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Conveyor  drive  selection  significantly  impacts  operating  costs,  reliability,  and

maintenance  requirements  in  aggregate  plants.  Understanding  the  differences

between direct drives, fluid couplings, and variable frequency drives (VFDs) enables

plant  engineers  to  select  the  optimal  configuration  for  each application,  balancing

initial cost against long-term operational benefits.

Understanding Conveyor Drive Requirements

Before  selecting  drive  type,  analyze  the  specific  requirements  of  each  conveyor

application:
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Key Drive Selection Factors

FACTOR IMPACT ON SELECTION CONSIDERATIONS

Starting load Determines starting torque requirement Loaded starts vs empty starts

Belt length Affects acceleration time and tension Longer belts need softer starts

Incline angle Gravity adds to starting load Downhill may need holdback

Material characteristics Affects surge loading Sticky vs free-flowing

Speed variability need Determines if VFD justified Process matching, energy savings

Operating environment Affects drive protection needs Dust, moisture, temperature

Starting Torque Analysis

Conveyor starting requires overcoming multiple resistance components:

Starting torque = (Breakaway + Acceleration + Gravity) × Belt mass

Breakaway torque: Overcome static friction (1.5-2.0 × running)

Acceleration torque: Bring belt and material to speed

Gravity torque: Lift material on inclined sections

Typical starting factor: 1.5-2.5 × running torque

Direct Drive Configuration

System Components

Direct drive is the simplest configuration, coupling the motor directly to the reducer:

Electric motor: Typically squirrel cage induction motor

Flexible coupling: Accommodates minor misalignment

Gear reducer: Speed reduction and torque multiplication

Drive pulley: Transmits power to belt

• 

• 

• 

• 

NESANS Belt Conveyor Drive Selection: Direct Drive vs Fl…

Nesans Mining and Automation Private Limited
www.nesansindia.in 

Page 2 of 11



Advantages of Direct Drive

ADVANTAGE BENEFIT

Lowest initial cost No additional drive components

Simplest installation Fewer components to align

Highest efficiency No slip losses in coupling

Minimal maintenance Fewer wear components

Reliable starting Full motor torque available immediately

Disadvantages of Direct Drive

DISADVANTAGE IMPACT

High starting current 6-8× full load current for DOL start

Mechanical shock Sudden torque application stresses components

Belt slip on start Possible on loaded incline conveyors

No overload protection Motor thermal protection only

Fixed speed only No process optimization possible

Best Applications for Direct Drive

Short conveyors (<50m) with low starting loads

Horizontal or slight incline conveyors

Applications with empty starts standard

Where electrical supply can handle starting current

Budget-constrained installations

• 

• 

• 

• 

• 
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Fluid Coupling Drive Configuration

Operating Principle

Fluid couplings use hydraulic oil to transmit torque between input and output shafts:

Impeller: Connected to motor, accelerates oil

Turbine: Connected to reducer, driven by oil flow

Working fluid: Hydraulic oil transmits power

Slip: 2-4% speed difference provides soft start

Fluid Coupling Types

TYPE FILL LEVEL STARTING CHARACTERISTIC APPLICATION

Constant fill Fixed Consistent soft start General conveyor duty

Delayed fill Scoop control Extended acceleration time Long or heavily loaded conveyors

Variable fill Adjustable Programmable acceleration Process matching requirements

Advantages of Fluid Couplings

ADVANTAGE TECHNICAL BENEFIT OPERATIONAL IMPACT

Soft starting Gradual torque application Reduced belt and splice stress

Overload protection Slip increases with load Protects motor and reducer

Load sharing Auto-balances multiple drives Simplified dual-drive setup

Vibration damping Fluid absorbs torsional vibration Smoother operation

No electrical complexity Mechanical solution Standard motor starters work

Disadvantages of Fluid Couplings

DISADVANTAGE IMPACT MITIGATION

Slip losses 2-4% power loss as heat Select proper size

• 

• 

• 

• 

NESANS Belt Conveyor Drive Selection: Direct Drive vs Fl…

Nesans Mining and Automation Private Limited
www.nesansindia.in 

Page 4 of 11



DISADVANTAGE IMPACT MITIGATION

Heat generation Requires cooling for continuous duty External cooler if needed

Oil maintenance Regular checks and changes required Schedule into PM program

Fusible plug failure Shuts down on overheating Monitor temperature

Fixed speed output No speed variation capability Consider VFD if needed

Fluid Coupling Sizing

Proper sizing ensures adequate starting torque while providing protection:

Coupling selection criteria:

1. Motor power rating (kW)

2. Starting frequency (starts per hour)

3. Load inertia ratio (WK² load / WK² motor)

4. Required acceleration time

5. Ambient temperature

Typical sizing: 1.0-1.2 × motor kW rating

Heavy starting duty: 1.3-1.5 × motor kW rating

Best Applications for Fluid Couplings

Medium to long conveyors (50-500m)

Conveyors requiring loaded starts

Incline conveyors with significant lift

Multi-drive conveyors requiring load sharing

Applications needing overload protection

Where VFD cost or complexity isn't justified

• 

• 

• 

• 

• 

• 
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Variable Frequency Drive (VFD) Configuration

Operating Principle

VFDs control motor speed by varying the frequency and voltage of power supply to the

motor:

Rectifier: Converts AC to DC

DC bus: Stores energy, smooths power

Inverter: Creates variable frequency AC

Control system: Manages speed and torque

VFD Control Modes

CONTROL MODE CHARACTERISTICS CONVEYOR APPLICATION

V/f (scalar) Simple, open loop control Basic conveyor duty

Sensorless vector Better torque control at low speed Loaded start conveyors

Closed loop vector Precise torque control with encoder Position-sensitive applications

Direct torque control Fastest dynamic response Reversing or special duty

Advantages of VFD Drives

ADVANTAGE TECHNICAL BENEFIT COST IMPACT

Controlled starting Programmable acceleration ramp Extended belt and component life

Reduced starting current 100-150% vs 600-800% DOL Smaller electrical infrastructure

Speed variation 0-100% speed range Process optimization, energy savings

Energy savings Match speed to demand 15-30% power reduction possible

Regeneration Downhill braking generates power Significant on decline conveyors

Diagnostics Motor and drive monitoring Predictive maintenance capability

• 

• 

• 

• 
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Disadvantages of VFD Drives

DISADVANTAGE IMPACT MITIGATION

Higher initial cost 2-3× direct drive cost Calculate ROI from energy
savings

Complexity Requires programming and setup Use experienced integrator

Harmonic distortion Power quality issues Install line reactors or filters

Motor heating at low
speed

Reduced cooling from motor fan Use inverter-duty motors

Environment sensitivity Dust, heat, moisture damage
electronics

Proper enclosure rating

Bearing currents Shaft voltage causes bearing
damage

Insulated bearings or shaft
grounding

VFD Parameter Settings for Conveyors

Critical parameters for conveyor applications:

PARAMETER TYPICAL SETTING PURPOSE

Acceleration time 30-120 seconds Limit belt tension during start

Deceleration time 30-120 seconds Prevent material spillage on stop

Current limit 110-150% motor FLA Protect motor and drive

V/f pattern Linear or custom Match motor characteristics

Minimum frequency 5-10 Hz Maintain motor cooling

Slip compensation Enabled Maintain speed under load

Best Applications for VFD Drives

Long overland conveyors (>500m)

Variable process rate applications

Multiple speed requirements

Energy-sensitive operations

• 

• 

• 

• 
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Decline conveyors with regeneration potential

Premium reliability requirements

Economic Comparison

Initial Cost Comparison

Approximate costs for 75 kW conveyor drive system:

COMPONENT DIRECT DRIVE FLUID COUPLING VFD

Motor Rs 2,50,000 Rs 2,50,000 Rs 3,00,000 (inverter duty)

Coupling/Drive Rs 25,000 Rs 1,25,000 Rs 3,50,000

Starter/Controls Rs 50,000 Rs 50,000 Included

Installation Rs 25,000 Rs 35,000 Rs 50,000

Total Rs 3,50,000 Rs 4,60,000 Rs 7,00,000

Operating Cost Comparison

Annual operating costs for 6,000 hours at average 60% load:

COST FACTOR DIRECT DRIVE FLUID COUPLING VFD

Efficiency 93% 90% (3% slip) 95% (part load optimization)

Power consumed (kWh/year) 290,000 300,000 260,000 (speed matched)

Electricity cost @Rs 8/kWh Rs 23,20,000 Rs 24,00,000 Rs 20,80,000

Maintenance cost Rs 30,000 Rs 50,000 Rs 40,000

Total annual Rs 23,50,000 Rs 24,50,000 Rs 21,20,000

• 

• 
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Payback Analysis for VFD Upgrade

VFD vs Direct Drive:

Additional capital cost: Rs 7,00,000 - Rs 3,50,000 = Rs 3,50,000

Annual savings: Rs 23,50,000 - Rs 21,20,000 = Rs 2,30,000

Simple payback: 3,50,000 / 2,30,000 = 1.5 years

VFD vs Fluid Coupling:

Additional capital cost: Rs 7,00,000 - Rs 4,60,000 = Rs 2,40,000

Annual savings: Rs 24,50,000 - Rs 21,20,000 = Rs 3,30,000

Simple payback: 2,40,000 / 3,30,000 = 0.7 years

Selection Decision Framework

Decision Tree

Start: Does application require variable speed?

Yes → VFD required

No → Continue to next question

Is energy saving potential significant?

Yes (variable load, long runtime) → Consider VFD

No → Continue to next question

Is soft starting required?

Yes → Fluid coupling or VFD

No → Direct drive acceptable

Is electrical supply limited?

Yes (cannot handle starting current) → Fluid coupling or VFD

No → Direct drive acceptable

Application-Specific Recommendations

APPLICATION RECOMMENDED REASONING

Crusher discharge (<30m) Direct drive Short, empty start normal

• 

• 

• 

• 

• 

• 

• 

• 
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APPLICATION RECOMMENDED REASONING

Stockpile feed (50-100m) Fluid coupling Loaded starts, overload protection

Plant feed from quarry (>200m) VFD Long belt, energy savings

Decline conveyor VFD with regen Braking energy recovery

Process rate matching VFD Speed control required

Multi-drive long conveyor VFD Load sharing control

Installation and Maintenance Considerations

Direct Drive Maintenance

Coupling inspection: Check for wear annually

Alignment verification: Annually or after any work

Motor bearing greasing: Per manufacturer schedule

Fluid Coupling Maintenance

Oil level check: Weekly

Oil change: Annually or per manufacturer recommendation

Fusible plug inspection: Monthly

Seal inspection: Monthly for leaks

VFD Maintenance

Cooling fan operation: Monthly

Filter cleaning/replacement: Monthly in dusty environments

Capacitor inspection: Annually (bulging, leaking)

Connection torque check: Annually

Firmware updates: As available from manufacturer

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Proper drive selection based on application requirements ensures optimal conveyor

performance and minimum total cost of ownership. While VFDs have higher initial cost,

their operational benefits often deliver attractive payback periods in aggregate plant

applications.

Topics: #Drive Selection #Fluid Coupling #VFD #belt conveyor
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