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In the demanding environment of underground mining and civil tunneling, the precision and efficiency of face

drilling operations are the primary determinants of project viability and safety. The Atlas Copco (nhow Epiroc)
Boomer series has long established itself as the industry benchmark for hydraulic face drilling rigs, commonly
referred to as "jumbos.” These machines are engineered to execute complex blast patterns with mathematical
accuracy, ensuring optimal rock fragmentation and structural integrity of the excavation. This technical analysis
explores the engineering architecture, modular components, and operational mechanics of the Atlas Copco
Boomer fleet, ranging from the compact T1 D to the expansive XL3 D models.

1.The Engineering Architecture of Underground Jumbos

A face drilling rig is a multi-system integration of mechanical, hydraulic, and electronic components designed to
work in synergy under extreme geological pressure. The fundamental objective of the jumbo is to position a high-
frequency rock drill (drifter) against a rock face to create blastholes that follow a pre-designed pattern. The
efficiency of this process is measured by pull per blast, overbreak control, and drilling speed.

Core System Components

e The Carrier: The chassis of the rig, typically articulated for maneuverability in tight headings. It houses the
power pack (diesel engine for tramming and electric motors for drilling) and the hydraulic pumps.

e The Boom (BUT Series): The BUT (Boom Underground Tunnelling) series provides the structural reach and
positioning. These booms feature heavy-duty cylinders and advanced suspension to minimize vibration during high-
impact drilling.

¢ The Feed (BMH Series): The feed beam guides the rock drill. Modern Atlas Copco rigs utilize aluminum or
high-strength steel feeds designed to handle the high feed forces required for rapid penetration without bending or
misalignment.

e The Rock Drill (COP Series): The heart of the machine. The COP series rock drills (e.g., COP 1838HD+,

COP 2238) utilize hydraulic percussion and rotation to fracture rock.

2. Technical Deep Dive: COP Rock Drill Technology

The performance of Atlas Copco face drilling rigs is inextricably linked to the COP (Compact Percussion)rock
drill. Unlike traditional pneumatic drills, these hydraulic drifters utilize high-frequency impact energy to achieve
superior penetration rates.

The Dual-Damping System

One of the most critical engineering feats in the COP series is the dual-damping system. When the drill bit strikes
the rock, a significant portion of the energy is reflected back through the drill steel. Without damping, this energy
would cause catastrophic wear on the internal components of the drifter and the boom. The dual-damping system
absorbs these shock waves, allowing for:

1. Higher Impact Power: More energy can be delivered to the rock without damaging the machine.



2. Extended Consumable Life: Drastically reduces the wear on shank adapters, couplings, and drill bits.
3. Continuous Contact: Ensures the bit stays in constant contact with the rock, preventing "dry firing" or air-
drilling.

Comparison of Rock Drill Models



Feature COP 1638 COP 1838HD+ COP 2238

Impact Power 16 kW 18 kW 22 kw

3. Specialized Model Analysis: From S1 D to XL3 D

Atlas Copco categorizes its Boomer rigs based on the number of booms and the intended coverage area. Choosing
the correct model depends on the cross-sectional area of the tunnel or mine drift.

Boomer S1 D: The Compact Specialist

The Boomer S1 D is a single-boom jumbo designed for small-scale operations. Despite its small footprint, it is
equipped with the BUT 29 boom, offering a coverage area of up to 31 m&sup2;. It is ideal for narrow-vein mining
and utility tunnels where maneuverability is paramount.

Boomer T1 D: Optimized for Narrow Headings

Technical specifications for the Boomer T1 D indicate a focus on extremely tight spaces. With a coverage area of
23 m&sup2;, it provides a smaller profile than the S1 D, making it the preferred choice for development in mines
with restrictive dimensions. It often utilizes the COP 1638 drifter to balance power with the structural limits of its
compact frame.

Boomer M2 D and M2 C: The Versatile Workhorses

The Boomer M2is a dual-boom rig that represents the "sweet spot" for most underground mining development.
The distinction between "D" and "C" is significant:

e Boomer M2 D: Direct-controlled (hydraulic-over-hydraulic). This model is favored in regions where manual
maintenance is preferred over complex electronics. It uses pilot-controlled valves to actuate the booms.

e Boomer M2 C: Computer-controlled. Equipped with the Rig Control System (RCS), this model allows for
automated drilling functions, data logging, and high-precision positioning via on-board sensors.

Boomer E2 C and XL3 D: Large-Scale Infrastructure

For large civil engineering projects, such as highway or rail tunnels, the Boomer E2 C (two booms) and Boomer
XL3 D(three booms) are employed. The XL3 D, featuring a high-reach console and three BUT 35 booms, can
cover massive face areas, enabling the excavation of large caverns in a single pass.

4.The Rig Control System (RCS) and Automation

The transition from pilot-hydraulic control to the Rig Control System (RCS)has revolutionized face drilling. RCS is
a digital platform that monitors all rig functions and provides varying levels of automation.

Levels of Automation

1. ABC Regular: Provides digital hole depth measurement and boom positioning assistance. It ensures that
holes are drilled to the correct depth to maintain a flat face.

2. ABC Total: Enables fully autonomous drilling of a complete round based on a pre-loaded drill plan. The
operator monitors the rig while it automatically positions the booms and drills each hole with millimeter precision.

3. Data Logging: RCS collects performance data (penetration rate, hydraulic pressures) which can be analyzed
to optimize bit selection and predict geological changes.

5. Operational Workflow: Executing a Blast Pattern



A successful drilling cycle involves more than just pulling a lever. It requires a systematic approach to ensure the
structural integrity of the rock mass.

Step-by-Step Procedure

1. Setup and Surveying: The rig is driven to the face. Using the RCS, the operator aligns the rig with the tunnel
laser or GPS coordinates to ensure the "look-out" angle is correct.

2. Collaring: The drifter starts at low impact and low rotation to create a pilot indentation. This prevents the bit
from "walking" across the face, which would ruin the pattern accuracy.

3. Full Power Drilling: Once the bit is seated, the system increases impact and feed force. The Anti-Jamming
System monitors rotation torque; if the bit hits a clay pocket or fractured ground, the system automatically reverses
the feed to prevent the steel from getting stuck.

4. Flushing: Water or air is pumped through the center of the drill steel to clear cuttings from the hole. Proper
flushing is vital to prevent "re-grinding," which accelerates bit wear.

5. Boom Retraction: After reaching the target depth, the boom is retracted, and the RCS guides the operator to
the next coordinate in the drill plan.

The following table provides a side-by-side technical comparison of the most common Atlas Copco face drilling
configurations mentioned in the technical literature.



Rig Model Control Type Number of Booms Boom Model Coverage Area

Boomer T1 D Direct/Hydraulic 1 BUT 4 23 m&sup2;
Boomer S1 D Direct/Hydraulic 1 BUT 29 31 mé&sup2;
Boomer M2 C RCS (Computer) 2 BUT 35 45-65 m&supz;
Boomer E2 C RCS (Computer) 2 BUT 45 Up to 95 m&sup2;
Boomer XL3 D Pilot-Hydraulic 3 BUT35L Up to 178 m&supz;

7.Troubleshooting and Maintenance Framework

In high-availability mining operations, downtime is the primary cost driver. Effective maintenance of an Atlas Copco
jumbo requires a proactive approach to hydraulic health and structural fatigue.

Common Failure Modes and Solutions

¢ Reduced Penetration Rate: Often caused by internal leakage in the rock drill's accumulator. Solution: Check
nitrogen pre-charge levels in the diaphragms.

 Inaccurate Boom Positioning: Usually a result of sensor calibration drift or worn bushings in the BUT boom
joints. Solution: Recalibrate angle sensors and inspect mechanical tolerances.

e Hydraulic Overheating: Caused by clogged oil coolers or bypass valves stuck open. Solution: Perform thermal
imaging on the hydraulic circuit to identify flow restrictions.

¢ Feed Beam Misalignment: Aluminum feeds can warp if excessive feed force is applied to a stuck drill string.
Solution: Ensure the anti-jamming system is correctly set to the rock's Unconfined Compressive Strength (UCS).

The Mathematical Calculation of Feed Force

To optimize drilling without damaging equipment, engineers use a simplified formula for required feed force (F):
F = (P &times; A) - (f &times; L)

Where:P: Impact pressure (bar)A: Piston areaf: Friction coefficient of the feed guidesL:Length of the drill string
(weight factor)

Modern RCS rigs automate this calculation in real-time, adjusting the feed force thousands of times per minute
based on feedback from the drifter.

8. Safety and Environmental Considerations

The evolution of the Boomer series has also focused on operator ergonomics and environmental footprint. The
transition from diesel-powered tramming to battery-electric vehicles (BEV) is the latest trend, reducing heat and
particulate matter in the underground atmosphere.

FOPS/ROPS Certification

Every Atlas Copco cabin is FOPS (Falling Object Protective Structure) and ROPS (Roll-Over Protective
Structure)certified. Furthermore, the noise-dampening technology used in the cabins reduces sound levels to
below 80 dB(A), protecting operators from long-term hearing loss caused by the high-frequency percussion of the
rock drills.



9. Strategic Implications of Face Drilling Precision

The ultimate goal of using high-end jumbos like the Boomer series is the optimization of the "drill-and-blast" cycle.
Precision in hole placement leads to several downstream benefits:

1. Minimized Overbreak: Drilling outside the design profile requires extra concrete or shotcrete for support,
increasing costs significantly.

2. Better Fragmentation: Evenly spaced holes ensure that explosives break the rock into manageable sizes for
loaders and crushers.

3. Enhanced Wall Stability: Accurately placed contour holes (perimeter holes) reduce the blast-induced damage
to the surrounding rock mass, resulting in a safer working environment.

As the industry moves toward Mining 4.0, the integration of face drilling rigs with centralized mine management
software will become standard. Rigs like the Boomer M2 C and E2 C are already capable of transmitting real-time
data to surface offices, allowing for immediate adjustments to mine plans based on actual geological conditions
encountered at the face. The engineering excellence of Atlas Copco's drilling technology remains a cornerstone of
this digital transformation, providing the physical reliability needed to complement advanced software solutions.
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