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ELECTRIC DRIVE SYSTEM:

An electric drive system converts electrical energy into mechanical motion to power
the robot’s joints, wheels, or end-effectors. The electric drive systems are capable of
moving robots with high power or speed. The actuation of this type of robot can be
done by either DC servo motors or DC stepping motors. It can be well —suited for
rotational joints and as well as linear joints. The electric drive system will be perfect
for small robots and precise applications. Most importantly, it has got greater
accuracy and repeatability.

The process involves:

1. Power Source:

o AC supply (for stationary industrial robots) or DC battery packs (for
mobile robots, drones, service robots).

o Some systems use hybrid power for longer endurance.

2. Controller / Motor Driver:

o Receives control signals from the robot controller (PLC,
microcontroller, or computer).

o Adjusts voltage, current, and frequency to control:
»  Speed of movement
« Torque (rotational force)
« Direction
« Position

3. Electric Motor

o Converts electrical energy into mechanical motion.
o Types used in robotics:

= Servo Motors — High precision, closed-loop control, most
common in robotic joints.

= Stepper Motors — Accurate step-based motion, open-loop or
closed-loop.
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= Brushless DC Motors (BLDC) — High efticiency, long life, used
in drones & mobile robots.

» AC Motors — For high-power, large industrial robotic arms.

4. Transmission System

o Links motor shaft to the robot’s moving parts.
o May include gears, belts, pulleys, or direct-drive couplings.
o QGear reduction increases torque for heavy loads.

5. Feedback Sensors:

o Encoders — For position tracking.

o Tachometers — For speed measurement.

o Current Sensors — For torque estimation.
o Enables closed-loop control for accuracy.

6. Control Loop:

o Sensors send feedback to the controller.

o Controller adjusts motor drive signals in real-time for precise motion.
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Features:
« Precise control over speed, torque, and position.

« Smooth and quiet operation.
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Wide speed range — from slow, precise motion to high-speed movement.
Direct compatibility with microprocessor-based control systems.
No fluid leakage or air pressure loss (unlike hydraulics/pneumatics).

Easily scalable — small motors for micro-robots, large motors for industrial
arms.

Multiple motor types available depending on performance needs.

APPLICATIONS IN ROBOTICS:

Industrial robots — Welding, painting, material handling.

Mobile robots — Automated Guided Vehicles (AGVs), warehouse robots.
Medical robots — Surgical assistance, rehabilitation.

Humanoid robots — Joint actuation for arms, legs, head.

Precision robots — Semiconductor manufacturing, laboratory automation.

Collaborative robots (cobots) — Safe human-robot interaction.

Advantages:

High precision and repeatability — Suitable for tasks requiring exact
positioning.

Fast response time — Ideal for pick-and-place, sorting, and inspection.
Low maintenance — No fluid leaks, less wear in brushless designs.

Clean operation — No oil, no air exhaust, suitable for sterile environments.
Energy efficient — Direct electrical-to-mechanical conversion.

Easy integration — Works directly with electronic control systems.

Lightweight options — Especially_important for mobile and aerial robots.

Disadvantages:
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« Lower power density than hydraulics — Requires larger motors for very heavy
loads.

o Heat build-up — At high loads, motors may overheat without cooling systems.
o Cost — High-performance servo or BLDC systems can be expensive.

o Gearbox dependency — For high torque, gear reductions are required (adds
weight and complexity).

o Sensitive to environment — Motors and electronics can be damaged by
moisture, dust, or high EMI.

MECHANICAL DRIVE SYSTEM:

A mechanical drive system in robotics transmits motion and power from a motor
(electric, hydraulic, or pneumatic) to the robot’s moving parts purely through
mechanical elements such as gears, belts, chains, cams, or linkages.
It does not directly generate power; instead, it modifies and transfers the motion
from the prime mover to the end effector.

Step-by-step working:

1. Prime Mover
o Can be an electric motor, hydraulic motor, or pneumatic actuator.
o Provides the initial rotational or linear motion.

2. Mechanical Transmission Elements
o Gears — Change speed and torque (e.g., spur, bevel, worm gears).
o Belt drives — Flexible transmission over distance.
o Chain drives — Positive engagement, good for high torque.

o Lead screws & ball screws — Convert rotary motion into precise linear
motion.

o Cams & followers — Create complex motion patterns.
o Linkages — Transfer and amplify motion between joints.
3. Power Modification

o Mechanical drives adjust speed, torque, and direction to suit the task.
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o Example: A gearbox reduces speed but increases torque for lifting arms.
4. Output Motion to Robot Joint or End Effector

o The mechanical system delivers the transformed motion to the required
part of the robot — wheels, arms, grippers, etc.

5. Control Integration

o Modern robots use encoders or sensors to monitor mechanical position,
enabling closed-loop control.

Features
« Uses purely mechanical means to transfer and modify motion.
o Can achieve very high torque using gear reductions.
« No dependence on fluid or compressed air.
o Can provide continuous motion transmission.
o Works well with low-speed, high-force applications.
o Durable and robust in industrial environments.

o Can be made compact using integrated gear-motor designs.

Applications in Robotics

 Joint actuation in industrial robotic arms (with gearboxes).
o Wheeled robots — Chain or belt drive between motor and wheels.

o Precision positioning — Using lead screws or ball screws in CNC robotic
systems.

« Pick-and-place robots — Gear trains for controlled movement.
« Collaborative robots — Mechanical torque limiters for safety.

« Heavy-load robots — Gear-reduced mechanical drives for lifting.

Advantages
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High efficiency in power transmission (especially gears).
Reliable and durable — Long service life with proper lubrication.
Can transmit large torques for heavy-duty applications.

No leakage issues like hydraulics and pneumatics.

Compact design possible with planetary gear systems.

Direct and precise motion transfer with minimal loss.

Easy to maintain with standard mechanical parts.

Disadvantages

Rigid transmission — May not absorb shocks well unless designed with
dampers.

Backlash in gears — Can reduce positioning accuracy.

Wear and tear — Requires lubrication and periodic maintenance.
Limited flexibility — Motion path is fixed by the mechanical design.
Noise — Especially in high-speed gear or chain drives.

Weight — Heavy gearboxes can increase overall robot mass.

Vibration — Poorly balanced mechanical drives can cause instability.
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