
Lecture 5, Design of  Chain 
 

Design of Machine Systems II               By: Dr. Saad Mahmood Ali Page 1 
 

Roller Chain 

Basic features of chain drives include a constant ratio, since no slippage or 

creep is involved; long life; and the ability to drive a number of shafts from a single 

source of power. 

The pitch is the linear distance between the centers of the rollers. The width is 

the space between the inner link plates. These chains are manufactured in single, 

double, triple, and quadruple strands. The dimensions of standard sizes are listed in 

Table 17–19. 

 

Figure 17–17 shows a sprocket driving a chain and rotating in a counterclockwise 

direction. Denoting the chain pitch by p, the pitch angle by γ, and the pitch 

diameter of the sprocket by D, from the trigonometry of the figure we see 

 

Since γ = 360o/N, where N is the number of sprocket teeth, Eq. (a) can be 

written 
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The chain velocity V is defined as the number of feet coming off the sprocket per 

unit time. Thus the chain velocity in feet per minute is 

 

Where,  

N = number of sprocket teeth 

p = chain pitch, in 

n = sprocket speed, rev/min 

The maximum exit velocity of the chain is 
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where Eq. (a) has been substituted for the pitch diameter D. The minimum exit 

velocity occurs at a diameter d, smaller than D. Using the geometry of Fig. 17–17, 

we find 

 

Thus the minimum exit velocity is 

 

Now substituting γ/2 = 180◦/N and employing Eqs. (17–30), (b), and (d), we find 

the speed variation to be 

 

 This is called the chordal speed 

variation and is plotted in Fig. 17–18.  

When chain drives are used to synchronize  

precision components or processes, due 

consideration must be given to these 

variations. 

 Usual case it is advantageous to obtain 
 as small a sprocket as possible 

 Good practice to use a driving sprocket  

with at least 17 teeth; 19 or 21 will, of 

course, give a better life expectancy with 

less chain noise. 

 Driven sprockets are not made in standard 
sizes over 120 teeth 

 The most successful drives have velocity ratios up to 6:1 
 Roller chains seldom fail because they lack tensile strength; subjected to a 

great many hours of service; wear of the rollers on the pins or to fatigue of the 

surfaces of the rollers. 
The horsepower capacity corresponding to a life expectancy of 15 kh for 

various sprocket speeds. These capacities are tabulated in Table 17–20 for 17–

tooth sprockets. 
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Table 17–21 displays available tooth counts on sprockets of one supplier. 

Table 17–22 lists the tooth correction factors for other than 17 teeth. 

Table 17–23 shows the multiple strand factors K2. The capacities of chains are 

   based on the following: 

The capacities of chains are based on the following: 

• 15,000 h at full load 

• Single strand 

• ANSI proportions 

• Service factor of unity 

• 100 pitches in length 

• Recommended lubrication 

• Elongation maximum of 3 percent 

• Horizontal shafts 

• Two 17-tooth sprockets 

 

For single-strand chain, the nominal power H1, link-plate limited, as 

 

and the nominal power H2, roller-limited, as 
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where  

N1 = number of teeth in the smaller sprocket 

n1 = sprocket speed, rev/min 

p = pitch of the chain, in 

Kr = 29 for chain numbers 25, 35; 3.4 for chain 41; and 17 for chains 40–240 

The constant 0.004 becomes 0.0022 for no. 41 lightweight chain. 

The nominal horsepower in Table 17–20 is Hnom = min(H1, H2). For example, for 

N1 = 17, n1 = 1,000 rev/min, no. 40 chain with p = 0.5 in, from Eq. (17–32), 

 

From Eq. (17–33), 
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The tabulated value in Table 17–20 is Htab = min(5.48, 21.64) = 5.48 hp. 

It is preferable to have an odd number of teeth on the driving sprocket (17, 19, . . .) 

and an even number of pitches in the chain to avoid a special link. 

The approximate length of the chain L in pitches is 

 

 The center-to-center distance C is given by 

 

Where, 

 

The allowable power Ha is given by 

 

where  

K1 = correction factor for tooth number other than 17 (Table 17–22) 

K2 = strand correction (Table 17–23) 

The horsepower that must be transmitted Hd is given by 

 

Equation (17–32) is the basis of the pre-extreme power entries (vertical entries) of 

Table 17–20, and the chain power is limited by link-plate fatigue. Equation (17–33) 

is the basis for the post-extreme power entries of these tables, and the chain power 

performance is limited by impact fatigue. The entries are for chains of 100 pitch 
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length and 17-tooth sprocket. For a deviation from this 

 

where Lp is the chain length in pitches and h is the chain life in hours. Viewed from 

a deviation viewpoint, Eq. (17–39) can be written as a trade-off equation in the 

following form: 

 

If tooth-correction factor K1 is used, then omit the term . Note that 

 

In Eq. (17–40) one would expect the h/Lp term because doubling the hours can 

require doubling the chain length, other conditions constant, for the same number 

of cycles. Our experience with contact stresses leads us to expect a load (tension) 

liferelation of the form FaL = constant. In the more complex circumstance of roller 

bus hing  mpact, the Diamond Chain Company has identified a = 2.5. The  

maximum speed (rev/min) for a chain drive is limited by galling between the pin 

and the bushing. Tests suggest 

 

where F is the chain tension in pounds. 
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Lubrication of roller chains is essential in order to obtain a long and trouble-free 

life. Either a drip feed or a shallow bath in the lubricant is satisfactory. A medium 

or light mineral oil, without additives, should be used. Except for unusual 

conditions, heavy oils and greases are not recommended, because they are too 

viscous to enter the small clearances in the chain parts. 


