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Introduction 
 

Nowadays, almost all industries require the transportation and handling of materials for the packaging, 

sorting, and distributing phases of production. Consequently, conveyors became a large necessity in any 

wide range industry. The main purpose of a conveyor system is to move materials from one position to 

another in a quick but efficient fashion. Conveyors are also used to: create buffers in the delivery of 

products in a specific sequence that fits the production line, transport products that are considerably 

dense for team members to carry, prevent workers from getting injured due to repetitive movement, 

avoid possible damage caused by movement of products, and create a flexible storage system, where the 

process flow is stabilized by raising or lowering the amount of products.  

Based on their functionality and usage mode, there are many types and designs of industrial conveyors. 

Some types of conveyors that are mounted on the floor are conventional roller, motorized roller, and belt 

conveyors, while overhead conveyor types include electric track, inclined, and ramped conveyors. 

Although all types are very important in different industries, roller conveyor systems are the most 

employed type of conveyor systems. Since conveyors provide a significant service for industries, their 

applications are limitless: airports, distribution centers, food industry, packaging industries, and postal 

sectors. 

In this project, we will be designing a roller conveyor that is driven by chains for the transportation of 

boxes. The design considerations of each component of the roller conveyor are clearly documented in 

this report. 
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Motor Selection  
 

We first calculated the number of boxes to be held by the conveyor: 

 𝑁
𝑏𝑜𝑥𝑒𝑠

=
𝐿

𝑡𝑜𝑡𝑎𝑙

𝐿
𝑏𝑜𝑥

= 6000
500 = 12 𝐵𝑜𝑥 

Then using the velocity required and the weight given of the boxes we got the power required: 

 𝐻 = 𝑊 * 𝑉 = 12 * 50 * 9. 81( ) * 0. 8 = 4. 7 𝑘𝑊

In addition, from the CHIARAVALLI catalog we chose the next higher motor in power. 

 

Figure 1. CHIARAVALLI Catalog selected motor 

The roller diameter required to be within (100<D<150mm), we will choose 125mm 

Specifications now goes as follow: 

 ω = 960 𝑅𝑃𝑀𝑣 = 0. 8 𝑚/𝑠ϕ
𝑟𝑜𝑙𝑙𝑒𝑟

= 125𝑚𝑚

We can then find the required speed in RPM 

 𝑤
𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

= 𝑣
𝑟 * 60

2π = 0.8
0.125 * 60

π = 122. 23≈120

Reduction ratio 

 𝑖 =
ω

𝑑𝑟𝑖𝑣𝑒𝑟

ω
𝑑𝑟𝑖𝑣𝑒𝑛

= 960
120 = 8

In our design we will divide this reduction into two stages, one in the gearbox with  and another 𝑖 = 4
using the chain driver with  so that  𝑖 = 2 𝑖

𝑡𝑜𝑡𝑎𝑙
= 4 * 2 = 8
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Gearbox Design 
 
Given that:  

 𝐻 =  5. 5 𝑘𝑊

 𝑛
1

= 960 𝑅𝑃𝑀

 𝑖 = 4

 

 

Assuming  𝑁
1

= 18 𝑡𝑒𝑒𝑡ℎ

Selecting the module  so standard  𝑚≈2. 3 𝑚 = 2. 5

 𝑑
1

= 𝑚𝑁
1

= 2. 5 * 18 =  45 𝑚𝑚

 𝑑
2

= 𝑚𝑁
2

= 𝑚𝑖𝑁
1

=  180 𝑚𝑚

 𝐶 =
𝑑

1
+𝑑

2

2 = 45+180
2 = 112. 5 𝑚𝑚

 𝐹 = 4π𝑚 = 10π = 31. 416 𝑚𝑚 => 𝑡𝑎𝑘𝑒 𝐹 = 32𝑚𝑚

Bending Stress on Pinion:  

 σ =
𝑊

𝑡

𝐹𝐾
𝑣
𝑚𝑌

 𝑊
𝑡

= 𝐻
𝑉 = 𝐻

𝑤
1
𝑟

1
= 𝐻*60

𝑤
1
2π𝑟

1
= 2. 432 𝑘𝑁

  𝑣 = 2. 262 𝑚
𝑠

 𝐾
𝑣

= 6
6+𝑉 = 0. 7262

 𝑌 = 0. 29327 𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒 2

 σ = 142. 741 𝑀𝑃𝑎

 σ
𝑑𝑒𝑠𝑖𝑔𝑛

= 4σ = 570. 965 𝑀𝑃𝑎

Hence we will use Carbon steel AISI 1040 OQT400 as  𝑆
𝑦

= 600 > σ
𝑑𝑒𝑠𝑖𝑔𝑛

Bending Fatigue: 

 𝑆
𝑒
' = 0. 5𝑆

𝑢𝑙𝑡
= 0. 5 * 779 = 389. 5𝑀𝑃𝑎
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 𝐾
𝑎

= 0. 71

 𝐾
𝑏

= 0. 974

   𝐾
𝑐

= 0. 814 99% 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦( )

 𝐾
𝑑

= 𝐾
𝑒

= 𝐾
𝑓

= 1

 𝑆
𝑒

=  219. 255 𝑀𝑃𝑎

 σ
𝑎

=
𝑊

𝑡

𝐾
𝑣
𝐹𝑚𝐽

as Q = 7 => For a mining conveyor 𝐾
𝑣

= 0. 82 

 𝐽 = 0. 317

 σ
𝑎

=  116. 95 𝑀𝑃𝑎

 𝑛
𝐺

=
𝑆

𝑦

σ
𝑎

= 1. 87

 𝐾
𝑜

= 1. 25

 𝐾
𝑚

= 1. 3 

 𝑛 =
𝑛

𝐺

𝐾
𝑂

𝐾
𝑚

=  1. 15 > 1

Surface Durability 

 𝑆
𝑐

= 2. 76𝐻𝐵 − 70 = 653. 12

 𝑆
𝐻

=
𝐶

𝐿
𝐶

𝐻

𝐶
𝑇
𝐶

𝑅
𝑆

𝑐
= 1.1*1

1*0.8 * 653. 12 = 898. 04

 σ
𝐻

= 𝐶
𝑃

𝑊
𝑡,𝑝

𝐶
𝑣
𝐹 𝑑

1
𝐼 = 191 * 2.432𝐾

0.82*32*45*0.9 = 288. 939

 𝑆
𝐻

= 𝐾
𝑜
𝐾

𝑚
𝑛 σ

𝐻

 𝑛 = 5. 944 > 1
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Bearings on Gearbox 
For the bearings selection we need to calculate the actual loading capacity: 

 𝐶 = 𝑃' 60 ×𝐿×𝑛

106( )
1
3

The bearings are used with rollers having the following characteristics: 

●​  𝑅𝑎𝑑𝑖𝑎𝑙 𝑙𝑜𝑎𝑑 𝐹
𝑟( ) = 0.88517

2 = 0. 442585 𝑘𝑁

●​  𝐴𝑥𝑖𝑎𝑙 𝑙𝑜𝑎𝑑 𝐹
𝑎( ) = 2.432

2 = 1. 216𝑘𝑁

●​  𝑆ℎ𝑎𝑓𝑡 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑑) = 30 𝑚𝑚
Using this, we selected a bearing 6406 from the SKF catalogue as follows: 

 

●​  𝑆ℎ𝑎𝑓𝑡 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑠𝑝𝑒𝑒𝑑 (𝑛) = 960 𝑟𝑝𝑚

 

Start of calculations: 

1.   𝐶 = 43. 6 𝑘𝑁 𝑎𝑛𝑑 𝐶
𝑜

= 23. 6 𝑘𝑁

 
𝐹

𝑎

𝐶
𝑜

=  0. 0515

Using interpolation we find the values of  as follows 𝑒,  𝑥 𝑎𝑛𝑑 𝑦

 0.0515−0.04
0.07−0.04 = 𝑒−0.24

0.27−0.24  ,  𝑒 = 0. 2515 

  𝑥 = 0. 56 

 0.0515−0.04
0.07−0.04 = 𝑦−1.8

1.6−1.8  , 𝑦 =  1. 72

 𝑃 = 𝑉𝑋𝐹
𝑟

+ 𝑌𝐹
𝑎

= 2. 34 𝑘𝑁

2. By selecting   from the table, then : 𝐾
𝑠𝑓

= 1. 5 
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 𝑃' = 𝐾
𝑠𝑓

×𝑃 =  1. 5×122. 625 = 3. 51 𝑘𝑁

3. By choosing L= 20,000 hrs. for machines used 8 hours daily: 

 𝐶 = 𝑃' 60 ×𝐿×𝑛

106( )
1
3

= 5. 03 * 1000 60×20000×960

106( )
1
3

= 36. 79 𝑘𝑁

Therefore,   .  𝐶
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

< 𝐶
𝑡𝑎𝑏𝑙𝑒

4. Calculating the static loading: 

. 𝑃
𝑂

= 0. 6 𝐹
𝑟

+ 0. 5 𝐹
𝑎

= 0. 873551 𝑘𝑁

For normal and normal vibrations,  .Then: 𝑆
𝑂

= 1

 𝐶
𝑂

= 𝑆
𝑂

× 𝑃
𝑂

= 1 * 𝑃
0

= 0. 873551  𝑘𝑁 

Therefore,  . 𝐶
𝑂

< 𝐶
𝑂𝑡𝑎𝑏𝑙𝑒

5.  Checking for limiting speed:    𝑛 < 𝑛
𝑡𝑎𝑏𝑙𝑒

 

Now, after all these checks, we can consider the bearing designation 6406 as the right bearing 

selection for our rollers.   

And since the bigger gear is affected by less force we will use the same bearing. 
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Couplings calculations 
I.​ Power=5.5 kw, RPM=960 RPM, Number of bolts=4, Pitch diameter=30mm, Factor of 

safety=3 

 𝑇 = 𝑃𝑂𝑊𝐸𝑅
𝑊 = 5.5*1000

2π*960( )( )/60 = 54. 70951169

 τ
𝑦

= 0. 5 𝑆
𝑦

= 0. 5 * 380 = 190𝑀𝑃𝑎

 τ
𝑑

=
τ

𝑦

𝐹.𝑆 = 190
3 = 63. 3𝑀𝑃𝑎

                                            𝑑2 = 8𝑇
π𝐷𝑁τ

𝑑
= 8*54.70951169* 103( )

π*30*4*63.33 = 18. 3311352

 𝑑 = 4. 281487499𝑚𝑚

 𝑑
𝑜

= 4.281487499
0.85 = 5. 037044116𝑚𝑚

Outer diameter of hub:                         𝐷 = 2𝑑 = 2 30( ) = 60𝑚𝑚

Pitch circle diameter of the bolts:       𝐷
1

= 3𝑑 = 3 30( ) = 90𝑚𝑚

Outer diameter of flange:                   𝐷
2

= 4𝑑 = 4 30( ) = 120𝑚𝑚

Length of the hub:                             𝐿 = 1. 5𝑑 = 1. 5 30( ) = 45𝑚𝑚

Thickness of flange:                          𝑡
𝑓

= 0. 5𝑑 = 0. 5 30( ) = 15𝑚𝑚

Thickness of protective circumferential flange:  𝑡
𝑝

= 0. 25𝑑 = 0. 25 30( ) = 7. 5𝑚𝑚

Then M6, 4 Bolts 

II.​ Power=5.5 kw, RPM=480 RPM, Number of bolts=4, Pitch diameter=30mm, Factor of 

safety=3 

 𝑇 = 𝑃𝑂𝑊𝐸𝑅
𝑊 = 5.5*1000

2π*480( )( )/60 = 109. 4190234

 τ
𝑦

= 0. 5 𝑆
𝑦

= 0. 5 * 380 = 190𝑀𝑃𝑎

 τ
𝑑

=
τ

𝑦

𝐹.𝑆 = 190
3 = 63. 3𝑀𝑃𝑎

 𝑑2 = 8𝑇
π𝐷𝑁τ

𝑑
= 8*109.4190234* 103( )

π*30*4*63.33 = 36. 6622704

 𝑑 = 6. 05493768𝑚𝑚
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 𝑑
𝑜

= 6.05493768
0.85 = 7. 123456𝑚𝑚

Outer diameter of hub:                         𝐷 = 2𝑑 = 2 30( ) = 60𝑚𝑚

Pitch circle diameter of the bolts:       𝐷
1

= 3𝑑 = 3 30( ) = 90𝑚𝑚

Outer diameter of flange:                   𝐷
2

= 4𝑑 = 4 30( ) = 120𝑚𝑚

Length of the hub:                             𝐿 = 1. 5𝑑 = 1. 5 30( ) = 45𝑚𝑚

Thickness of flange:                          𝑡
𝑓

= 0. 5𝑑 = 0. 5 30( ) = 15𝑚𝑚

Thickness of protective circumferential flange:  𝑡
𝑝

= 0. 25𝑑 = 0. 25 30( ) = 7. 5𝑚𝑚

Then M8 , 4 BOLTS 
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Choosing the proper chain for rollers 
1.​ Calculating the power rating: 

 𝑃𝑜𝑤𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔 = 𝑘𝑊 𝑡𝑜 𝑏𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑( ) * 𝐾𝑠
𝐾1*𝐾2

 = 5. 5 * 1
1.26*1 = 4. 365 𝑘𝑊

Taking Ks=1 (smooth light conveyor)  

In addition, K2=1.26 (the number of teeth of the smaller Sprocket (pinion) to be 21). 

And K1 = 1 (only one strand) 

2.​ Selection of chain: 

Using 12B chain we will interpolate with pinion speed n=240 rpm: 

 𝑃𝑜𝑤𝑒𝑟 𝑘𝑊( ) = 200−240
200−300 = 3.75−𝑥

3.75−5.43

 𝑃𝑜𝑤𝑒𝑟 = 4. 42 𝑘𝑊

Which is greater than the Power rating (4.365 kW), then this chain is suitable. 

3.​ Pitch circle diameter of driving and driven pulleys: 

From the tables: 

Pitch  𝑝 = 19. 05 𝑚𝑚

 𝐷1 = 𝑝
sin𝑠𝑖𝑛 180

𝑧1( ) 
= 19.05

sin𝑠𝑖𝑛 180
21( ) 

= 127. 816𝑚𝑚

 
𝑁

𝑑𝑟𝑖𝑣𝑒𝑛( )

𝑁
𝑑𝑟𝑖𝑣𝑒𝑟( )

=
𝑛

𝑑𝑟𝑖𝑣𝑒𝑟( )

𝑛
𝑑𝑟𝑖𝑣𝑒𝑛( )

 𝑖 =
𝑛

𝑑𝑟𝑖𝑣𝑒𝑟( )

𝑛
𝑑𝑟𝑖𝑣𝑒𝑛( )

= 240
𝑛

𝑑𝑟𝑖𝑣𝑒𝑛( )
= 2

 𝑛
𝑑𝑟𝑖𝑣𝑒𝑛

= 120 𝑟𝑝𝑚

 𝑧2 𝑁𝑜 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑖𝑔𝑔𝑒𝑟 𝑆𝑝𝑟𝑜𝑐𝑘𝑒𝑡( ) = 30 * 240
120( ) = 60 𝑡𝑒𝑒𝑡ℎ

 𝐷2 = 19.05
sin𝑠𝑖𝑛 180

42( ) 
= 254. 9 𝑚𝑚

4.​ Number of chain links: 

 𝑎 = 40 * 𝑝 = 762 𝑚𝑚
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 𝐿𝑛 𝑁𝑜 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠( ) = 2 * 𝑎
𝑝( ) + 𝑧1+𝑧2

2 + 𝑧2−𝑧1
2*π( )2

* 𝑝
𝑎 = 111. 77 𝑜𝑟 112 𝑙𝑖𝑛𝑘𝑠

Last step we will substitute in the same equation to calculate the new center to center distance 

according to our approximation for Ln 

 𝑎 = 764 𝑚𝑚
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Bearings Selection 
For the bearings selection we need to calculate the actual loading capacity: 

 𝐶 = 𝑃' 60 ×𝐿×𝑛

106( )
1
3

The bearings are used with rollers having the following characteristics: 

●​  𝑅𝑎𝑑𝑖𝑎𝑙 𝑙𝑜𝑎𝑑 𝐹
𝑟( ) = 𝐵𝑜𝑥 𝑤𝑒𝑖𝑔ℎ𝑡

4 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠 + 𝑆ℎ𝑎𝑓𝑡 𝑤𝑒𝑖𝑔ℎ𝑡
2 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠 + 𝑅𝑜𝑙𝑙𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡

2 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠

 = 50
4 + 10

2 + 15.232
2( )×9. 81 = 246. 4 𝑁

●​  𝐴𝑥𝑖𝑎𝑙 𝑙𝑜𝑎𝑑 = 0
●​  𝑆ℎ𝑎𝑓𝑡 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑑) = 40 𝑚𝑚

Using this, we selected a bearing from the SKF catalogue as follows: 

 

●​  𝑆ℎ𝑎𝑓𝑡 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑠𝑝𝑒𝑒𝑑 (𝑛) = 120 𝑟𝑝𝑚

 

Start of calculations: 

1. Since we have no axial load, then: 

 𝑃 = 𝐹
𝑟

= 246. 4 𝑁

2. By selecting   from the table, then : 𝐾
𝑠𝑓

= 1. 5 

 𝑃' = 𝐾
𝑠𝑓

×𝑃 =  1. 5×246. 4 = 369. 6 𝑁

3. By choosing L= 20,000 hrs. for machines used 8 hours daily: 
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 𝐶 = 𝑃' 60 ×𝐿×𝑛

106( )
1
3

= 369. 6 60×20000×120

106( )
1
3

= 1937. 25 𝑁

Therefore,   .  𝐶
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

< 𝐶
𝑡𝑎𝑏𝑙𝑒

4. Calculating the static loading: 

 𝑃
𝑂

= 0. 6 𝐹
𝑟

+ 0. 5 𝐹
𝑎

= 0. 6×246. 4 + 0 = 147. 84 𝑁

but since  we take . 𝑃
0

< 𝐹
𝑟

𝑃
𝑂

= 𝐹
𝑟

= 246. 4 𝑁 

For normal and normal vibrations,  .Then: 𝑆
𝑂

= 1

 𝐶
𝑂

= 𝑆
𝑂

× 𝑃
𝑂

= 1×246. 4 = 246. 4 𝑁 

Therefore,  . 𝐶
𝑂

< 𝐶
𝑂𝑡𝑎𝑏𝑙𝑒

5.  Checking for limiting speed:    𝑛 < 𝑛
𝑡𝑎𝑏𝑙𝑒

 

Now, after all these checks, we can consider the bearing designation 61808 as the right bearing 

selection for our rollers.   
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