
Transmission Systems on A Test Platform
Dynamic Modeling and Analyses of  Mechanical 

 

  
Talal Elsir12 

1School of Mechanical and Electronic Engineering 
Wuhan University of Technology 

Wuhan, P.R China 
2College of Engineering 

Sinnar University 
Sinnar, Sudan 

talalahmed16@yahoo.com 

Jiawen Zheng * 
School of Mechanical and Electronic Engineering 

Wuhan University of Technology 
Wuhan, P.R China 

408712035@163.com 
 
 

Hong Lu 
School of Mechanical and Electronic Engineering 

Wuhan University of Technology 
Wuhan, P.R China 

landzh@.whut.edu.cn 

Gang Wang 
School of Mechanical and Electronic Engineering 

Wuhan University of Technology 
Wuhan, P.R China 

310845346@qq.com

Abstract—To investigate the backlash phenomenon 
vibration and noise of a gear transmission system, we 
compared the performance of two difference types of 
mechanical transmission performance system: worm gears 
reducer (DYNABOX) and planetary gear reducer (APEX). 
We analyzed two kinds of models and harmonic response 
and evaluated the performance of DYNABOX and APEX 
reducer based on 3D model and simulation technology. 
Through the nonlinear dynamic modeling of the 
transmission system, we established a comparison between 
DYNABOX and APEEX reducer. From the result of our test 
platform, we show that the start reduction of APEX reducer 
in the gears vibration at the mesh total deformation 
harmonic response is bigger than DYNABOX reducer at the 
first operation gear mesh, and then stability. Furthermore, 
the active vibration observed system yield in the planetary 
gear compared with a worm gear by means of total 
deformation, stress, strain, and acceleration; shows backlash. 
Our results revealed that APEX would be an attractive 
MTPS as compared to DYNABOX. 
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I. INTRODUCTION  
Test platforms are widely used as research tool and in 

the industrial engineering. The mechanical transmission 
performance systems (MTPSs) are being investigated for 
different characteristics e.g., vibration, noise and gear 
meshed (backlash). Better performing MTPSs are required 
at low cost and fair production along with suitable 
prolonged use.  

 
Figure 1.  Backlash between two gears 

In order to overcome the restrictions associated with 
the static test platform method, a dynamic detection test for 
detecting gear backlash is suggested. In this test platform, 
the use an AC motor actuator to rotate the gears during a 
test model causes the gear teeth to disengage, and reengage 
several times over some part of the gear teeth pairs during 
the performance. It is premised that an actuator variable 
motor speed is sensitive to gear tooth influence. Further, it 
may be used to determine the amount of backlash in the 
gear reducer system[1] and consequently, vibration, 
resonance, and noise[2] as well. 

Backlash is one a problem encountered non-linearities 
in transmission systems employing gears, and refers to 
play between two mating gears may be represented by one 
pair of teeth[3]-[4]， backlash is usually represented by 
the schematic shown in Figure 1. When used in the 
situation of MTPSs, backlash symbolizes two prominent 
features as shown in Figure 2. A mechanical hysteresis to 
the existence of a clearance[5]. However, to definition, the 
backlash defect into the model, it acts directly on the 
elastic meshing force. The tooth contact loss is modeled by 
the lack of continuity of the knowledge meshing force 
following the line of action. [6] 

 
Figure 2.  Clearance gear backlash non-linearity 

In this paper, we will achieve on the effect of the 
backlash on the multi degree of freedom, non-linear 
dynamic gear transmission system on a test platform, 
incorporating vibration and noise. The relation between 
gears central distance error, and backlash is given and the 

International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2014)

© 2014. The authors - Published by Atlantis Press 412



 

dynamic backlash is defined and a six degrees of freedom 
nonlinear dynamic gear transmission system is developed 
with dynamic backlash. The computer software’s named as 
SOLIDWORKS13 and ANSYS WORKBENCH15 were 
used to development mechanical transmission performance 
a test bench to investigate. A neutral mode and dynamic 
responses are compared on the condition with two kinds of 
gear reducers. 

II. MODELING AND DESIGN STRUCTURE ON A TEST 
PLATFORM 

A. Modeling 

On a test platform, the proposed model of backlash 
detection a system is modeled consisting of: 

(i) An AC electric servo system motor (YASKAW 
motor), 

(ii) An external motor load (LINGZ), 
(iii) A worm gear reducer (DYNABOX), 
(iv) A planetary gear reducer (APEX), 
(v) A Coupling to the gear reducer(PLUM), 
(vi) A Coupling to the external load(FLEXIBLE) 
(vii) A rigid body linkage. 

B. Design structure 

The SOILDWORKS13 software structure 3D 
modeling on a test platform is used to design the structural 
analysis. The model of (MTPS) on a test platform is easy 
to operate as well as easy to convert a layout. For the 
investigation of vibration and noise from the gear reducer 
and to get data at different torque speed is convenient. 
However, the vibration and noise of the gear comes from 
the backlash problem. Backlash considered is as a source 
of non-linearity arising from the contact interaction among 
the gear tooth. 

 
Figure 3.  Liner layout and Vertical Layout 

 
 

 

The servo-motor YASKAWA is used (Figure 3.) to 
excite the gear reducer that consists of the DYNABOX 
reducer (linear layout) and APEX reducer (vertical layout), 
and inverted load motor generate LINGZ. The PLUM and 
FLEXIBLE coupling is used both at the driver and inverse 
sides. A schematic linear layout and vertical layout of such 
a system are given in Figure 3. respectively. The 
performance test includes drive vibration and noise at a 
different torque speed. In this design, YASKAWA motor 
has speed of 3000 rpm; output shaft diameter is 11mm. 
The input shaft of the DYNABOX gear reducer is a hollow 
shaft with a key way. DYNABOX reducer presence on the 
tooth surface contacts results in a high accuracy. 
Additionally, on the other side of gear reducer there is a 
key for adjusting the distance (anti-backlash) between 
worm gear, and wheel. While, APEX design like a double 
gear anti-backlash, for accuracy, and not allow to clearance 
between tooth. Moreover, planetary (APEX) gear train 

used a helical tooth contact to excess the area, smooth 
operation, and low noise. 

III. STRUCTURAL DYNAMICS ANALYSIS SYSTEMS 
Generally, we are cooperation with equation of 

multiple-degrees-of-freedom systems[7]. 

 (1)  
In equation (1), [D] is the displacements vector for a 

problem of n degree of freedom donated by [Di],i=1,2,..,n., 
[F] is the external forces vector, [M] is the mass matrix, [C] 
is the damping matrix, and [K] is the stiffness matrix. 

Equation (1) represents the governing equation of a 
transient structural simulation. The right hand side of the 
equation is the external force [F] and the first item of the 
left hand side of the equation, is inertia force, is damping 
force, and  is the elastic force. 

A. Modal Analysis 

We analyzed a free vibration; there is no involvement 
of the external force [F]. So, equation (1), becomes 

  (2)  
The equation (2) is used for a problem having n 

degrees of freedom. Our model has six degrees of freedom; 
it has at most six solutions of the fundamental natural 
frequency (ω). In a model analysis, we are interested in the 
natural frequencies and the relative shapes of the vibration 
modes. However, the damping effect can be neglected in 
the equation (2), and get equation 3. 

   (3)  
We used equation (3) in the workbench solves in a 

modal analysis system to find out the natural frequency for 
the six mode of freedom of the gear reducer. 

 
Figure 4.  Worm gears reducer mesh (DYNABOX) and Planetary gear 

reducer mesh (APEX) 

For the investigation of fundamental natural frequency, 
the method of solid modeling is used in ANSYS in which 
the different component of the model has been established. 
Figure 4. shows worm gears reducer (DYNABOX) and 
planetary gear reducer (APEX) meshing model 
respectively. 

TABLE I.  THE NATURAL FREQUENCY OF THE PLANETARY GEAR 
AND WORM GEAR REDUCER. 

Natural frequency  [Hz] DYNABOX reducer APEX reducer 

mode 1 7450.8 7613.5 
mode 2 10394 7937.7 
mode 3 10418 8003 
mode 4 12066 8755.6 
mode 5 15563 9982.4 
mode 6 20716 10422 

With the use of method of solid modeling in ANSYS, 
we find out the six freedom natural frequencies of six 
resolving parts of worm gears reducer (DYNABOX) and 
planetary gear reducer (APEX) given in Table I. Figure 
5.and Figure 6.are the graphical representation of the six 
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freedom natural frequencies of six resolving parts of worm 
gears reducer (DYNABOX) and planetary gear reducer 
(APEX) respectively. We use the higher natural 
frequencies individually of each reducer further in 
harmonic response model. 

 
Figure 5.  Natural frequency of the DYNABOX 

 
Figure 6.  Natural frequency of the APEX 

B. Harmonic Response Analysis 

The maximum torque speed of the gear reducers is 2.7 
Nm. The range of operation speed of model is from zero to 
3000 rpm, maybe excited by the harmonic force. 
Vibrations of the structure components are unavoidable, 
and large amplitude of the vibration will happen. 

For harmonic response analysis, the external force on 
ith degree of freedom is in the following form equation (4), 
in which Ai is the amplitude of the force, i the face angle 
of the force, and is the angular frequency of the external 
force. 

   (4)  
Calculations are too much difficult due to the special 

form of the external forces; so finally, the steady state 
solution of equation (4) is in the form of equation (5). 

   (5)  
In harmonic response analysis, we can find out the 

magnitude Bi, and the face angle, and the response of each 
degree of freedom. 

 
Figure 7.  Frequency response total deformation DYNABOX 

 
Figure 8.  Frequency response total deformation of APEX 

 
Figure 9.  Frequency response stress of DYNABOX 

 
Figure 10.  Frequency response stress 

In the first simulation and implementation, workbench 
analysis is applied to compare two kinds of gear reducer 
on the test platform. The step size value is set for 
individual reducer, because that depends on the neutral 
mode analysis. Frequency-domain identification is used to 
obtain the best reducer. The simulation results in directions 
X in harmonic response analysis. 

First amplitude and frequency for the worm gear and 
planetary gear reducer observed are 0.17415 mm at 
7457Hz, and 2.5118e-003mm at 8754.5Hz (face angle 0) 
and the effect of harmonic response by total deformation 
of both gear reducers is shown the Figure 7.and Figure 
8.respectively. 

The vibration power attenuation is only achieved at 
frequency response stress. Similarly, the amplitude and 
frequency values are about 1.6101Mpa at 7457.8Hz and 
1.2333Mpa at 7920.7 Hz (face angle 0) for the worm gear 
and planetary gear reducer. The harmonic response stress 
for the DYNABOX and APEX gear reducer are shown in 
Figure 9.and Figure 10.respectively. 

 
Figure 11.  Frequency response strain of DYNABOX 

At the dancing frequency of 7884Hz, the model is 
exited such that the maximum displacement is 9.343e-5 
mm/mm (face angle 0) for DYNABOX gear and for the 
APEX gear reducer, the maximum displacement 2.333e-
5mm/mm (face angle 0) is observed at dancing frequency 
7800Hz. Figure 11.and Figure 12.shows the frequency 
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response strain of the DYNABOX gear and APEX gear 
reducer respectively. 

 
Figure 12.  Frequency response strain of APEX 

Finally, amplitude and frequency for the worm gear 
and planetary gear reducer observed are 3.8238e008mm/s2 
at 7457.8Hz(face angle 0)  and 3.1336e006mm/s2at at 
7920.7Hz (face angle 180) and the frequency response 
acceleration of the DYNABOX gear and APEX gear 
reducer respectively are shown in the Figure 13.and Figure 
14.. 

 
Figure 13.  Frequency response acceleration of DYNABOX 

 
Figure 14.  Frequency response acceleration of APEX 

IV. CONCLUSION 
Previously, the active gears reducer transverse 

vibration concept has been formulated on theoretical basis. 
In present work as a test platform, we improved the 
gearbox structure, design and simulation by applying the 
SOLIDWROKS13 and ANSYS WROKBENCH15. For a 
MTPS, the gearbox system is employed as a test platform 

to evaluate the feasibility of a model. In order to compare 
two kinds of gear reducer, a mode analysis and harmonic 
response was adopted to assess the backlash, vibration and 
noise. The test platform result shows that the start 
reduction in the gears vibration at the mesh total 
deformation harmonic response is bigger in the APEX than 
DYNABOX reducer at the first operation gear mesh, and 
then stability. Furthermore, the active vibration observed 
system yield in the planetary gear compared with a worm 
gear by means of total deformation, stress, strain, and 
acceleration; shows backlash. Hence, from the analysis of 
vibration and noise at the first and continue operating gear 
mesh frequencies, it is proved that the planetary gear 
(APEX) reducer is better. 

In future work, we will use the mechanical 
transmission performance system as a platform to assess 
the APEX gear and DYNABOX gear reducer on the basis 
of gear vibration and noise suppression, capabilities at 
higher operating speeds and loads. 

ACKNOWLEDGMENT 
This work was supported by The Natural Science 

Foundation of China (NO.51275372) and The Natural 
Science Foundation of Hubei Province (No.2014CFB184) 
and Wuhan High-Tech Development Project Foundation
（No.2014010101010010) and The Fundamental Research 
Funds for the Central Universities (NO.2014-zy-066). 

REFERENCES 
[1] Stein, J.L. and C.-H. Wang. Automatic detection of clearance in 

mechanical systems: Theory and simulation. in American Control 
Conference, Proceedings of the 1995. 1995. IEEE. 

[2] Guan, Y.H., T.C. Lim, and W. Steve Shepard, Experimental study 
on active vibration control of a gearbox system. Journal of Sound 
and Vibration, 2005. 282(3): pp. 713-733. 

[3] Dwivedula, R.V. and P.R. Pagilla, Effect of Compliance and 
Backlash on the Output Speed of a Mechanical Transmission 
System. Journal of Dynamic Systems, Measurement, and Control, 
2012. 134(3): pp. 031010. 

[4] Baek, J., Y. Kwak, and S. Kim,”Backlash estimation of a seeker 
gimbal with two-stage gear reducers,”The International Journal of 
Advanced Manufacturing Technology, 2003. 21(8): pp. 604-611. 

[5] Siyu, C., et al., “Nonlinear dynamic characteristics of geared rotor 
bearing systems with dynamic backlash and friction,”Mechanism 
and Machine Theory, 2011. 46(4): pp. 466-478. 

[6] Andersson, A. and L. Vedmar,”A dynamic model to determine 
vibrations in involute helical gears”,Journal of Sound and 
Vibration, 2003. 260(2): pp. 195-212. 

[7] Lee, H.-H., Finite Element Simulations with ANSYS Workbench 
14. 2012: SDC publications. 

[8] Zeeshan Haider,Fahad Habib,Muhammad Haroon Mukhtar and 
Dr.Khalid Munawar,”Design, Control and Implementation of 2-
DOF Motion Tracking Platform using Drive-Anti Drive 
Mechanism for Compensation of Backlash,”Robotic and Sensors 
Environments, 2007. ROSE 2007. International Workshop 
on,Oct.2007,pp.1-6. 

[9] Xuefeng Han，Ming Ge，Yang Bai，Hongguang Jial and Wenqi 
Gel,”The Effect of Backlash Nonlinear on Resonance Frequency of 
Electric Actuator Transmission System,”Advanced Computer 
Control (ICACC), 2011 3rd International Conference 
on,Jan.2011,pp.586-590. 

[10] Ebrahim Mohammadiasl,”Vibration detection and backlash 
suppression in machine tools,”Intelligent Robots and Systems, 
2009. IROS 2009. IEEE/RSJ International Conference 
on,Oct.2009,pp.972-977

415




