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Abstract - Shock and Vibration mounts isolate machinery and structures from the base. In this paper, a 65hp indigenous 

Wankel rotary engine used in an Unmanned Aerial Vehicle (UAV) is analysed. It was observed that the engine developed 

excessive vibrations at certain operating range. A parametric study on the effects of various parameters such as stiffness, 

damping, engine speeds and the residual unbalances on the mounts was proposed. A study was even done to find the 

optimum mount position wherein the vibration levels were low. For this, a mathematical model of the shock mounts along 

with the engine was formulated. The model was input to the Matlab simulations and the responses obtained from various 

trials were compared and the optimum parameters were selected which, in turn reduced the vibrations to an acceptable level. 
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I. INTRODUCTION 

 

The Wankel rotary engine incorporates a rotor in 

place of pistons.All the parts rotate consistently in 

one direction whereas in a reciprocating piston 

engine, the pistons are violently changing directions. 

Wankel Rotary Combustion Engine (WRCE) has 

gained considerable interest as a viable power plant 

for small aircraft and Unmanned Aerial Vehicles 

(UAVs) due to its inherent advantages on many 

counts.The air vehicles that belong to the light weight 

aviation sector particularly UAVs have seen a 

phenomenal improvement in their performance over 

the past decade. One of the rationales behind the 

performance enhancement is the vehicle’s propulsion 

system. The power plant requirements for the UAVs 

are very demanding and must satisfy the parameters 

of low specific weight, low frontal area and small 

size, low specific fuel consumption, low noise and 

vibration, high operating reliability, low maintenance. 

The process of preventing the vibrations from being 

transmitted to the body from the origin of vibration is 

known as vibration isolation. Vibration isolation can 

either be passive or active. Shock mounts are a type 

of passive vibration isolators. They are equipped in 

between the supporting structure and the engine to 

absorb the vibrations. There are several types, 

elastomeric, passive-hydraulic and active 

mounts.Elastomeric mounts were used in this 

particular study. A mathematical model of the engine 

assembly along with the mounts was formulated for 

analyzing the vibration reduction properties. Then the 

model was input to Matlab simulations and a 

parametric study was conducted comparing the effect 

of various parameters on the mounts.  The optimum 

parameters of the shock mount were selected, which 

in turn reduced the vibrations to an acceptable level. 

 

A. Problem definition 

The 65hp indigenous Wankel engine test runs showed 

that the engine developed excessive vibrations at 

certain operating speeds making it a matter of 

concern. 

 

B. Aim and Objective 

In this work, a mathematical model of the engine 

along with shock mounts is to be formulated. A 

parametric study on the effects of stiffness, damping, 

engine speeds and the residual unbalances on the 

shock mounts was done. A study was even done to 

find the optimum mount position wherein the 

vibration levels were low. 

 

II. MATHEMATICAL MODELLING 

 

The modelling was based on the assumption that the 

engine assembly along with the mounts were 

considered to be a single degree of freedom model. 

For this purpose, the equation of motion was 

formulated. The engine was connected to the frame of 

the UAV through the firewall. Mounts act as a 

median in between the engine and frame. There are 

four mounts, two on the upper firewall and two on the 

lower firewall. 

The formulated equation of motion for the one degree 

of freedom model: 

𝑀𝑒𝑋 
𝑒 + 𝐶𝑒𝑋 

𝑒 + 𝐾𝑒𝑋𝑒 = 𝐹𝑒𝑒
𝑗𝜔𝑡      (1) 

𝐹𝑒 = Input force vector which is caused as a result of 

engine unbalance. 

𝑀𝑒 , 𝐶𝑒 ,𝐾𝑒 = 6 × 6Mass, damping and stiffness 

matrices. 

In the vector 𝐹𝑒 =  𝑓𝑥𝑒  𝑓𝑦𝑒𝑓𝑧𝑒𝑚𝑥𝑒  𝑚𝑦𝑒 𝑚𝑧𝑒  
𝑇

. 

𝑓𝑥𝑒  𝑓𝑦𝑒 𝑓𝑧𝑒 = Forces in x, y and z directions. 

𝑚𝑥𝑒  𝑚𝑦𝑒𝑚𝑧𝑒 = Moments in x, y and z directions. 
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In the displacement vector  𝑋𝑒 =  𝑥   𝑦   𝑧   𝛼   𝛽   𝛾 𝑇 , 

𝑥   𝑦   𝑧 = Translational degrees of freedom. 

𝛼   𝛽   𝛾 = Rotational degrees of freedom. 

Another assumption is by taking the origin of the 

global coordinate system and the centre of gravity to 

be coinciding. The mass matrix is as follows: 

Me =     (2) 

𝑚𝑒         0            0            0                 0            0 

0       𝑚𝑒0            0                 0            0 

0          0           𝑚𝑒          0                0            0 

0            0            0𝐼𝑥𝑥𝑒 − 𝐼𝑥𝑦𝑒 − 𝐼𝑥𝑧𝑒  

0            0            0−𝐼𝑥𝑦𝑒 𝐼𝑦𝑦𝑒        −𝐼𝑦𝑧𝑒  

0            0            0−𝐼𝑥𝑧𝑒      − 𝐼𝑦𝑧𝑒 𝐼𝑧𝑧𝑒  

𝑚𝑒 =mass of the engine. 

 𝐼𝑥𝑥𝑒 ,𝐼𝑦𝑦𝑒 ,𝐼𝑧𝑧𝑒 = inertia of the engine corresponding to 

origin of global coordinate system in x, y and z 

directions respectively. 

All necessary values were obtained from Solidworks 

part drawing. The position of each mount from the 

center of gravity was measured and the angles made 

by the mounts with respect to the center of gravity in 

x, z and y directions 𝜃1, 𝜃2, 𝜃3 were calculated from 

the respective planes. 

 
Fig.1 Schematic representation of Powertrain assembly with 

mounts. 

 

The calculated values of angles and mount positions 

are used to formulate the damping and stiffness 

matrices for the engine assembly which are as 

follows: 

𝐶𝑒 =  
𝐶11 𝐶12

𝐶21 𝐶22
                                                             

(3) 

𝐾𝑒 =  
𝐾11 𝐾12

𝐾21 𝐾22
                                                            

(4) 

where, 

𝐶11 =  𝑐𝑖 (Sum of damping matrices in local 

coordinate   system) 

𝐶12 = − 𝑐𝑖𝑟 𝑖 , 𝐶21 = 𝐶12(Sum of product of 

damping and orientation of mounts in local 

coordinate system) 

𝐶22 = −  𝑟 𝑐𝑖𝑟 𝑖 , 
𝐾11 =  𝑘𝑖  (Sum of stiffness matrices in local 

coordinate   system) 

𝐾12 = − 𝑘𝑖𝑟 𝑖 , 𝐾21 = 𝐾12(Sum of product of 

stiffness and orientation of mounts in local coordinate 

system) 

𝐾22 = − 𝑟 𝑘𝑖𝑟 𝑖 , 
The matrix values of mass  𝑀𝑒 , damping 𝐶𝑒  and 

stiffness 𝐾𝑒  are input to the Matlab. 

III. PARAMETRIC STUDY 

 

The study involves comparing the various responses 

obtained from the Matlab simulations. The 

parameters which were taken into consideration were 

Stiffness, damping coefficient, residual unbalance of 

the engine, engine speed and mount orientation with 

respect to center of gravity. There were 3 case 

studies. 

 

A. Case study 1: 

This study was done by scaling the damping 

coefficient 𝐶𝑒  to various levels such as 0.7𝐶𝑒 , 0.8𝐶𝑒 , 

0.9𝐶𝑒  and 1𝐶𝑒  and obtaining the peak to peak 

magnitude of the responses in x, y and z directions 

for various residual unbalances of the engine 

like 12.5 × 10−5, 12.5 × 10−6, 50 × 10−5, 50 ×
10−6. 

 

B. Case study 2: 

The peak to peak magnitude of the responses in x, y 

and z directions for two residual unbalances,  50 ×
10−5 and 50 × 10−6 were compared by scaling the 

damping coefficient to 0.7𝐶𝑒  for an engine operating 

speeds of 5-1000 rpm. 

 

C. Case study 3: 

This study involves changing the mount location with 

respect to the centre of gravity CG. Two trials, one 

with mounts being closer to CG by 30mm and the 

other with mounts being away from CG by 30mm 

were performed and the peak to peak magnitude of 

the responses in x, y and z direction for an unbalance 

of  50 × 10−5 for a damping coefficient of 0.7𝐶𝑒  at 

various operating speeds of the engine were 

compared. 

 

IV. RESULTS 

 

A. Case study 1: 

 
Table.1 Peak to peak values of responses in x, y and z 

directions for various damping and residual unbalance 50e-5. 

 
Table.2 Peak to peak values of responses in x, y and z 

directions for various damping and residual unbalance 50e-6. 

 

 
Table.3 Peak to peak values of responses in x, y and z 

directions for various damping and residual unbalance 12.5e-5. 
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Table.4 Peak to peak values of responses in x, y and z 

directions for various damping and residual unbalance 12.5e-6. 

 

 
Fig.2Variation of amplitude in x-direction for various damping 

and residual unbalances. 

 

 
Fig.3Variation of amplitude in y-direction for various damping 

and residual unbalances. 

 

 
Fig.4Variation of amplitude in z-direction for various damping 

and residual unbalances. 

 

B. Case study 2: 

 
Table.5 Peak to peak values of responses in x, y and z 

directions for engine speeds from 5-1000rpm and residual 

unbalance 50e-5. 

 

 
Table.6 Peak to peak values of responses in x, y and z 

directions for engine speeds from 5-1000rpm and residual 

unbalance 50e-6. 

 

 
Fig.5Variation of amplitude with speeds in x-direction for 

0.7𝑪𝒆, damping and residual unbalances 50e-5 and 50e-6. 
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Fig.6Variation of amplitude with speeds in y-direction for 

0.7𝑪𝒆, damping and residual unbalances 50e-5 and 50e-6. 

 

 
Fig.7Variation of amplitude with speeds in z-direction for 

0.7𝑪𝒆, damping and residual unbalances 50e-5 and 50e-6. 

 

C. Case study 3: 

 
Fig.8Variation of amplitude with speeds in x-direction for 

0.7𝑪𝒆, damping and residual unbalances 50e-5 when CG is 

made closer. 

 

 
Fig.9Variation of amplitude with speeds in y-direction for 

0.7𝑪𝒆, damping and residual unbalances 50e-5 when CG is 

made closer. 

 
Fig.10Variation of amplitude with speeds in z-direction for 

0.7𝑪𝒆, damping and residual unbalances 50e-5 when CG is 

made closer. 

 

 
Table.7 Peak to peak values of responses in x, y and z 

directions    for engine speeds from 5-1000rpm and residual 

unbalance 50e-5 when CG is made closer. 

 

V. DISCUSSION 
 

Figures 1-4 show the results of case study 1.It was 

observed that the amplitude of vibrations were low 

for smaller unbalances and higher for larger 

unbalances and there was a significant decrease in the 

amplitude with increase in damping. Figures 5-7 

shows the result of case study 2. There is a resonance 

occurring at critical speed of 30 rpm and a peak is 

observed after which the vibration is gradually 

becoming stable. Similar results were observed in 

case study 3 also. Initially the upper two mounts were 

at a distance of 82.32mm and the lower mounts at 

57.45mm.From the results of case study 3, it was 

found that the optimum mount location was 52.32mm 

and 27.45mm for upper and lower mounts 

respectively. However, the vibrations were more 

when the mounts were moved farther from CG. 

 

VI. EXPERIMENTAL VALIDATION 

 

An impact test was done on the power train assembly 

with and without the alternator. Since it was a multi 
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degree of freedom model, the lowest frequency was 

chosen which was 6.875 Hz. There was a good 

correlation with the simulation result of 6.27 Hz 

when the stiffness was changed to K=80650 N/mm 

for validation purpose. 

 

VII. CONCLUSION 
 

This paper presents the analysis of shock mounts used 

in a 65hp Wankel rotary engine to reduce vibrations. 

This work is a parametric study on the effects of 

various parameters such as stiffness, damping, 

residual unbalances, engine speeds, and location with 

respect to centre of gravity CG of the power train, on 

the shock mounts.A mathematical model is 

formulated assuming the engine along with the 

mounts to have a single degree of freedom.The model 

was input to Matlab and the responses from the 

simulations were compared for  the optimum 

parameters which reduce vibrations.The experimetal 

results validate the simulation results by getting near 

closer  frequencies. 

 

REFERENCES 
 

[1] Insung Choi, KatsuhiroHirata, Noboru Niguchi, “Design And 
Analysis Of A Linear Oscillatory Actuator For Active 

Control Engine Mounts”,11th International Symposium on 

Linear Drives for Industry Applications (LDIA), November 
2017. 

[2] Yun-Ho Shin, Seok-Joon Moon, Jeong-Man Kim ,Han-Wook 

Cho, “Design Considerations Of Linear Electromagnetic 

Actuator For Hybrid-Type Active Mount Damper”,  IEEE 

Transactions on Magnetics, Volume 49, Issue 7, pp 4080-

4083, July 2013. 
[3] Vijay A. Gore, Sonal P. Sali,“Material optimization and 

experimental analysis of shock & vibration mount”, 2017 

International Conference on Nascent Technologies in 
Engineering (ICNTE), June 2017. 

[4] Qiang Zhang, XiaoxiongJin, Wei Peng , “A Non-linear Finite 

Element Analysis of Car Engine Mounting System Rubber 
Components”, 2009 Second International Symposium on 

Computational Intelligence and Design, December 2009. 

[5] Takuya Shiozumi, Aiguo Ming , Takashi Kida 
,ChisatoKanamori,Yusuke Kobayashi,Motoo Satoh 

,“Vibration Suppression of Ship-Mounted Antennas Using a 

Nonlinear Passive Vibration Isolator”,2007 IEEE 
International Conference on Integration Technology, August 

2007. 

[6] Anyu Chen, Xiliang Da, “Internal combustion engine 
vibration analysis with short-term Fourier-transform”, 3rd 

International Congress on Image and Signal Processing, 

November 2010. 
[7] S.Vulli, J.F.Dunne, R.Potenza, D.Richardson, P.King, “Time-

frequency analysis of single-point engine-block vibration 

measurements for multiple excitation-event identification”,  
Journal of Sound and Vibration, Volume 321, Issues 3-5, pp 

1129-1143, 10 April 2009. 
[8] CaiYanping, Zhang Heng,“Time-frequency analysis of I.C. 

engine vibration signals based on EWT-PWVD”, 

International Conference on Electronics Technology (ICET), 
July 2018. 

[9] JairoA.Grajales, Hector F.Quintero, Carlos A.Romero, 

Edison Henao, Juan F.Lopez, Daniella Torres , “Combustion 
Pressure Estimation Method Of A Spark Ignited Combustion 

Engine Based On Vibration Signal Processing”, Journal of 

Vibroengineering, Volume 18, Issue 7, November 2016. 
[10] Alkhatib, Fadi,“Techniques for Engine Mount Modeling and 

Optimization”, Theses and Dissertations, December 2013. 

 

 

 

 

 

 

 

 

 

 

 


