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Abstract:  
This paper deals with the analysis of impact of various factors on power loss 
and efficiency of worm gearing. Factors that significantly affect the power 
losses are, principally, types of materials of meshed gears and geometry of 
worm pair, type and viscosity of lubricating oils, input rotational speed, 
worm shape, loading, temperature, etc. Results of experimental tests of 
worm gearing efficiency are also presented in the paper. Tests were 
conducted according to planned experiment schedule on specialized device 
AT200, where single-stage worm gearboxes with transmission ratio i=18 has 
been used. During the test stage, oils of different viscosities (ISOVG 220, 
ISOVG 460 and ISOVG 680) have been used and their impact on efficiency 
was monitored. The values of efficiency level are determined at different 
input rotational speeds (circumferential velocity) and output torques 
(loads). 
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1. INTRODUCTION 
 

Worm gearing as hyperboloid worm pairs 
whose axes intersect (most recent at the angle of 
900) are characterized by the line contact of the 
worm and worm gear which is followed by high 
sliding friction between coupled elements. 
Relatively high level of sliding causes forming of a 
large amount of heat and power loss which is 
accompanied with low level of efficiency of worm 
gearing. Apart from that in the phase of coupling 
between the line contact of the worm and worm 
gear, appropriate normal force is being 
transmitted and that force leads to significant 
surface pressures which can cause destruction of 
the side lines of the teeth during the work because 
of the pitting. These kind of coupling conditions 
demand special measures for the finishing quality, 
selection of the material for the worm pair and 
particularly for providing of oil film between 
coupled lines of teeth [1]. 

Apart from sliding friction in the coupled worm 
and worm gear, friction occurs in the bearings, 
between gears and oil, in the seals etc. [2]. The 
consequences of the friction at the worm gearing 
are power losses, lower level of efficiency, scuffing 
and damaging of gearing elements, gearing heating, 
vibration and noise, shorter period of exploitation 
etc. 

The power losses in worm gearing which are 
represented over the efficiency, depend on various 
influential factors. The factors which have 
significant influence on power losses and efficiency 
are: types of materials of meshed gears and the 
geometry of the worm pair, circumferential 
velocity (input rotational speed), type and the 
viscosity of lubricating oils, loading, worm shape, 
temperature etc. [3-5]. 

Types of materials of meshed gears has great 
influence on the power losses in the worm gearing. 
The best tribological characteristics are obtained 
by combining the worm materials made of 
hardened (case, improved) steel with ground teeth 
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and worm gear made of centrifugal casted tin 
bronze [5,6]. Worm gears made of aluminum alloys 
and brass also have good characteristics. 

The type and the viscosity of the lubricating oils 
have significant influence on the efficiency as well. 
The thickness of oil film has important influence on 
the occurrence of surface fatigue, the lasting of the 
contact surfaces and worm pair efficiency. Optimal 
lubricant is the one that provides less gear scuffing 
and low working temperatures as well as longer 
period of worm gearing exploitation [7-9]. 

Geometrical characteristics and the worm pair 
type also have important influence on the worm 
gearing efficiency. Namely, reducing the power 
loss in the worm gearing can be significantly 
influenced by correlating the ration of mean 
diameter and axial distance, higher lead angles and 
lower transmission ratios [10,11]. 

When it comes to the selection of the worm 
pair type, most often are used cylindrical worm 
pairs which are simple to make and biuld in. Worm 
pairs type ZA, ZN, ZK and ZI have approximately 
the same load capacity and power losses and they 
are similar concerning the oil film between meshed 
teeth flanks. Worm pairs type ZC are better 
concerning the lubricating conditions and the 
shape of the worm pairs, therefore have bigger 
load capacity and lower power losses [5]. On the 
other hand, multi-stage worms with the favorable 
selection of the kinematic ratio, lubrication and 
constructional concept, can achieve relatively high 
efficiency. 

 
2. POWER LOSSES AND EFFICIENCY  

 
Worm gearing while operating dissipates 

energy so that at the output shaft it receives 
power which is less than the input power for the 
loss size. Overall power losses at the worm gearing 
are consisted of sliding friction power loss in gear 
mesh PGZ, power losses in bearings PGL, power 
losses in the idle mode PGO and power losses in the 
seals PGD, i.e.:  

 GDGOGLGZG PPPPP  . (1) 

Overall power losses are divided basically into 
load-dependent power losses and power losses in 
the idle mode [12]. Sliding friction power loss in 
gear mesh and power losses in bearings are 
involved in both cases. Power losses in the seals as 
well as the other power losses in worm gearing are 
not load-dependent [13]. 

Worm gearing efficiency is a very important 
parameter of the gearing quality. Overall efficiency, 
in the case of energy generating worm shaft, is 
calculated by the following equation: 
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where are: P1 – power on the worm; P2 – power on 
the worm gear and PG – overall power losses. 

Calculation of power losses and efficiency of 
worm gearing can be done using the equations 
that are shown in the following literature [1,5,13-
16]. 

 
3. DEVICE FOR THE EFFICIENCY TESTING  
 

Experimental testings are carried on the AT 200 
device which is designed for determination of 
gearboxes efficiency (Fig.1a). Main parts of the 
device are electromotor (1), nominal power 0.2 kW, 
which leans over two bearings on the top part of 
the chassis (2) which allows it to rotate around its 
horizontal axe. The chassis of the electromotor is 
connected to the main frame of the device using 
the appropriate tightening levers so it can be 
moved along the metal guides. The input torque 
can be determined by multiplying the value of the 
balancing force that is read off on the 
dynamometer (3) and the length of the lever (4) 
which is set in the horizontal position (Fig.1b). 

 (a) 
 

(b)  

 
(c) 

Fig. 1. Device AT 200 (a), dynamometer with the lever 
(b) and the control unit (c) 

 
The braking torque on the output shaft of the 

worm reducer is changed by the magnetic brake 
(5). The brake is mounted to the two-part chassis 
which allows connecting the brake to the various 
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gearboxes. The braking torque is calculated by 
multiplying the braking force, which is read off on 
the dynamometer (6), and the distance between 
the center of the brake and the place on the little 
shaft (7) where the dynamometer is connected. 
Adjusting the motor rotational speed and the 
braking force is performed by the control unit 
(Fig.1c). The sensor detecting the number of 
revolution is located on the output shaft of the 
electromotor and its values are changed by the 
potentiometer on the control unit. The values of 
the braking force are also changed by the control 
unit when we change the current intensity (0 – 0.3 
A) whereby maximum braking torque of 10 Nm can 
be achieved.  

Single-stage worm reducer (8), which is 
specially constructed for that purpose, is used for 
the experimental testing. The reducer construction 
is such that allows simple installation and 
deinstallation of the worm pair, bearings and other 
parts. The basic data about tested worm pair are 
shown in the Table 1. 

Table 1. Basic characteristics of the tested worm pair 

Geometrical size Values 

Number of teeth z1/z2 1/18 

Central distance a [mm] 31 

Transmission ratio i 18 

Module m [mm] 2 

Worm material 42CrMo4 

Wheel material CuSn14 

 
The reducer is mounted on the special chassis 

which is set up on the device frame with the 
appropriate tightening levers. The connecting of 
the reducer to the electromotor shaft and the 
magnetic brake is achieved by the claw shaped 
couplings. 
 
4. EXPERIMENTAL TESTINGS RESULTS 
 

The values of the efficiency, during 
experimental testing, are determined in different 
operation conditions, i.e. with different input 
rotational speed and loads (output torque). 
Mineral oils with different viscosity are used for 
the testing and their influence on the worm 
reducer efficiency is monitored. 

Diagram of a dependency of the overall 
efficiency and output torque T2 obtained by means 
of experimental values for the input rotational 
speed n1 = 1500 min-1 and 220 mm2/s oil viscosity, 
is shown in Fig.2. 

Changing the current intensity on the magnetic 
brake caused the values of the output torque to 
move in the range of T2 = 1.8 – 5.2 Nm. The values 
of the input power P1 and output power P2 are 
determined at the same time. The values of overall 
efficiency are calculated by the equation (2) and 
they changed within the interval η = 0.48 – 0.57. 
The trend of the output torque change flow lines 
shows that with the increase of the load the 
overall worm reducer efficiency increases as well. 
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Fig. 2. Overall worm reducer efficiency obtained by 

means of experiment for the input rotational speed n1 = 
1500 min

-1
 and different output torque values T2 Nm 

Lubrication oil viscosity has significant influence 
on the worm reducer efficiency. Mineral oils with 
different viscosity made by Modriča refinery 
(ISOVG 220, ISOVG 460 and ISOVG 680) were used 
during the experimental testings and their 
influence on worm reducer efficiency was 
monitored. The intensity of the current on the 
brake changed in the interval 0.1 – 0.2 A, with a 
change step of 0.025 A (five levels of loads). 
Overall experiment lasted 8 hours per oil (the first 
level of loads lasting for 2 hours and 1.5 hours for 
each of the next levels). Figures 3 and 4 show 
measured values of efficiency for oils with 
different viscosity with input rotational speed n1 = 
2000 min-1 and n1 = 2500 min-1. 
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Fig. 3. Values of efficiency for oils with different 

viscosity with input rotational speed n1 = 2000 min
-1

 

Figures 3 and 4 show that higher values of 
efficiency were obtained using oils with higher 
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viscosity for all levels of load. The difference 
between the viscosity of the used oils was 
between 1% and 2%. Using higher viscosity oils 
lead to higher losses in idle mode but generally 
lead to lower power losses of worm gearing due to 
better forming of oil film between the contact 
surfaces of gear teeth, especially when the level of 
load is higher. 
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Fig. 4. Values of efficiency for oils with different 

viscosity with input rotational speed n1 = 2500 min
-1

 

On the other hand, higher values of efficiency 
were measured with higher input rotational speed 

. For example, for the oil with viscosity ISO VG 
460 and the rotational speed n1 = 2000 min-1.  the 
values of the efficiency changed in the interval η = 
0.50 – 0.58, whilst those values were a bit higher 
for the rotational speed n1 = 2500 min-1 and the 
same oil viscosity (η = 0.51 – 0.59) considering all 
the levels of load. With the increase of the 
circumferential velocity it is easier to form the oil 
film between the contact surfaces of gear teeth 
which creates conditions for total 
(hydrodynamical) lubrication, therefore the 
efficiency increases as well. 

 
5. CONCLUSION 

 
Worm gearing power losses, which are shown 

over the efficiency, may vary in wide limits and 
that depends on the various influential factors 
such as: types of materials of meshed gears and 
the geometry of the worm pair, circumferential 
velocity, type and the viscosity of lubricating oils, 

loading, worm shape, temperature etc. 
As the absolute efficiency cannot exist even in 

the theoretical considerations, it is possible to 
reduce power losses in the worm gearing by using 
different design solutions and varying of the 
influential factors, therefore the efficiency can be 
higher. 

This is shown by experimental testings where 
the influence of the circumferential velocity (input 

rotational speed n1), oil viscosity and loads on 
worm reducer efficiency were monitored, which 
leads us to these conclusions: 

 The values of the efficiency changed in the 
interval η = 0.48 – 0.57 for the input rotational 
speed n1 = 1500 min-1 and oil viscosity of 220 
mm2/s. Diagram of a dependency of the overall 
efficiency and output torque T2 (Fig.2) shows 
that higher values of efficiency were obtained 
with higher output torque i.e. loads. 

 With higher circumferential velocity it is easier 
to form oil film between the contact surfaces 
of gear teeth, therefore the measured values 
of the efficiency were higher. The values of the 
efficiency changed in the interval η = 0.50 – 
0.58 for the oil with the viscosity ISO VG 460 
and the rotational speed n1 = 2000 min-1, and 
with increasing of the circumferential velocity  
(n1 = 2500 min-1) those values were a bit higher 
and they changed in the interval η = 0.51 – 
0.59. The increasing of the efficiency with the 
change of the circumferential velocity was 
achieved also in the case when oils ISO VG 220 
and ISO VG 680 were used. 

 Using higher viscosity oils leads to higher 
efficiency. Diagram of a dependency of the 
efficiency and the oil viscosity shows that the 
difference between the viscosity of the used 
oils was between 1% and 2%. Using higher 
viscosity oils can provide a forming of the oil 
film (that is thick enough) between the contact 
surfaces of gear teeth, especially at the higher 
temperature and loads. 
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