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Introduction to High-Capacity Industrial Compressed Air Systems

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 production environments. Among the most respected
names in this sector is Atlas Copco, particularly their GA series of oil-injected rotary screw compressors.
Specifically, the GA 110, GA 132, and GA 160 models represent a critical tier of medium-to-large capacity
machines designed for continuous, heavy-duty industrial application. This technical guide provides an in-depth
analysis of these machines, focusing on the integration of Variable Speed Drive (VSD) technology, energy recovery
systems, and the mechanical architecture that enables their high-efficiency performance.

The GA 132 and its counterparts are engineered to provide a reliable source of high-quality air even in the harshest
environments. These machines utilize advanced Smartinjectiontechnology and high-efficiency motors to ensure
that the cost of ownership—primarily driven by energy consumption—is kept to a minimum. For technical
professionals, understanding the internal mechanics and operational parameters of these compressors is vital for
optimizing plant performance and ensuring long-term equipment reliability.

Core Theoretical Framework: The Rotary Screw Mechanism

At the heart of the GA 132 and GA 160 compressors lies the rotary screw element. Unlike reciprocating
compressors that use pistons, the rotary screw utilizes two interleaved helical rotors. As the rotors turn, they create
a series of chambers that decrease in volume, effectively compressing the air trapped between them.

The Role of Oil Injection
While often termed \"oil-injected,\" the fluid used in these machines serves four critical engineering functions
beyond simple lubrication:

* Cooling: The compression of air generates significant heat. The oil absorbs this thermal energy during the
compression cycle, preventing the rotors from overheating and ensuring the air discharge temperature remains
within safe limits.

e Sealing: The oil creates a thin film between the male and female rotors and between the rotors and the
housing. This film acts as a seal, preventing air from leaking back to the intake side, thereby increasing volumetric
efficiency.

 Lubrication: It reduces friction between the moving parts, specifically the bearings and the gear sets.

¢ Cleaning: The oil captures particulate matter that may have bypassed the intake filter, which is then removed
by the oil filter during the circulation cycle.

Thermodynamic Efficiency

In an ideal world, air compression would be isothermal (constant temperature). However, real-world compression

is polytropic, leaning toward adiabatic. By injecting oil, the GA 132 series approximates an isothermal process
more closely than a dry screw compressor, because the oil acts as a massive heat sink. This reduces the work
required for compression, following the thermodynamic principle that less work is needed to compress air when the



temperature rise is minimized.
The Variable Speed Drive (VSD) Revolution

One of the most significant advancements in the Atlas Copco GA range is the implementation of Variable Speed
Drive (VSD)technology. Traditional compressors operate on a load/unload cycle. When the pressure reaches a set
point, the compressor stops producing air but the motor continues to run (unloaded), consuming roughly 20-30% of
its full-load power while doing no work.

VSD Logic and Frequency Inverters

VSD technology eliminates this waste by using a frequency inverter to adjust the motor speed to exactly match the
air demand. If the plant needs 50% capacity, the motor slows down to 50% speed. This results in several technical
advantages:

1. Elimination of Blow-off Losses: Traditional compressors must vent internal pressure when unloading; VSD
machines avoid this frequent energy loss.

2. Precise Pressure Control: VSD units maintain a stable net pressure within a 0.1 bar range, whereas load/
unload units typically swing between 0.5 and 1.0 bar.

3. Reduced Starting Currents: VSD acts as a soft starter, eliminating the massive current spikes associated
with Star-Delta starts.

Mathematical Comparison of Energy Consumption

The energy savings of VSD can be quantified. In a typical industrial profile where demand fluctuates, a GA 132

VSD can reduce energy costs by up to 35% compared to a fixed-speed equivalent. The Specific Power
Requirement (SER), measured in Joules/liter or kW/m3/min, is significantly lower across the entire operating range
of a VSD machine compared to the average SER of a cycling fixed-speed machine.

Technical Specifications and Performance Metrics

The following table outlines the comparative specifications for the GA 132 and GA 160 series. These figures are
based on standard reference conditions (ISO 1217).



Metric GA 132 (Fixed GA 132VSD GA 160 (Fixed GA 160VSD
Speed) Speed)

Max working 75-13 4-13 75-13 4-13

pressure (bar)

Capacity FAD (I/s) 410.8 145 - 452 501.3 148 - 520

Installed Motor 132 132 160 160

Power (kW)

Noise Level (dB(A)) 72 72 75 75

Weight (kg) - Pack 2550 2610 2680 2740

version

Note: FAD (Free Air Delivery)is the actual volume of air compressed and delivered to the discharge pipe, referred
to the conditions of free air at the inlet.

Advanced Engineering Components

I[E4 and IE5 Motors

Atlas Copco integrates high-efficiency motors into the GA 132-160 range. Many modern iterations utilize iPM
(Internal Permanent Magnet)motors. Unlike induction motors, iPM motors do not have rotor copper losses and
maintain high efficiency even when running at low speeds. This is crucial for VSD applications where the motor
spends significant time at partial load.

The Elektronikon® Monitoring System

Operation of the GA series is managed by the Elektronikon®controller. This is not a simple thermostat or
pressure switch; it is a sophisticated microcomputer that monitors dozens of sensor inputs, including:

¢ Element outlet temperature.

« Inlet air pressure and temperature.

¢ Oil pressure and differential pressure across the oil separator.
¢ Motor speed and current.

¢ Ambient temperature.

The Elektronikon® uses proprietary algorithms to predict maintenance needs and protect the machine. For
instance, if it detects a rapid rise in element temperature, it will ramp down the speed or trigger a safety shutdown
before catastrophic failure occurs.

Smartinjection Technology

To further enhance efficiency, the GA range employs Smartinjection. This system precisely regulates the amount
of oil injected into the compression element based on the operating conditions. By optimizing the oil flow, the
compressor reduces internal drag and improves the compression efficiency, particularly at part-load conditions
where over-injection can lead to unnecessary energy consumption.

Energy Recovery Systems: Harnessing Waste Heat

One of the most compelling technical features mentioned in the Atlas Copco manual is the Energy Recovery (ER)



system. Roughly 94% of the electrical energy consumed by an air compressor is converted into heat. In a standard
setup, this heat is dissipated into the atmosphere via air or water coolers.

The Mechanics of Thermal Recovery

The ER system utilizes a heat exchanger integrated into the oil circuit. Before the oil reaches the standard air-
cooled heat exchanger, it passes through a water-cooled heat exchanger. This allows the compressor to transfer
heat to a water circuit, producing hot water at temperatures up to 90°C (194°F). This water can then be used for:

< Boiler pre-heating for industrial processes.

¢ Space heating in warehouses or offices.

e Sanitary water for showers and kitchens.

¢ Process heating in food or chemical industries.

Calculation of Potential Savings

For a GA 160 running at full load, the recoverable heat can be calculated as follows:Recoverable Power (kW) =
Total Shaft Power (kW) x 0.90For a 160kW machine, this is approximately 144kW of thermal energy. Over 8,000
hours of annual operation, this equates to 1,152,000 kWh of energy that does not need to be purchased from a gas
or electric utility.

Practical Implementation and Installation Logic

Proper installation of a GA 132 or GA 160 is critical for its longevity and efficiency. There are several engineering
considerations that must be addressed during the commissioning phase.

Ventilation and Ambient Conditions

Air-cooled compressors require massive amounts of cooling air. A GA 160 can move over 5,000 m3/h of cooling air.
If the compressor room is not properly ventilated, the machine will recirculate its own hot exhaust air, leading to
High Element Outlet Temperature (HEOT)trips. Ducting should be designed with minimal backpressure to
ensure the internal fans can move the required volume of air.

Air Quality Integration
Depending on the application, the air from the GA 132 may need further treatment. While the compressor includes

a moisture separator, it does not remove oil vapor or fine particulates. A typical high-quality installation includes:

1. Refrigerant Dryer: Lowers the pressure dewpoint to +3°C to prevent condensation in the piping.
2. Coalescing Filters: Remove oil aerosols down to 0.01 mg/m3.
3. Active Carbon Towers: Necessary for food-grade or pharmaceutical applications to remove oil vapors.

Maintenance Protocols and Reliability Engineering

Reliability is built on a foundation of preventative maintenance. The GA 132-160 series uses a modular
maintenance approach, typically categorized by running hours.

Standard Maintenance Schedule



Interval (Hours) Key Actions Critical Components
Every 4,000 Oil Sampling & Filter Change Oil filter, Air filter, Oil analysis.

Every 8,000 Major Service (Yearly) Oil change, Separator element
replacement, Regulating valve kit.

Every 24,000 Element Inspection Checking rotor clearances and
vibration analysis.

Every 40,000 Motor Bearing Greasing/Replacement Ensuring electrical efficiency and
preventing mechanical seizure.

Oil-Air Separation Science

The oil separator is a critical component for air quality. In the GA series, a multi-stage separation process is used.
First, centrifugal force removes the bulk of the oil. Second, a pleated separator element captures the remaining fine
droplets. This ensures an oil carryover of less than 3 ppm (parts per million) before any external filtration is applied.

Troubleshooting and Failure Mode Analysis

Technical teams must be prepared to diagnose issues rapidly. The following are common operational challenges
and their technical solutions.

Issue: High Discharge Temperature

» Potential Cause: Fouled oil cooler or low oil level.

¢ Solution: Clean the external fins of the cooler with compressed air or a chemical degreaser. Check the oil level
during a stopped state and top up with Roto-Inject ND or Roto-Xtend fluid as specified.

* Advanced Diagnosis: Check the thermostatic bypass valve. If the valve is stuck open, oil will bypass the cooler
and return directly to the element.

Issue: Excessive Oil Consumption
¢ Potential Cause: Ruptured oil separator element or scavenge line blockage.

¢ Solution: Replace the separator element. Ensure the scavenge line (the small tube that sucks oil from the
bottom of the separator back to the element) is clear and the check valve is functioning.

Issue: Unstable Pressure in VSD Units

« Potential Cause: Incorrect PID (Proportional-Integral-Derivative) settings or air leak downstream.
e Solution: Adjust the Elektronikon® gain and integration time settings to match the plant's volume and demand
fluctuations. Ensure the pressure transducer is calibrated.

Summary and Future-Proofing Compressed Air Assets

The Atlas Copco GA 132 through GA 160 VSD range represents a pinnacle of rotary screw engineering. By moving
away from the inefficiencies of fixed-speed, load/unload operation and embracing the flexibility of VSD technology,
industrial facilities can realize massive energy savings. Furthermore, the ability to recover waste heat via integrated
ER systems transforms the compressor from an energy-consuming cost center into a secondary heat source for
the plant.

As industrial standards move toward Industry 4.0, the integration of SMARTLINKremote monitoring in  these



machines allows for data-driven maintenance. Engineers can now monitor machine health from a smartphone,
receiving alerts before a fault occurs. This shift from reactive to proactive maintenance is the final piece of the
puzzle in achieving maximum uptime and minimal total cost of ownership. For any facility requiring a steady,
efficient, and high-volume air supply, the GA 132-160 VSD series provides a robust and technologically advanced
platform that meets the demands of modern manufacturing.

Baca Juga (Artikel Terkait)

e Comprehensive Engineering Guide to Industrial Oil Burner Nozzles: Precision Atomization, Mathematical
Modeling, and Maintenance Protocols

URL: http://alaskawriters.com/industrial-oil-burner-nozzle-engineering-guide.pdf

* Comprehensive Guide to Industrial Pneumatic Fittings: Technical Engineering and the Nordair Ecosystem
URL: http://alaskawriters.com/industrial-pneumatic-fittings-nordair-technical-guide. pdf
¢ Industrial Ecology and Sustainable Engineering: A Comprehensive Technical Framework for Modern
Manufacturing
URL: http://alaskawriters.com/industrial-ecology-sustainable-engineering-technical-guide.pdf
* The Engineering Handbook to Rotary Screw Compressors: A Technical Deep Dive into Industrial Air
Systems

URL: http://alaskawriters.com/rotary-screw-compressor-engineering-handbook.pdf

Tags: #Atlas Copco #Air Compressor #Rotary Screw #Variable Speed Drive #Energy Efficiency


http://alaskawriters.com/industrial-oil-burner-nozzle-engineering-guide.pdf
http://alaskawriters.com/industrial-oil-burner-nozzle-engineering-guide.pdf
http://alaskawriters.com/industrial-pneumatic-fittings-nordair-technical-guide.pdf
http://alaskawriters.com/industrial-ecology-sustainable-engineering-technical-guide.pdf
http://alaskawriters.com/industrial-ecology-sustainable-engineering-technical-guide.pdf
http://alaskawriters.com/rotary-screw-compressor-engineering-handbook.pdf
http://alaskawriters.com/rotary-screw-compressor-engineering-handbook.pdf

Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6



