achieved through an Inverterthat modifies the frequency of the power supply to the

motor.



Feature GA Fixed Speed GA VSD (Variable Speed Drive)

Energy Consumption High during unloading periods Proportional to air demand

Pressure Stability Fluctuates within a set band Maintains constant pressure (+/- 0.1 
bar)

Initial Cost Lower Higher (Advanced electronics)

Internal Wear Constant speed cycles Soft-start, reduced mechanical stress

Application Steady air demand environments Fluctuating or multi-shift demand

Portable Versatility: The XAS Series (e.g., XAS 185, XAS 486E)

The Atlas Copco XAS 185 is a diesel-driven portable compressor designed for construction and mining. Its 

engineering focus is on durability and environmental adaptability. The XAS486E Workshop Manual 

emphasizes the integration between the diesel engine and the compressor element. Key technical considerations 

include the Unloader Valve mechanism, which regulates the engine speed and air intake based on discharge 

pressure, and the Separator Tank , which must function correctly even when the unit is not on level ground.

The Physics of Variable Speed Drive (VSD) Optimization

The Atlas Copco GA 37 VSD Manualdetails how these units achieve up to 35-50% energy savings. The

mathematical relationship between speed and power in centrifugal loads (like cooling fans) follows the Affinity

Laws, but for rotary screw compressors, the relationship is more linear. The specific power consumption (the

energy required to produce a certain volume of air, usually measured in $kW/m^3/min$) is optimized across a

wider range of the duty cycle.

VSD Calculation Example:If a factory requires 10 $m^3/min$ at peak but averages only 5 $m^3/min$, a fixed-

speed compressor would spend significant time in "unload" mode, consuming roughly 25-30% of its full-load power

while producing no air. A VSD unit reduces its frequency via the inverter, bringing the power consumption down

nearly linearly with the demand, thus eliminating the waste of the unload cycle.

Maintenance Protocols and Procedural Execution

As outlined in the Atlas Copco Service Manuals, maintenance is categorized by running hours. Ignoring these 

intervals leads to Oil Carryover, Pressure Drops, and eventually, Element Seizure.

Standard Service Intervals

•  Every 500 Hours: Inspection of air and oil filters; cleaning of the coolers to prevent overheating.

•  Every 2,000 Hours: Replacement of the oil filter and air filter element. Sampling of the lubricant for acidity and 

metal content.

•  Every 4,000 - 8,000 Hours: Comprehensive service including the Oil Separator replacement and Unloader 

Valve kit installation.

•  Overhaul (24,000+ Hours): Complete replacement of the air end bearings and motor bearings to prevent 

catastrophic mechanical failure.

Step-by-Step Oil Separator Replacement



1.  De-pressurization: Ensure the Elektronikon controller shows 0 bar and the internal vent valve has released 

all pressure from the separator tank.

2.  Removal: Disconnect the scavenge line (the small tube that returns oil from the separator to the element). 

Unscrew the separator cover.

3.  Inspection: Check the earthing (grounding) pins on the new separator gasket to prevent static electricity 

buildup, which can cause internal fires.

4.  Installation: Seat the new element, ensuring no contaminants enter the clean side of the tank. Reinstall the 

scavenge line, ensuring the tube reaches the bottom of the element.

Troubleshooting and Failure Mode Analysis

Operational challenges are inevitable. The following table provides a diagnostic framework based on common 

issues found in the GA and XAS series troubleshooting guides.



Symptom Potential Root Cause Technical Solution

High Discharge Temperature Clogged oil cooler; Low oil level; 
Faulty thermostatic valve.

Clean cooler fins; Top up lubricant; 
Replace thermostatic bypass valve.

Oil in Compressed Air Saturated separator element; 
Scavenge line blockage.

Replace separator; Clean scavenge 
line orifice and check valve.

Compressor Won't Start Phase reversal; Emergency stop 
engaged; Sensor failure.

Check electrical phases; Reset E-
stop; Verify PT1000 sensor readings.

Excessive Loading/Unloading Small air receiver tank; Leaks in the 
piping network.

Increase storage capacity; Conduct 
ultrasonic leak detection.

Low Air Pressure Dirty air filter; Unloader valve stuck 
closed; Excessive demand.

Replace filter; Inspect solenoid valve 
and unloader diaphragm.

Case Study: Solving Overheating in a GA 37 VSD

A manufacturing plant reported frequent "High Temperature Shutdowns" on their GA 37 VSD. Following the service 

manual's diagnostic tree, the technician first checked the oil level (Normal) and the ambient temperature (30°C, 

within limits). Using a thermal camera, it was discovered that the Thermostatic Valvewas stuck in the bypass

position, preventing oil from traveling to the cooler. Replacing the valve wax element restored the unit to normal

operating temperatures (typically 80°C - 90°C), preventing a total motor burnout.

Safety Standards and CE-Declarations

Operating a compressor involves managing stored energy. A 10-bar system holds immense potential energy that 

can be lethal if released uncontrollably. Technical manuals insist on adherence to the Machinery Directive 

2006/42/EC. Key safety features described in the documentation include:

•  Pressure Relief Valves (PRV): Mechanical fail-safes that pop open if the electronic sensors fail to stop the 

motor at the maximum pressure limit.

•  Minimum Pressure Valve (MPV): Ensures the compressor maintains a minimum internal pressure (usually 4 

bar) to facilitate oil circulation before air is released to the plant.

•  Emergency Stop Circuits: Hard-wired overrides that immediately cut power to the motor and close the intake 

valve.

Environmental and Economic Implications

The Compressed Air Manual (9th Edition) highlights that the Total Cost of Ownership (TCO) of a compressor is 

dominated by energy (approx. 70-80%), while the initial purchase price is only 10-20%. This makes Leak 

Management and System Auditseconomically vital. A single 3mm leak at 7 bar can cost thousands of dollars

annually in wasted electricity.

The Role of Air Treatment

Compressed air isn't just about pressure; it's about quality. Manuals for the GA series often reference ISO 

8573-1:2010, which classifies air by particles, water (dew point), and oil content. Integrated dryers (found in "Full

Feature" models) use refrigerant circuits to cool the air and drop out moisture, protecting downstream equipment

from corrosion.



Strategic Integration and Future Outlook

As industries move toward Industry 4.0, the manuals for modern compressors like the Atlas Copco GA series now 

include extensive sections on Remote Monitoring (SMARTLINK). This allows for predictive maintenance, where 

the machine itself alerts the distributor when a parameter (like delta-P across a filter) deviates from the norm. This 

transition from reactive Workshop Manualusage to proactive data-driven management is the future of industrial

engineering.

By strictly following the Atlas Copco Workshop Manuals and the engineering principles outlined in the 

Compressed Air Manual, organizations can ensure their "fourth utility" remains a reliable, efficient, and safe asset. 

Whether it is the portable ruggedness of an XAS 185 or the high-tech efficiency of a GA 37 VSD, the key to

operational excellence lies in the technical depth of the documentation and the disciplined execution of the

maintenance protocols described therein. The integration of thermodynamic theory with practical field guides

ensures that the complexities of air compression are mastered, leading to a more sustainable and productive

industrial future.
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