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Bucket elevators and
bucket conveyors

Module

4

What is covered?

Learning Outcomes
After studying this module you should be able to:

Unit 1

■■
■■
■■
■■
■■

C

■■

State the two categories of bucket elevators.
List the three main types of bucket elevators.
Determine the function of holdback devices.
Explain the purpose of tensioning devices.
List the functions of tail pulleys.
Identify the advantages and disadvantages of elevators.
List the purposes of bucket elevators.
Explain, with the aid of labelled sketches, the working operations of a
continuous bucket elevator and a centrifugal bucket elevator.

Unit 2
■■
■■
■■

Explain the purpose of bucket conveyors.
Name the different types of bucket conveyors.
List the advantages and disadvantages of different types of
bucket conveyors.

Unit 3

N

O

■■

Calculate the volume of load delivered, number of buckets, volume per
bucket, chain or belt speed, motor power, efficiency, power to lift the load
against gravity, the diameter of the head pulley, and the total length of
the chain.
Calculate the chain speed of bucket elevators.

T

■■

AL

■■
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■■
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This module will focus on the function, construction, and workings of
the different types of bucket elevators and bucket conveyors. Elementary
calculations relating to bucket elevators and bucket conveyors will also
be covered.
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Unit 1: Bucket elevators
LEARNING OUTCOMES

O
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State the two categories of bucket elevators.
List the three main types of bucket elevators.
Determine the function of holdback devices.
Explain the purpose of tensioning devices.
List the functions of tail pulleys.
Identify the advantages and disadvantages of elevators.
List the purposes of bucket elevators.
Explain with the aid of labelled sketches, the working operations of a
continuous bucket elevator and a centrifugal bucket elevator.

Introduction

Keyword

The main function of a bucket elevator is to transport, or elevate, goods and
materials from a lower level to a higher level with ease. The buckets are linked to a
chain or belt, which moves when the equipment starts to rotate around the tail and
head pulleys of equal diameter.
Bucket elevators move bulky material – much like a conveyor belt does, but
vertically. Buckets are attached to a rotating belt, and fill with material at the bottom of
the elevator to move it upwards to a designated higher point. Buckets prevent spillage
with their upright position design. Refer to Figure 4.1 for a typical bucket elevator.
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AL

elevate to raise
something up to a
higher-level position

C

■■
■■
■■
■■
■■
■■
■■
■■

Figure 4.1 A typical bucket elevator

104

Module 4: Bucket elevators and bucket conveyors

9781485717492_ntd_mhn_n5_stb_eng_za.indb 104

3/4/2021 2:47:37 PM

Module 4

1. Types of bucket elevators
Bucket elevators can be categorised as either chain and bucket, or belt and bucket.
There are three types of bucket elevators applicable to current industrial use, and
each of these types has a particular use:
■■

Centrifugal discharge bucket elevator

■■

Positive, or gravity discharge, bucket elevator

■■

Continuous discharge bucket elevator.

O
PY

2. Centrifugal discharge bucket elevator

Keyword

centrifugal force the
tension caused in a
running belt or chain
by centrifugal force is
known as centrifugal
tension. Whenever a
particle of mass m is
rotated in a circular
path of radius r at a
uniform velocity v, a
centrifugal force acts
radially outwards

chute a sloping
channel or slide for
conveying goods and
materials to a lower or
higher level

T

FI
N
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C

This type of bucket elevator system operates on the principle of centrifugal force.
Due to the nature of centrifugal forces, high speeds must be maintained for the
system to be effective. It is most effective for transporting free-flowing fine materials
such as sand and grain. The material gets fed through the loading chute. By then
making use of high speeds and the centrifugal principle, the material gets discharged
directly outwards from the centre of rotation. Figure 4.2 shows the centrifugal
bucket elevator.

N

O

Figure 4.2 The loading and discharge chutes of a centrifugal bucket elevator

Unit 1: Bucket elevators
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3. Positive or gravity discharge bucket elevator

Keyword

The positive discharge bucket elevator relies on gravity, and is also known as the
gravity discharge bucket elevator. Its application is for light and brittle materials
such as confectionery products like candy, as well as for potato chips and ash, etc.
It is also suitable for materials that have a tendency to stick to the buckets, such as
clay soil, wet sand, and cement clinker. The buckets are spaced at intervals and pivot
between two strands of chain to scoop up material at relatively low speeds. Figure
4.2 shows the discharge chute for a gravity discharge bucket elevator.
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brittle a fragile object
– defined as something
hard, but prone to
cracking or breaking

Figure 4.2 Positive bucket elevator showing the discharge chute
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Continuous discharge bucket elevators are utilised in the handling of bulk materials
– ranging from light to heavy. Their main application is to transport sluggish
materials that do not flow freely, such as cement and dry chemicals. They operate
at a moderate speed that is much slower when compared to centrifugal discharge
bucket elevators. Slippage between the buckets is prevented due to the close spacing
of the buckets. Figure 4.3 shows the discharge chute for a continuous discharge
bucket elevator.

sluggish a word
used to describe the
motion of a substance
– sluggish materials
are those types of
material that move
slowly, or are lacking
kinetic energy

FI
N

AL

C

O
PY

Keyword

Module 4

4. Continuous discharge bucket elevator

Figure 4.3 A continuous bucket elevator showing the discharge chute

5. Mounting of buckets

O

T

Bucket elevators are either belt driven, or chain driven, depending on the type of
elevator. Bolts are commonly used to attach the buckets to the driving mechanism,
using ready-aligned holes on the belt or the chain to locate them.

6. Holdback devices

N

Holdback devices are a critical safety element for incorporation into a bucket
elevator system – the buckets carry heavy loads that can cause serious damage
or injury. The main purpose of a holdback device is to prevent the bucket system
from rotating in the wrong direction during operation – due to insufficient power
transmission from the motor to the belt. There are three main types of holdback
devices:
■■ Ratchet type
■■ Differential band brake type
■■ Roller type.

Keyword
ratchet a device
consisting of a bar
or wheel with a set
of angled teeth in
which a pawl, cog,
or tooth engages –
permitting motion in
one direction only

Unit 1: Bucket elevators
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6.1

Ratchet and pawl holdback device

C
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When an elevator motor runs, it turns the pulley in an anti-clockwise direction
and the pawl rises out of engagement with the ratchet. However, when the elevator
pulley starts rotating in the reverse or clockwise direction – as shown in Figure 4.4
– the pawl springs back into re-engagement with the ratchet wheel, and in so doing
immediately stops any further rotation.

6.2

AL

Figure 4.4 A ratchet and pawl holdback device

Differential band brake holdback device

FI
N

The slightest movement by the shaft on which this device is mounted causes the
holdback to function quickly with a cushioning braking effect.

6.3

Roller type holdback device
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The roller type holdback consists of a wedge block – keyed to the drive shaft
and fitted with hardened-steel rollers – rotating inside a casing. When the bucket
conveyor is rotating forwards, the rollers revolve freely with the wedge block; but as
soon as the shaft starts rotating in the reverse direction, the rollers are immediately
jammed between the wedge and the casing – effectively holding the shaft rigid
against the torsional loading.

108

7. Tensioning devices
Tension in a belt or chain is done using take ups, as they provide means of
compensating for variations in chain or belt length due to temperature changes in
the working environment or due to wear. The slack is adjusted using either a screw
type or a gravity type take-up device, similar to those used in belt conveyors.
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8. Tail pulley

Figure 4.5 Slatted tail pulley
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Although the belts utilised in bucket elevators are strong and long lasting, they still
get damaged over time due to abrasive, lumpy, or sticky materials lodging between
the belt and the tail pulley. One of the more common ways to eliminate this problem
is through the use of a slatted tail pulley – the cone-shaped centre of the pulley
discharges the material from the path of the belt before damage is done. Figure 4.5
shows the slatted tail pulley.

■■
■■
■■
■■

Malfunction of chain and belt tensioners leading to chain and belt slackness,
and resulting in a loss of power
Misalignment of sprockets and pulleys, producing uneven wear on both the
chain and the sprockets – as well as the shaft bearings
Overfilling of buckets
Uneven bucket spacing on the chain or belt
Excessive bucket speed, resulting in improper loading and discharging
of buckets.

T

■■

FI
N

9. Problems on elevators

O

10.Service inspection platforms on bucket
elevators

N

Service platforms must be provided at the top of the bucket elevator on three sides,
to allow access to the driving motor and its components for regular inspection and
maintenance purposes. The platform should be accessible by stepladder.
ACTIVITY 4.1 Properties of bucket elevators
4.1.1
4.1.2

List FIVE problems associated with bucket elevators.
Name THREE different types of bucket elevators and describe each.

Unit 1: Bucket elevators
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Unit 2: Bucket conveyors
LEARNING OUTCOMES
Explain the purpose of bucket conveyors.
Name the different types of bucket conveyors.
List the advantages and disadvantages of different types of bucket conveyors.

O
PY

■■
■■
■■

Introduction

AL

C

Bucket conveyors are the actual containers used to convey bulky loose materials
within the bucket elevator – mainly vertically upwards, or on any incline ranging up
to 70° degrees with the horizontal plane. They are best suited for confined spaces,
and the amount of material that they can transport is dependent on the strength of
the conveyor as well as the bucket size.
Bucket elevators are carefully designed, well balanced, cost effective, constructed
to be as lightweight as possible, and possess great strength and flexibility. They are
seamless, evenly shaped and smooth, so that the material they are transporting does
not get wedged in the buckets.

Types of bucket conveyors

FI
N

There are three main types of bucket conveyors that are commonly used in industry:

■■

Open top bucket conveyors

■■

V-bucket conveyors

■■

Pivoted bucket conveyors.

Open-top bucket conveyors

N

O

T

Open-top bucket conveyors are used mainly to convey large, bulky materials – often
the products of large crushers. The buckets can be as large as 2 m in length, with
overlapping edges to prevent material spillage and backsliding. The buckets are
attached to a flexible chain that can operate at inclines as steep as 70°, and the only
time the material can be discharged is when the bucket goes over the head pulley
and tips over.

Figure 4.6 Open-top bucket conveyors

110
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V-bucket conveyors
These conveyors, as their name suggests, involve the use of v-shaped buckets – useful
for scraping material along the floor. They are used for conveying non-abrasive
materials such as coal, and can operate on any incline and can discharge at any point
on the horizontal run. Guard plates are located at the top of the incline to ensure
that no material is spilled as the buckets begin to tip; the buckets then continue
scraping the material until they reach a discharge chute and push the material into it.

O
PY

Pivoted bucket conveyors
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This type of conveyor system operates similarly to positive discharge bucket
elevators. They are primarily used vertically, as their primary application is to
handle coal and ash in boiler plants. They require less power compared to V-bucket
conveyors due to the fact that the material is carried and not dragged across the
horizontal run. Another benefit is that pivoted bucket conveyors can operate at any
inclined angle since they remain in the upright position until tipped.

Unit 2: Bucket conveyors
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Unit 3: Bucket elevators and bucket conveyors
LEARNING OUTCOMES

■■

O
PY

Calculate the volume of load delivered, number of buckets, volume per bucket,
chain or belt speed, motor power, efficiency, power to lift the load against
gravity, the diameter of the head pulley, and the total length of the chain.
Calculate the chain speed of bucket elevators.

■■

Introduction

C

This section considers the formulae and symbols used for calculations involving
bucket elevators and bucket conveyors.

Formulae and symbols

AL

Volume of the load delivered
load mass

V/s = __________
  load density  = __
  M
ρ 

where: V/s = volume of load delivered (in m3/s)
M = mass of the load delivered (in kg/s)

FI
N

ρ = density of the load conveyed (in kg/m3).

Number of buckets per second
vchain

vchain

B/s = ______
  spacing  = ____
  S 

where: B/s = number of buckets passing loading point (in B/s)

N

O

T

vchain = velocity of chain or belt (in m/s)

Velocity of belt or chain
____________

v=√
 g  
× r × cos θ 
where: v = chain or belt speed (in m/s)
g = gravitational acceleration (in m/s2)
r = radius of the head pulley (in m)
θ = discharge angle (in degrees).

Another method for calculating the belt or chain speed is to use the following:
πDN

v =  ____
60  

112

S = spacing between the buckets (in m).

where: D = pulley effective diameter (in m)
N = pulley speed (in rpm or r/min).

Module 4: Bucket elevators and bucket conveyors

9781485717492_ntd_mhn_n5_stb_eng_za.indb 112

3/4/2021 2:47:40 PM

Module 4

Note: The discharge angle is the angle at which discharge begins to take place after
the top dead centre (TDC), or after the top of the head pulley; if no discharge angle
is given in the calculation data, then θ can be considered to be taking place at top
dead centre and thus θ = 0° – therefore cos θ = 1.

Volume contained per bucket
volume delivered per second

V/s

______________________
volume/bucket =    
 
  
 = ___
  B/s 
buckets
per second

V/s = volume delivered (in m3/s)
B/s = number of buckets (in B/s).

Mass contained per bucket

O
PY

where: V/bucket = volume of the material conveyed in a bucket (in m3/bucket)

mass delivered per second

M/s

  
 = ____
  B/s 
mass/bucket = ____________________
    
buckets per second

C

If the density of the material conveyed is not provided in the calculation data, then
an option for calculating the amount of mass contained per bucket is:

where: V/bucket = volume of the material conveyed in a bucket (in m3/bucket)
M/s = mass of load delivered (in kg/s)

AL

B/s = number of buckets (in B/s).

Power
PLoad = Pgravity = mgh

FI
N

where: m = the load delivered mass (in kg/s)
g = gravitational acceleration = 9,81 m/s2
h = vertical height of the elevator (in m).

Note: Load power is equal to the power required to lift the load against gravity, and
that power is considered to be the output power required to do the work.
PLoad

η = _____
  P  × 100%
Motor

POutput

T

similarly: η = _____
  P  × 100%
Input

mgh

O

where: PMotor = PInput = ____
  η 

η = overall efficiency of the system (in %).

N

Solved examples
Calculations for bucket elevators include calculating the amount that each bucket
can carry in terms of volume, if density is provided; otherwise, you should calculate
the mass per bucket if the density is not provided.
Calculations relating to the terms described are explained in the examples
that follow.
Note: Remember that the main principle in answering questions is to apply the
‘info given’ against the ‘data required’ methodology.

Unit 3: Bucket elevators and bucket conveyors
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Example 4.1

Bucket elevator calculations

Solution
Data given:
ρAsh = 1 600 kg/m3

600

O
PY

A bucket elevator is used to lift ash of density of 1 600 kg/m3, at a mass rate of 600
tonnes per hour, through a vertical height of 85 m. if the chain speed is 90 m/min and
the space between the buckets is 1,2 m, determine:
1. The volume that each bucket contains
2. The power required to drive the motor if the drive head has an efficiency of 85%.

mass of the load delivered = 600t/h = ___
3,6  = 166,667 kg/s
90

v = 90 m/min = ___
  60  = 1,5 m/s

bucket spacing = 1,2 m
h = 85 m.

vchain

vchain

1,5

C

The amount of volume per bucket:
166,667
load mass
_______
3
V/s = __________
  load density  = __
  M
ρ  =   1 600  = 0,104 m /s

.
1


____ ___
B/s =  ______
spacing  =   S  =   1,2  = 1,25 buckets/s
volume delivered per second

V/s

______________________
V/bucket =    
 
  
 = ___
  B/s = 0,104/1,25 = 0,0832 m3/bucket.
buckets per second

The required motor power:
Pgravity = mgh

AL

2.

Pgravity = 166,667 × 9,81 × 85 = 138 975,278 W = 138,175 kW
mgh

138,175

FI
N

but: PMotor = PInput = ____
  η  = _______
  0,85  = 162,559 kW.
Example 4.2

Bucket elevator calculations

T

A bucket elevator is used to lift ash of density of 850 kg/m3, at a mass rate of 390 tonnes
per hour, through a vertical height of 65 m. if the chain speed is 0,78 m/s and the space
between the buckets is 1,1 m, determine:
1. The volume that each bucket contains
2. The efficiency that the driving head has if the driving motor power is 78 kW.

N

O

Solution
Data given:
ρcoal = 850 kg/m3

390

mass of the load delivered = 390t/h = ___
  3,6  = 108,333 kg/s
v = 0,78 m/s
bucket spacing = 1,1 m
h = 65 m.
1.

The amount of volume per bucket:
108,333

_______
3
V/s = __________
  load density  = __
  M
ρ  =   850  = 0,127 m /s
load mass
vchain

vchain

0,78

____ ____
B/s =  ______
spacing  =   S  =   1,1  = 0,709 buckets/s
Volume delivered per second

V/s

0,127

______________________
  
 = ___
  B/s = _____
  0,709  = 0,179 m3/bucket.
V/bucket =    
 
Buckets
per second

114
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The efficiency of the drive head:
Pgravity = mgh

Module 4

2.

Pgravity = 108,333 × 9,81×65 = 69 078,537 W = 69,079 kW
PLoad

 × 100%
but: η =  _____
P
Motor

69,079
		η = ______
  78  × 100% = 89%.

Example 4.3

Bucket elevator calculations

O
PY

A bucket elevator used to transport coal has the following details: the centre distance
between the head and tail pulleys is 100 m, the bucket spacing is 850 mm, and the chain
speed is 120 m/min. A mass of 1 400 tonnes is transported during an operational shift of
8.5 hours. The discharge of the coal commences at 35° after the top dead centre.
Assume that the head pulley is identical the tail pulley and calculate:
1. The head pulley diameter
2. The total belt length
3. The output of the driving motor if the drive is 75% efficient.

C

Solution
Data given:
C = 100 m

v = 120/60 = 2 m/s

AL

bucket spacing = 850 mm

shift time = 8,5 hours

164,706

1 400

  3,6  = 45,752
load mass = 1 400 tons where: load mass = _____
  8,5  = 164,706t/h = _______
kg/s.
Head pulley diameter:

FI
N

1.

____________

		
v=√
   
g × r × cos θ 
v2

2
		
∴r = _______
  g × cos θ = _____________
    
9,81 × cos (35°)  = 0,498 m
2

∴ d = 0,498 = 0,996 m

The driving motor power:
Pgravity = mgh
203,129
Pgravity = 45,753 × 9,81 × (
 _______
  2 ) = 45 585,898 W = 45,586 kW
mgh
45,586
but: PMotor = ____
  η  = ______
  0,75  = 60,781 kW.

N

O


3

Total length of the chain:
L = 2(πr) + 2C
L = 2(π × 0.498) + (2 × 100) = 203,129 m.

T

2.

so: d = 996 mm.


4

Mass per bucket:
mass delivered per second

M/s

		
mass/bucket =  ____________________
  
  
 = ___
  B/s 
buckets per second
vchain

vchain

2
		 but: B/s = ______
  spacing  = ____
  S  = ____
  0,85
 = 2,353 buckets/s.
M/s

45,753

  2,353  = 19,445 kg/bucket.
∴mass/bucket = ___
  B/s = ______

Unit 3: Bucket elevators and bucket conveyors
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Note: It is required that you calculate the load inside the bucket in terms of volume
if density is given; and in terms of mass if the density is not given. This is done for
every bucket elevator or bucket conveyor problem.
ACTIVITY 4.2 Bucket elevator calculations
A bucket elevator is used to lift ash of density of 900 kg/m3 at a mass rate of
400 tonnes per hour, through a vertical height of 60 m. if the chain speed is 0,7 m/s
and the space between the buckets is 1 m. Calculate:
■■ The volume that each bucket containsThe efficiency of the head pulley if the
driving motor power is 75 kW.

O
PY

■■

ACTIVITY 4.3 Bucket elevator calculations
■■

C

■■

A bucket elevator used to transport coal has the following details: centre distance
between the head and tail pulleys is 90 m, bucket spacing is 700 mm, and chain
speed is 90 m/min. A mass of 1 350 tonnes is transported in an operational shift of
7,5 hours. The discharge of the coal commences at 30° after the top dead centre.
Assume that the head pulley is identical to the tail pulley and calculate:
■■ The head pulley diameter
■■ The total belt lengthThe output of the driving motor if the drive is 75% efficient.

■■

A bucket elevator is used to transport 210 tonnes/hour coal. The coal has a density of
830 kg/m3. The diameter of the head pulley is 290 mm, and the discharge occurs 20°
after the top dead centre. The spacing between the buckets is 1,2 m. The elevator has
a total vertical height of 50 m.
Calculate the following:
■■ The volume of each bucket
■■ The power required to operate the elevator.

FI
N

■■

AL

ACTIVITY 4.4 Bucket elevator calculations

ACTIVITY 4.5 Bucket conveyor calculations
A bucket conveyor transporting coal with a density of 820 kg/m3 is using two pulleys
that are 75 m apart, both having a diameter of 75 cm. Approximately 77 buckets pass
the discharge point in a minute and the discharge commences at 25° after the top
dead centre. Each day, 2 500 tonnes of coal are transported by the elevator in a 10hour shift. Calculate:
■■ The total length of the chainThe chain speed in m/sThe spacing between
each bucket
■■ The volume of each bucketThe motor power required if the efficiency is 78%.

N

O

T

■■
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Module 4

Module summary
■■
■■
■■
■■

Bucket elevator is to transport, or elevate, goods and materials from a
lower level to a higher level with ease
Bucket elevators move bulky material vertically
Buckets prevent spillage by moving in an upright position
Bucket elevators can be categorised as chain and bucket or belt
and bucket
Holdback devices prevent the bucket system from rotating in the wrong
direction during operation

O
PY

■■

Exam questions

4.

(3)
(3)

C

2.
3.

List THREE types of holdback devices applicable to bucket elevator and
bucket conveyor systems.
Name THREE different types of bucket elevators utilised in industry.
A bucket elevator is used to lift coal, with a density of 800 kg/m3 at a rate
of 300 t/h, through a vertical height of 60 m. The chain speed is 0,4 m/s,
and the spacing of the bucket is 1 m. The head has an efficiency of 88%.
Calculate the following:
a) The volume of each bucket
b) The power of the driving motor.	
A bucket elevator used to transport coal has the following details:

AL

1.

(6)
(4)

FI
N

The centre distance between the head and the tail pulleys is 80 m, with a
bucket spacing of 700 mm. At a chain speed of 95 m/min, a mass of 1 300
tonnes is transported during an effective 7 hour shift. The discharge of the coal
takes place at 30° after top dead centre. Calculate the following:

N

O

T

a) The diameter of the head pulley
(6)
b) The total length of the chain, assuming the same diameter for both
head and tail pulleys (Ignore the deflection of the chain due to the
tensioning device.)
(2)
c) The driving motor power required if the drive is 75% efficient.
(10)
Total: 34 marks
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