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Compressed air is often referred to as the "fourth utility" in industrial environments, following electricity, water, and 

gas. Its ubiquity across manufacturing, construction, and pharmaceutical sectors necessitates a profound 

understanding of the machinery that generates this power. Atlas Copco, a global leader in compression technology, 

has institutionalized this knowledge through various iterations of its Compressed Air Manual (now in its 9th 

edition). This article provides an exhaustive technical analysis of Atlas Copco’s air compression solutions, ranging 

from the compact GX series to the robust XAS portable compressors, incorporating maintenance frameworks

and thermodynamic principles essential for modern engineering.

The Theoretical Framework of Air Compression

To understand the performance of Atlas Copco systems, one must first grasp the thermodynamic foundations of air 

compression. Most Atlas Copco units, specifically the G and GX series, utilize the rotary screw element. This is a

form of positive displacement compression where air is trapped between two interlocking helical rotors. As the

rotors turn, the volume containing the air decreases, leading to a proportional increase in pressure.

The Rotary Screw Mechanism

The patented Atlas Copco rotary screw element is engineered for a 100% duty cycle. Unlike reciprocating (piston) 

compressors that require cooling periods to prevent overheating of the valves, the screw compressor is cooled by 

oil (in oil-injected models) or by sophisticated jacket cooling (in oil-free models), allowing for continuous 24/7 

operation. The efficiency of this process is governed by the polytropic compression formula:

P1 * V1^n = P2 * V2^n

Where P represents pressure, V represents volume, and n is the polytropic index. Atlas Copco’s engineering aims 

to keep nas close to the isothermal ideal as possible through advanced cooling techniques, thereby reducing the

energy required for compression.

Technical Analysis of the Atlas Copco GX and G Series

The GX 3-30 Horsepower and G 3-20 Horsepowerseries are designed for small to medium-sized industries that

require a reliable, quiet, and efficient source of compressed air. These units often feature the "Full Feature" (FF)

designation, indicating the integration of a refrigerant air dryer into the package.

The GX 3 FF: A Case Study in Compact Engineering

The Atlas Copco GX 3 FF is a quintessential example of industrial efficiency in a small footprint. According to 

technical datasets, the GX 3 FF typically operates with a motor power of 3 Kw (4 HP) and delivers a capacity of 

approximately 318 L/min at a maximum working pressure of 10 Bar. Key technical features include:

•  Integrated Dryer: Removes moisture at the source, preventing corrosion in downstream piping.

•  Sound Enclosure: Enables the unit to operate at low decibel levels, allowing for installation close to the point 



of use.

•  Ambient Temperature Tolerance: Designed to operate in environments reaching up to 46°C (115°F), which is 

critical for maintaining oil viscosity and preventing thermal shutdown.

Comparison of G and GX Series Specifications

The following table illustrates the technical variance between common Atlas Copco configurations used in light

industrial applications:



Model Designation Motor Power (kW/
HP)

Max Pressure (Bar) Capacity (FAD - L/s) Cooling System

GX 3 FF 3 / 4 10 5.3 Air-Cooled

GX 7 7.5 / 10 10 13.1 Air-Cooled

G 11 11 / 15 10 20.8 Air-Cooled

GX 22 22 / 30 13 38.5 Air-Cooled

Portable Compression Solutions: The XAS Series and PACE Technology

For construction and remote site operations, the Atlas Copco XAS series (such as the XAS 68-12 and XAS 375) 

provides mobile air power. A significant advancement in this category is PACE (Pressure Adjusted through 

Cognitive Electronics)technology. PACE allows the operator to digitally set the pressure on a single compressor

to meet the specific needs of various tools, whether it is 7 bar for a handheld tool or 12 bar for a sandblasting

application.

Operational Workflow for XAS 68-12 PACE

1.  Pre-Start Inspection: Verify oil levels in both the engine and the compressor element. Check the air filter 

indicator.

2.  Control Panel Interface: Use the digital controller to select the desired operating pressure. The PACE system 

will automatically adjust the engine speed and air intake to maintain the setpoint.

3.  Loading Phase: Once the engine reaches operating temperature, the load valve opens, allowing the screw 

element to begin compression.

4.  Shutdown Procedure: Always allow a 3-minute cooling period at no-load before full engine shutdown to 

prevent thermal stress on the turbocharger and screw element.

The Importance of the Compressed Air Manual (8th & 9th Editions)

The Atlas Copco Compressed Air Manual serves as the definitive reference guide for efficient compressed air 

system design. It covers topics often overlooked by general maintenance staff, such as Pressure Drop (9E�• 

management and Air Treatment .

Energy Efficiency and Leakage Management

According to the 9th edition of the manual, energy represents approximately 70-80% of the total lifecycle costof

a compressor. Engineers are encouraged to adopt the following strategies to maximize ROI:

•  Leak Detection: A 3mm leak at 7 bar can waste over 2,500 kWh of electricity annually. Routine ultrasonic leak 

detection is recommended.

•  VSD Implementation: Variable Speed Drive (VSD) technology adjusts the motor speed to match air demand, 

potentially reducing energy consumption by up to 35-50% compared to fixed-speed units.

•  Heat Recovery: Up to 94% of the energy consumed by a compressor is converted into heat. Using a heat 

exchanger can repurpose this energy for space heating or boiler pre-heating.

Comprehensive Troubleshooting Guide

Operational failures in Atlas Copco units are frequently linked to environmental conditions or neglected



maintenance. Below is a diagnostic matrix for common compressor issues.



Observed Symptom Potential Technical Cause Recommended Action

Compressor Overheating Clogged oil cooler; Low oil level; 
Ambient temp &gt; 46°C.

Clean cooler fins; Top up Atlas Copco 
Roto-Inject fluid; Improve ventilation.

Oil in Compressed Air Saturated oil separator element; 
Minimum pressure valve failure.

Replace oil separator; Inspect and 
rebuild MPV.

Unit Fails to Start Phase reversal; Emergency stop 
engaged; Undervoltage.

Check electrical sequence; Reset E-
stop; Verify power supply.

Excessive Noise/Vibration Unbalanced rotors; Loose mounting 
bolts; Bearing wear.

Perform vibration analysis; Tighten all 
hardware; Schedule bearing 
replacement.

Oil-Free vs. Oil-Injected Technology

A critical decision point for any facility is the choice between oil-free and oil-injected compressors. While the GX 

and G series are typically oil-injected (relying on oil for sealing, lubrication, and cooling), industries like food and 

beverage or electronics often require ISO 8573-1 Class 0 certified oil-free air.

Oil-Injected:Higher efficiency and lower initial cost. Requires downstream filtration (coalescing filters and carbon

towers) to remove oil aerosols.

Oil-Free:Eliminates the risk of contamination. Uses special coatings on rotors and water-cooling jackets.

Maintenance is generally more specialized but avoids the cost of oil disposal and expensive filtration replacements.

Practical Implementation: Commissioning a New GX System

When integrating an Atlas Copco GX unit into a facility, follow these engineering best practices:

1. Piping Design

Avoid "dead ends" in the piping layout. A ring mainsystem is preferred as it allows air to flow in two directions,

effectively halving the air velocity and reducing the pressure drop across the network. Ensure pipes are sloped

slightly toward moisture traps if a dryer is not present.

2. Receiver Tank Sizing

The receiver tank acts as a buffer. For a GX 3 to GX 11 unit, the general rule of thumb is 1 gallon of storage per

CFM of output. This prevents "short-cycling," where the compressor starts and stops too frequently, leading to

premature motor failure.

3. Environmental Control

Ensure the compressor room has adequate airflow. The intake air should be cool, clean, and dry. Drawing air from 

a dusty environment will clog the intake filter prematurely, forcing the compressor to work harder (increasing the 

Compression Ratio) and consuming more energy.

Strategic Maintenance Framework

Adhering to the service intervals defined in the Atlas Copco Start Instructionsis non-negotiable for warranty

compliance and machine longevity. Maintenance should be categorized into three tiers:



•  Daily: Check oil level, drain condensate from the receiver tank, and monitor control panel warnings.

•  Every 2,000 Hours: Replace air filter and oil filter. Perform an oil analysis to check for metal particulates or 

acidity.

•  Every 4,000-8,000 Hours: Replace the oil separator element. Inspect the thermostatic valve and check the 

tension of the drive belts (on GX models).

In summary, the technical superiority of Atlas Copco systems lies in their precision engineering and the wealth of

documentation provided to the end-user. By understanding the mechanical nuances of the rotary screw, leveraging

PACE technology in portable units, and strictly following the maintenance protocols outlined in the 8th and 9th

editions of the Compressed Air Manual, facilities can achieve unparalleled operational efficiency. The transition

towards smart, monitored systems (like Atlas Copco’s SMARTLINK) further ensures that these assets remain

optimized throughout their entire lifecycle, minimizing downtime and maximizing the transition of energy into

productive pneumatic power.
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