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WORM GEARS

This chapter is about those gears which

transmit power between

•non-parallel and

•non-intersecting shafts

•with relatively high speed reduction ratio

worm

gear
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CHAPTER 7  BEVEL GEARS

DIFFERENT TYPES OF GEARS 

AND SHAFT CONFIGURATIONS

Parallel shafts

are used to 

transmit motion 

via spur and 

helical gears

Non-intersecting 

non-parallel shafts

are usually 

employed with 

crossed helical or 

worm gears 

Straight and spiral bevel

gears are used in non-

parallel and intersecting

shafts configuration with

90o shaft angle usually

Similar but not 

performing the 

same work
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Regarding the figure below, 
there seems to be a 
transformation from 
spiral bevel to worm 
gearing if the pinion 
position is changed from 
center of the gear to top 
of the gear step-by-step.

The two cases between 
spiral bevel and worm 
are the hypoid and 
spiroid gearing.

The teeth of the gear shift 
from side to top of the 
ring too.
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Worms could be:

• Single tooth (start)

• Double teeth (start)

• Triple start or 

• Quadropole (four) start

Similarly worm gearing could 
be 

• single enveloping and 

• double envoloping
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Geometry of worm gearing
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1) Shafts do not intersect and non-parallel shaft angle 

is 90o (usually).

2) Worm may have 1,2,3,4,5,6 teeth (single tooth, 

double teeth, triple, quadraple, etc.) (Tw).

3) Worm gearsets are:

- Either single envoloping (gear envelopes the worm -

line contact occurs)

- Or double enveloping (both gear envelopes worm 

and worm envelopes gear - area contact occurs 

between the teeth)

•Right angle, non-crossing shafts

•High level of speed reduction ratio (1:20 -

1:50)

•High friction and  wear due to sliding 

between worm and gear teeth

•Self locking may (and does) happen

•Driver is always the worm and driven is the 

gear

As in crossed 

helical gears both 

worm and the gear 

have the same 

hand of helix13.3.2019 7

A) Kinematics 



4) As in crossed helical gears both worm and the gear have the same hand

but quite different helix angles ψW is very large but ψG is small.

The lead angle λ of the worm is generally specified which is the

complement of ψw for 90o shaft angle
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5) For 90o shaft angle λW = ψG and  pxW = ptG

dW is “independent” of  TW

and may have any value 

between

for optimum horse power 

capacity of the gear set 
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6) The lead L of the worm for  TW number of teeth on the worm is:

Also from the triangle 
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Effective facewidth of gear (Feff, G) is taken 

as the minimum of the two

dW/2

FG/2

dW/2 + a
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B) Tooth forces
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• The relative motion 
between worm and worm-
gear teeth is pure sliding, 
and so we must expect that 
friction plays an important 
role in the performance of 
worm gearing. 

• By introducing a coefficient 
of friction μ we can develop 
another set of relations. 

• In Fig. 14-15 we see that 
the force W acting normal 
to the worm-tooth profile
produces a frictional force 

Wf = μ *W

having a component 

( μ W cos λ )

in the negative x direction 
and 

• another component

(μW sin λ )

in the positive z direction. 

• Equation therefore 
becomes13.3.2019 13
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of gear

For 90o shaft angle λW = ΨG and pxW=ptG
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• High gear tangential forces 
occur due to low speed of 
gear.

• Due to action reaction 
equality high axial forces 
occur on worm too.

• These high axial forces are 
usually carried by the strong 
tapered roller bearings of 
the worm shaft
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Due to sliding between worm and gear teeth a friction force  Wf occurs on the 

teeth as seen below in addition to the 3 components Wx ,Wy and Wz   of W.

Hence final force components on the worm teeth are:

(1)

(2)

Opposite but equal magnitude forces occur on the gear teeth:
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Since there is sliding velocity in worm-gear sets hence a loss due to 

friction between the teeth efficiency of worm gear sets is defined as:
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For a typical  μ value of 0.05 and standard  Øn values in Table 14.2 of gear.

ѱG
1o 5o 10o 15o 20o 25o 30o

η% 25 62 77 83 86 88 89

In  Amer. System.

Coefficient of friction  μ is dependent on sliding velocity  Vs and given in 

figure 14.17.
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Generally the teeth of the worm is stronger than the teeth of the gear in terms

of bending strength. Thus the bending fatigue failure of worm gear set is

based on the bending strength (stress) value of the gear tooth.

Buckingham adopts the Lewis equation of tooth stress as follows for the gear

tooth stress.
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Output horse power

from gear shaft
Power loss due to friction

between teeth of  Worm and Gear.

The AGMA equation for input-horse-power rating of worm gearing is:
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)31.14(8.0
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The permissible transmitted load WGt (transmitted load by the gear) in power 

equation is calculated by the equation
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Module, mn in SI
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Example 8.1 (14-19)

2T worm,case hardened
40T sand cast bronze gear

Find maximum safe horse power output

and efficiency of the set.

13.3.2019 27

?

?







outH

Force components on gear?

''

''

2

25.1

083.9

5.14

/10











W

W

o

o

n

F

d

inchesteethP





Worm teeth are ground and polished

rpmN

d

F

W

G

G

1720

4

8

5

''

''







?

?

?

?









r

a

t

G

G

G

W

W

W

W



1) 

13.3.2019 28

?
126000







G

WGGt
out

m

NdW
H

33000

fS

loss

WV
H




?



lossout

out

in

out

HH

H

H

H


vmseGGt KKKFdW  8.0

)7.14(352.0570

)083.9cos(
12

172025.1

cos
12

cos

TableKfpmV

Nd
V

V

vs

WW

W
s















)(
12

)(
12

fpm
Nd

V

fpm
Nd

V

GG
G

WW
W









4’’

smallerF

d

G

w





''

''

625.0

833.0
3

2

700  (Table 14.5)

0.820  (mG=40/2=20)

Table 14.6

lbW

W

Gt

Gt

383

352.0820.0700625.0)4( 8.0





hpHout 045.1
20126000

17204383









Thus 
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