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1 INTRODUCTION 

The objective of this report is to design a chain drive mechanism for a centrifugal compressor 

driven by an electric motor equipped with a reducer. The design process involves selecting 

appropriate chain types, sprockets, and lubrication methods to ensure safe and efficient power 

transmission under the specified operating conditions. 

Two distinct design alternatives are evaluated using the SKF Power Transmission Chain 

Catalogue, single and double strand chain design. 

1.1 Given Inputs 

𝑃𝑛 = 12 𝑘𝑊 

𝑛𝑑𝑟𝑖𝑣𝑒𝑟 = 62 𝑟𝑝𝑚 

𝑛𝑑𝑟𝑖𝑣𝑒𝑛 = 37 𝑟𝑝𝑚 ± %7 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑡𝑖𝑚𝑒 = 9
ℎ

𝑑𝑎𝑦
 

𝐶𝑒𝑛𝑡𝑒𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 1640 𝑚𝑚 

2 DESIGN 

2.1 Design Power 

First, the design power must be determined. Design power (𝑃𝑑) can be expressed as: 

𝑃𝑑 =  𝐹𝑎 ∗ 𝐹𝑡 ∗ 𝑃𝑛 ∗ 𝐹𝑣 

2.1.1 Service Factor (𝑭𝒂) 

According to the assignment, the chain to be designed is for a centrifugal compressor run by 

an electric motor. Referring to Table 1 in the SKF catalog, the service factor meeting these 

conditions is 𝐹𝑎 = 1.3  
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Figure 1: SKF Catalogue, Service Factor, Table 1 

2.1.2 Temperature Factor (𝑭𝒕) 

The assignment does not specify any temperature conditions for the compressor. Therefore, 

assuming normal operating conditions, the temperature factor is 𝐹𝑡 = 1 according to Table 3 in 

the SKF catalogue. 

 

Figure 2: SKF Catalogue, Temperature Factor, Table 3 

2.1.3 Driver Power (𝑷𝒏) 

Driver Power was previously provided as a given input. 𝑃𝑛 = 12 𝑘𝑊 
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2.1.4 Assumed Speed Factor (𝑭𝒗) 

In order to determine the Speed Factor, the speed must be known. Speed can be calculated as: 

𝑉 =
𝜋 ∗ 𝑑 ∗ 𝑛𝑑𝑟𝑖𝑣𝑒𝑟

60
 

Since the diameter value is unknown, the speed factor cannot be calculated; however, by using 

the maximum speed factor value, a more accurate sprocket selection can be made in the next 

step. 

 

Figure 3: SKF Catalogue, Speed Factor, Table 2 

Design Power can be calculated as follows: 

𝑃𝑑 =  𝐹𝑎 ∗ 𝐹𝑡 ∗ 𝑃𝑛 ∗ 𝐹𝑣 = 1.3 ∗ 1 ∗ 12 ∗ 1.6 = 24.96 𝑘𝑊 

2.2 Alternative 1: Single Strand Chain Design 

In this alternative, a single strand chain is selected to transmit the design power of 24.96 kW. 
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2.2.1 Driver and Driven Sprocket and Chain Type Selection 

 

Figure 4: SKF Catalogue, Power Rating Table, Table 9h 

The driver sprocket selection was optimized to balance efficiency and cost. Although standard 

practice suggests starting with 19 teeth, this configuration with a table 9h 28B-1 chain type 

yielded only 19.5 kW, falling short of the required 25 kW design power. Rather than resorting 

to a larger, heavier chain pitch, the number of teeth was increased to 25 This adjustment raised 

the capacity to 25.9 kW, safely meeting design requirements and reducing the polygon effect; 

therefore, driver sprocket = 25 teeth was chosen as the optimal size. 

Target Transmission Ratio (𝑖): 

𝑛𝑑𝑟𝑖𝑣𝑒𝑟

𝑛𝑑𝑟𝑖𝑣𝑒𝑛
=

62

37
= 1.676 

𝑍2 = 𝑍1 ∗ 𝑖 = 25 ∗ 1.676 = 41.9 𝑚𝑚  

The theoretical number of teeth for the driven sprocket was calculated as 41.9 (approx. 42) 

based on the target speed ratio. However, a review of the SKF Standard Sprocket Catalogue 

revealed that a 42-tooth sprocket is not available as a standard off-the-shelf component. 

Therefore, the nearest available standard sprockets, 38 and 45 teeth, were evaluated: 

𝑛𝑑𝑟𝑖𝑣𝑒𝑛,𝑚𝑖𝑛 = 34.41, 𝑛𝑑𝑟𝑖𝑣𝑒𝑛,𝑚𝑎𝑥 = 39.59  

For 38 Teeth: 
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 𝑖 =
38

25
= 1.52 

𝑛𝑑𝑟𝑖𝑣𝑒𝑛 =
62

1.52
= 40.78 

For 45 Teeth: 

𝑖 =
45

25
= 1.8 

𝑛𝑑𝑟𝑖𝑣𝑒𝑛 =
62

1.8
= 34.44 

 

38 Teeth: Resulted in an output speed of 40.8 rpm, which corresponds to a 10.2% error. This 

exceeds the allowable tolerance of ±%7 

45 Teeth: Resulted in an output speed of 34.41 rpm. Since the minimum driven speed is 34.44 

rpm, it falls within the permissible range and is acceptable. 

2.2.2 Sprockets Diameter (d,D) 

d = driver sprocket diameter 

D = driven sprocket diameter 

The pitch diameters of the sprockets are calculated using the standard relationship between 

chain pitch (p) and number of teeth (𝑍1 𝑎𝑛𝑑 𝑍2): 

𝑑 =
𝑃𝑖𝑡𝑐ℎ (𝑝)

sin (
180
𝑍1

)
=

44.45

sin (7.2°)
= 354 𝑚𝑚 

It is already given in the table. 

𝐷 =
𝑃𝑖𝑡𝑐ℎ (𝑝)

sin (
180
𝑍2

)
=

44.45

sin (4°)
= 637.2 𝑚𝑚 

2.2.3 Speed of Chain (V) 

Speed of chain can be calculated as: 
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𝑉 =
𝜋 ∗ 𝑑 ∗ 𝑛𝑑𝑟𝑖𝑣𝑒𝑟

60
=

𝜋 ∗ 354 𝑚𝑚 ∗ 62

60
= 1.14

𝑚

𝑠
  𝑜𝑟  𝑉 =

𝜋 ∗ 637.2 𝑚𝑚 ∗ 34.44

60

=  1.14 𝑚/𝑠 

2.2.4 Real Speed Factor 

The assumed value of 1.6 for calculating Design Power is appropriate. This is because the chain 

speed was calculated as 1.14 m/s, and within this range, the speed factor is 1.6 according to the 

table 2. 

𝑃𝑑 =  𝐹𝑎 ∗ 𝐹𝑡 ∗ 𝑃𝑛 ∗ 𝐹𝑣 = 1.3 ∗ 1 ∗ 12 ∗ 1.6 = 24.96 𝑘𝑊 

2.2.5 Chain Length 

At this stage, the chain length is calculated. It is determined using the chain length formula: 

𝐿 =  
𝑍1 + 𝑍2

2
+

𝐾

𝐶
+ 2𝐶 

First, the center distance is converted into "number of pitches" to be compatible with the link 

count formula. 

𝐶 =
𝐶𝑒𝑛𝑡𝑒𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑝𝑖𝑡𝑐ℎ
=

1640

44.45
= 36.9 

 

Figure 5: SKF Catalogue, K Factors, Table 8 

K factor is 10.13 from table 8 



7 
 

𝐿 =  
𝑍1 + 𝑍2

2
+

𝐾

𝐶
+ 2𝐶 =

45 + 25

2
+

10.13

36.9
+ 2 ∗ (36.9) = 109.07 

The calculated value is 109.07. Since a chain cannot have a fractional number of links and 

must be an even integer, the value is rounded up to 110 links to ensure sufficient length for 

connection and assembly. 

So, total chain length can be obtained: 

𝐿𝑒𝑛𝑔𝑡ℎ (𝑚𝑒𝑡𝑒𝑟) = 110 ∗ 44.45 𝑚𝑚 = 4889.5 𝑚𝑚 = 4.89 𝑚 

One box contains 5 meters of chain; therefore, purchasing one box is sufficient. 

2.2.6 Lubrication 

According to general machine lubrication standards, manual lubrication (Type 1) is selected if 

the speed is less than 4 m/s. However, in the 28B-1 Power Rating table, Type 2 lubrication is 

recommended for the 50-75 rpm range; therefore, the Type 2 method is selected. 

2.3 Alternative 2: Double Strand Chain Design 

2.3.1 Multiple Strand Factor 

Since a double strand will be used, the power rating value obtained from the table must be 

multiplied by the multiple strand factor. The new power rating is expressed by the following 

formula: 

𝑃𝑅,𝑛𝑒𝑤 = 𝑃𝑅,𝑜𝑙𝑑 ∗ 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑠𝑡𝑟𝑎𝑛𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 

 

Figure 6: SKF Catalogue, Multiple Strand Factor, Table 6 
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According the table 6 multiple strand factor for double strand = 1.7 

2.3.2 Driver and Driven Sprocket and Chain Type Selection 

 

Figure 7: SKF Catalogue, Power Rating Table, Table 9g 

In the 24B-1 table, 25 teeth and 62 rpm correspond to a value of 17.2 kW, which is lower than 

the assumed design power of 25 kW. However, when the power rating is multiplied by the 

multiple strand factor of 1.7, the result is 29.2 kW, which is greater than the assumed value. 

𝑃𝑅,𝑛𝑒𝑤 = 𝑃𝑅,𝑜𝑙𝑑 ∗ 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒 𝑠𝑡𝑟𝑎𝑛𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 = 17.2 ∗ 1.7 = 29.2 𝑘𝑊 

The target transmission ratio was previously calculated, and 25 and 45 teeth are used. 

2.3.3 Sprockets Diameter (d,D) 

d = driver sprocket diameter 

D = driven sprocket diameter 

The pitch diameters of the sprockets are calculated using the standard relationship between 

chain pitch (p) and number of teeth (𝑍1 𝑎𝑛𝑑 𝑍2): 

𝑑 =
𝑃𝑖𝑡𝑐ℎ (𝑝)

sin (
180
𝑍1

)
=

38.1

sin (7.2°)
= 304 𝑚𝑚 

It is already given in the table. 

𝐷 =
𝑃𝑖𝑡𝑐ℎ (𝑝)

sin (
180
𝑍2

)
=

38.1

sin (4°)
= 546.2 𝑚𝑚 
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2.3.4 Speed of Chain (V) 

Speed of chain can be calculated as: 

𝑉 =
𝜋 ∗ 𝑑 ∗ 𝑛𝑑𝑟𝑖𝑣𝑒𝑟

60
=

𝜋 ∗ 304 𝑚𝑚 ∗ 62

60
= 0.98

𝑚

𝑠
 𝑜𝑟 𝑉 =

𝜋 ∗ 546.2 𝑚𝑚 ∗ 34.44

60

=  0.98
𝑚

𝑠
  

2.3.5 Real Speed Factor 

The assumed value of 1.6 for calculating Design Power is appropriate. This is because the chain 

speed was calculated as 0.98 m/s, and within this range, the speed factor is 1.6 according to the 

table 2. 

𝑃𝑑 =  𝐹𝑎 ∗ 𝐹𝑡 ∗ 𝑃𝑛 ∗ 𝐹𝑣 = 1.3 ∗ 1 ∗ 12 ∗ 1.6 = 24.96 𝑘𝑊 

2.3.6 Chain Length 

At this stage, the chain length is calculated. It is determined using the chain length formula: 

𝐿 =  
𝑍1 + 𝑍2

2
+

𝐾

𝐶
+ 2𝐶 

First, the center distance is converted into "number of pitches" to be compatible with the link 

count formula. 

𝐶 =
𝐶𝑒𝑛𝑡𝑒𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑝𝑖𝑡𝑐ℎ
=

1640

38.1
= 43.04 

K factor is 10.13 from table 8 

𝐿 =  
𝑍1 + 𝑍2

2
+

𝐾

𝐶
+ 2𝐶 =

45 + 25

2
+

10.13

43.04
+ 2 ∗ (43.04) = 121.32  

The calculated value is 121.32 Since a chain cannot have a fractional number of links and 

must be an even integer, the value is rounded up to 122 links to ensure sufficient length for 

connection and assembly. 

So, total chain length can be obtained: 

𝐿𝑒𝑛𝑔𝑡ℎ (𝑚𝑒𝑡𝑒𝑟) = 122 ∗ 38.1 𝑚𝑚 = 4648.2 𝑚𝑚 = 4.65 𝑚 

One box contains 5 meters of chain; therefore, purchasing one box is sufficient. 
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2.3.7 Lubrication 

According to machine standards, manual lubrication is suitable since the speed is very low; 

however, according to the 24B-1 table, Type 2 lubrication is considered appropriate for a 25-

tooth sprocket operating at 62 rpm. 

3 CONCLUSION 

This report presents the complete design process of a chain drive mechanism intended to 

transmit power from a 12 kW electric motor to a centrifugal compressor. The design was 

conducted in accordance with SKF Power Transmission standards, ensuring operational safety, 

efficiency, and durability under the specified constraints (1640 mm center distance, 62 rpm 

input speed). 

Two distinct design alternatives were evaluated to meet the total design power requirement of 

24.96 kW, which includes a service factor of 1.3 and a speed factor of 1.6. 

Evaluation of Sprocket Selection and Speed Ratios; 

A critical limitation encountered during the design was the non-standard nature of the 

theoretically calculated driven sprocket (𝑍2). Since a 42-tooth sprocket is not available in 

standard SKF catalogues, an engineering decision was made to select the nearest standard size, 

which is 45 teeth. 

Although this selection resulted in an output speed of 34.44 rpm (slightly lower than the target 

37 rpm), it was mathematically verified that this value remains within the permissible tolerance 

range (±%7). This decision prioritizes the use of standard, off-the-shelf components, which 

significantly reduces procurement costs and lead times compared to custom manufacturing. 

Comparison of Alternatives; 

• Alternative 1 (Single Strand - 28B-1): This design utilizes a larger pitch (44.45 mm) 

chain. While it meets the power requirements with a single strand, the large pitch results 

in a higher "polygon effect," which may cause higher vibration and noise levels, 

especially given the heavy shock nature of compressor applications. The required chain 

length was calculated as 4.89 meters. 

• Alternative 2 (Double Strand - 24B-2): This design employs a double-strand chain with 

a smaller pitch (38.1 mm). By distributing the load across two strands, the system 
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achieves the required capacity with a more compact chain profile. The smaller pitch 

significantly reduces the impact velocity of rollers against sprocket teeth, leading to 

smoother operation and reduced wear. The required chain length is 4.65 meters. 

Lubrication and Maintenance; 

For both alternatives, the chain velocity (V) was calculated to be relatively low (𝑣 ≈ 1𝑚/𝑠). 

While standard guidelines suggest manual lubrication for such speeds, the SKF Power Rating 

tables specifically necessitate Type 2 (Drip Lubrication) due to the high torque and contact 

pressures associated with these heavy chains (24B and 28B series). Implementing a drip 

lubrication system is crucial to prevent premature wear and ensure the longevity of the drive. 

Final Recommendation; 

Upon comparing both designs, Alternative 2 (Double Strand 24B-2) is recommended as the 

optimal solution. Although it involves a double-strand configuration, the use of a smaller pitch 

(38.1 mm vs 44.45 mm) provides a distinct mechanical advantage by minimizing the polygon 

effect and ensuring smoother power transmission for the compressor. Furthermore, both designs 

fit within a single standard 5-meter box, making them cost-effective in terms of procurement. 

The selected configuration of 𝑍1 = 25  and 𝑍2 = 45 provides a robust, standard-compliant, and 

efficient drive system. 

 


