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ABSTRACT: The paper presents the results of the experimental researches performed on a double harmonic 

transmission, regarding the determination of the kinematic precision of positioning of the respective transmission. The 

experimental investigations aimed to study the influence of the variation of the torsion moment from the output shaft of 

the double harmonic transmission and of the reversing of the direction of rotation of the input shaft on the transmission 

ratio and of the kinematic precision of the positioning of the transmission. The experimental results have shown that the 

double harmonic transmission, with the short flexible toothed wheel, has a kinematic precision of positioning higher 

than that known from the simple radial harmonic transmissions. 
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1. INTRODUCTION 
 

In today's technique, the continuous 

improvement of the mechanical actuation 

systems has led to the need to study and 

research more closely the toothed harmonic 

transmissions, in order to implement them on 

a larger scale in the construction of industrial 

robots. 

In the category of toothed harmonic 

transmissions is also included the double 

harmonic transmission, which allows to 

obtain very high positioning kinematic 

precision, of the order Δφ = (1'... 5'), due to 

the existence of multiparous harmonic gears, 

of teeth modules small, m = (0.3 ... 0.5) mm, 

of reduced diameters of flexible toothed 

wheels, d ≤ (100 ... 120) mm, of transmission 

ratios and average torques, i = (40. ..150) and 

Mt4 = (0…100) Nm [2, 4, 5, 7, 8]. 

Figure 1 shows of the double harmonic 

transmission investigated, which is composed 

of the following main elements: the wave 

generator (1) is input element, the flexible 

toothed wheel (2) is intermediate element, the 

rigid toothed wheel (3) is fixed element and 

the rigid mobile toothed wheel (4) which is 

the output element. 

The kinematic precision of the positioning of 

the double harmonic transmission is evaluated 

by the kinematic error of positioning the 

output element of the transmission, as a result 

of the geometrical errors of execution of the 

component elements, of the errors of 

assembly of the transmission, of the 

deformations of the elements, of the dynamic 

regime and of the variations of temperature. 

 

 
Figure 1. The double harmonic transmission 

 

The kinematic error of positioning the double 

harmonic transmission is defined as the 

difference between the effective rotation 

angle, respectively the theoretical one, of the 

output element of the real transmission, 

respectively of the ideal one [1, 3]: 
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where: Δφ - kinematic error of positioning; 

φ4r, φ4t - rotation angle of the output element 

of the real double harmonic transmission, 

respectively the ideal one; φ1 - rotation angle 

of the input element of the double harmonic 

transmission; 
( )3

14i -the theoretical transmission 

ratio of the double harmonic transmission: 
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Determining the kinematic error of 

positioning the output element of the double 

harmonic transmission involves measuring 

the rotation angle of the input shaft (1) and 

the output angle (2) of the transmission 

respectively. 

 

2. THE EXPERIMENTAL STAND 

 

For the experimental determination of the 

kinematic precision of positioning of the 

double harmonic transmission, the 

experimental stand presented in figure 2 was 

used [1, 3].  

The asynchronous electric motor with 

frequency converter (1) offers the possibility 

of adjusting the speed to a certain value 

(digitally indicated on the PT 500 diagnostic 

system display (8)) and transmitting the 

rotational movement via the transmission 

with narrow trapezoidal belt (2) at the input 

shaft of the double harmonic transmission (3). 

The input shaft of the double harmonic 

transmission is coupled with an incremental 

position transducer (4) type ROD 1/457 by 

means of an elastic coupling (5) with a special 

construction, which does not allow the 

transmission of vibrations to the incremental 

transducer. 

On the output shaft of the double harmonic 

transmission is mounted a disc (6) divided 

from degree to degree. This shaft is coupled 

with a magnetic particle brake (7), which 

allows for the gradual loading of the 

transmission with a certain value of the torque 

(digital indicated on the display of the 

diagnostic system PT 500.05 (9)). The two 

optical systems (10) and (11) allow direct 

reading of the rotation angles of the double 

harmonic transmission shafts. 

The experimental tests were performed on the 

double harmonic transmission, with short 

flexible toothed wheel and the wave generator 

with 2 eccentric disks, characterized by the 

following constructive and functional 

parameters [3, 6]: the teeth modulus, m = 0.3 

mm; the number of the teeth, z2 = 200; z3 = 

202; z'2 = 192; z4 = 190; the maximum radial 

deformation of the flexible wheel, w0 = 0.3 

mm and the transmission ratio, 
( )3

14i  = 48,47.                             

 

 
Figure 2. The experimental stand 
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3. RESULTS OF THE 

EXPERIMENTAL RESEARCH 
 

The experimental determinations regarding 

the assessment of the kinematic precision of 

the positioning of the double harmonic 

transmission consisted in the studying: 

- the influence of the resistant torque from the 

output shaft of the transmission on the 

transmission ratio and on the kinematic error 

of its positioning; 

- the influence of the inversion of the rotation 

direction of the input shaft on the kinematic 

error of positioning the output shaft and on 

the transmission ratio, for the different 

torques. 

 

3.1. The influence of the torsion moment on 

the kinematic precision of positioning 

 

Through experimental researches we have 

studied the influence of the variation of the 

torsion moment from the input shaft of the 

transmission on the kinematic precision of 

positioning and the transmission  ratio of  the  

double harmonic transmission.  

In order to eliminate the influence of the 

clearances from the kinematic pairs of the 

transmission, all the experimental 

determinations were made by maintaining the 

direction of rotation at the input shaft. 

The experimental tests of the double 

harmonic transmission were carried out by 

constantly maintaining the value of the input 

shaft speed (n1 = 500 rpm.) and its rotation 

angle (1 = 9.000). 

The results obtained by measuring the 

rotation angles of the output shaft (φ4)  and the 

calculations made are shown in table 1. 

Figure 3 shows the variation diagram of the 

kinematic positioning error, and figure 4 

shows the variation diagram of the 

transmission ratio, depending on the resistant 

torque. 

From the analysis of the recorded 

experimental results, it can be observed that 

when the double harmonic transmission load 

is increased, the kinematic positioning error 

varies decreasing, from Δφ = 178" when Mt4 

= 0 Nm to Δφ = 40" when Mt4 = 100 Nm. 

 

Table 1. The kinematic error of positioning  
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Figure 3. The diagram of the kinematic positioning error 

 

 
Figure 4. The diagram of the transmission ratio 

 

3.2. The influence of the rotation direction 

reversal on the kinematic precision of 

positioning 

 

The use of double harmonic transmissions in 

the construction of industrial robots, has led 

to the high performance of positioning and 

orientation of the robots. These transmissions 

are capable of precisely executing rotational 

movements in both directions, by returning to 

their original position. 

In the researches carried out it was observed 

how the kinematic precision of the 

positioning of the output shaft of the double 

harmonic transmission is influenced by 

returning to the initial position of the input 

shaft, as a result of changing the direction of 

rotation, to different torsion moments of the 

output shaft. The experimental tests of the 

double harmonic transmission were carried 

out by constantly maintaining the value of the 

input shaft speed (n1 = 500 rpm.) and its 

rotation angle (1 = 9.000). 

The results obtained by measuring the 

rotation angles of the output shaft and the 

calculations made are shown in table 2. 

Figure 5 shows the dependence of the 

kinematic positioning error as a function of 

the torque on the output shaft, by returning to 

the initial position, and in figure 6 the 

variation of the transmission ratio in case of 

changing the rotation direction of the input 

shaft. From figure 5 it is observed that the 

kinematic accuracy of the position of the 

double harmonic transmission, when 

changing the direction of rotation by returning 

to the initial position of the input shaft, 

increases with the increase of the transmission 

load. A kinematic positioning error was 

obtained, 4 = 3'03" in the case of the 

unloaded transmission, respectively 4 = 

25'23" for a transmission load Mt4 = 10 Nm. 

From figure 6, it is observed that the 

transmission ratio of the double harmonic 

transmission is not kept identical for the two 

rotational senses of the input shaft. 
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Table 2. The kinematic error of positioning 

 
 

 
Figure 5. The diagram of the kinematic positioning error 
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Figure 6. The diagram of the transmission ratio 

 

Thus, it was found that in the case of rotating 

the transmission input shaft in the 

trigonometric sense, higher values are 

obtained for the transmission ratio, than in the 

case of rotating it clockwise. 
 

4. CONCLUSION 

The paper presents an original method of 

experimental determination of the kinematic 

precision of the positioning of the double 

harmonic transmission. This new type of 

harmonic transmission has many advantages 

over the classic gears and has wider prospects 

for implementation in the construction of high 

performance industrial robots. 

From the analysis of the experimental results 

obtained, it was found that by increasing the 

torque from the output shaft (keeping the 

same rotation direction and rotation speed), 

the component elements of the double 

harmonic transmission are subjected to 

increased elastic deformations, which lead to 

the insignificant modification of the 

transmission ratio and the decreasing 

kinematic precision of positioning of the 

transmission. 

Also, the kinematic precision of positioning 

the double harmonic transmission, when 

changing the direction of rotation, by 

returning to the initial position of the input 

shaft, increases with increasing transmission 

load. 

The application of the proposed method for 

the experimental determination of the 

kinematic precision of the double harmonic 

transmission was possible as a result of the 

existence of an experimental installation 

within our institution, equipped with the 

modern diagnostic equipments required for 

high accuracy testing. 
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