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Abstract 

 
The first studies on shocks and vibrations were carried out at the beginning of the 1930s to improve the behavior of 

buildings during earthquakes. Vibration tests on aircraft were developed from 1940 to verify the resistance of parts and 

equipments prior to their first use. Flutter is a well-known example of dynamic aero elasticity, where when oscillation 

of structure interacted with unsteady aerodynamic forces the flutter will occur. Vibration on any structure without 

damping means that self-harmonic oscillation will occur, and in most cases the oscillation may start to increase until 

structural failure. This behavior is very similar to resonance phenomena if only the oscillation is being studied as a 

vibration case. In vibration suppression, the active vibration control is one of the more effective technique which is used 

for attenuating bad effects of disturbances on structure. In this work, two different composite wings have been used; one 

of them is made of Glass-fiber random matt and the other is made of woven ({0/90} Glass-fiber). The proportional-

integral-derivative (PID) control is employed here for studying the suppression of active vibration wing affected by 

wind velocity flow through wind tunnel in the laboratory of mechanical engineering department at the university of 

Baghdad. Piezoelectric (PZT  ) transducers are used as sensors and actuators in vibration control systems. The attack 

angle was 10 degrees and three different velocities (15, 20, 35 m/s) have been taken to show their effect on the wings 

vibrations suppression. Is noticed that the suppression of the wing amplitude is reduced when the wind velocity 

increases for both woven and random composite wing matt. This is happened due to the vortex which has became more 

violent with the increase in wind velocity. It is concluded that the composite woven wing has high resistance more than 

the composite random wing. Also, the maximum control amplitude of woven matt is 1.9 cm and the damping is about 

33% at 25 m/s wind velocity while the amplitude is 2.22 cm and the damping is about 53% at 10 m/s wind velocity for 

random wing. 
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1. Introduction 

 

All the mechanical systems suffer external 

effects like structure moves through the air. This 

motion will cause aerodynamic loads which 

leads to deformations of the structure. The 

deformation in turn has an impact on the airflow, 

thus changing the aerodynamic loading. 

Apparently, there is a closed loop of 

aerodynamic and structural interactions and 

depending on the properties of the structure and 

the airflow, different methods of controlling 

have been used with many applications to give 

the reader enough knowledge about it. Different 

works in the literature were studied the active 

vibration control techniques [12]. Song Z, Li F. 

in [1] used derivative of velocity and 

proportional feedback on two different types of 

controllers in vibration were used with PZT as 

sensors and actuator. The ability of suppression 

of composite plate used for aero elastic analysis 

is studied. No experimental tests had been 

presented and the modal analysis of tested model 

was formulated by MATLAB codes. Results 
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show that proportional regulator has high 

effectiveness in vibration suppression with 31% 

and 25% for free and forced responses 

respectively. 

In [2], composite plate with PZT is used to 

perform controlling loop. The study is aimed for 

evaluating the performance of an active regulator 

for suppression of undesired vibrations. This 

suppression is carried out via controlling loop 

and PZT as sensors and actuators totally 

formulated in finite element (FE) environment. 

Numerical simulation had been done in ANSYS 

environment for composite smart plate equipped 

with PZT. Besides FE model, real model is 

fabricated and tested experimental for vibration 

suppression. About 59% of overall model 

vibration is suppressed with good agreement 

between both experimental and numerical 

responses. PZT in [3] is used to sense the strain 

of flexible aluminum cantilever beam and fed it 

back to regulator loop for actively attenuation of 

its free oscillation. Finite element simulation is 

performed besides experiments to check the 

acceptance of measurements. Using national 

instruments (NI), cRIO 9022 in Lab View is 

used in controlling loop. Results exhibit high 

level of agreement between both tests. High 

performance of regulator feedback to attenuate 

about 49% of free oscillation is noticed. The 

control law has demonstrated 53.91% and 62.5% 

reduction in vibration for the first and second 

mods respectively. 
M. Kerboua, et al in [4] proposed a method 

called "passive piezoelectric vibration shunt 

control". In the beginning, the numerical solver 

is utilized in order to estimate best design and 

position of PZT. Maximum attenuation that was 

satisfied in oscillation was leveled by percent of 

forty two from bending oscillation. The results 

shown that the efficiency of the control is 

sensitive to the PZT patch location and the 

accuracy of the shunt circuit is being tuned. 

Active flutter suppression is tested for a base 

profile model of delta wing [5]. The aimed is to 

provide a numerical approximate to improve the 

active flutter damping methodology for a fin. 

The fin was a cantilever aluminum plate like 

structure with surface enslaved PZT pieces. 

Surface enslaved PZT pieces which behave as 

actuators. As a result, the closed loop of the 

system appeared a transition from a stable 

condition to unstable condition about 88.6 m/s 

for Single Input Single Output model with 5.4 % 

improvement and 93.7 m/s to Multi Input Multi 

Output model with 11.4 % improvement. 

The work in [6] is focused on introducing 

general implementation on attenuation of 

oscillated body. Tested body is a beam fixed 

from one end and free from another equipped 

with PZT. First group of PZT were used to 

measure feedback signal, and another group 

were for applying controlling force. Such tested 

model is used in some aerospace applications in 

which system stability is an important issue. 

Linear quadratic controller is used as a 

controlling technique, where excitation of three 

millimeter is applied at free end of tested model. 

Linear quadratic regulator is utilized to run 

regulating process with high performance. 

Results show high degree of effectiveness in 

using linear quadratic regulator for attenuation 

of system oscillation where about 70% of free 

body oscillation is eliminated with control on 

mode. 

The study of wind velocity change and show 

their effect on forced suppression composite 

wing is a new contribution and also to be ensure 

of control system response. The results showed 

the ability of control system to damping the 

vibration. 

The structure of this paper starts with 

explains about wings which is used in this paper 

in section 2. Then show the measurement device 

used in the experimental work in section 3. 

Section 4 explains lab view program. Section 5 

explains experimental description. Section 6 

explains the results discussion, finally 

conclusion in section 7. 

 

2. Wings Model       
 

The aircraft wing has transformed from the 

wooden and fabric twin-wing set up of the 

Wright brothers’ Flyer, to the composite 

materials used in the latest models coming off 

the production line today from the likes of 

Boeing and Airbus. Aircraft designer have 

designed several wing types that have different 

aero dynamic properties. Two composite wings 

were fabricated by skinning foam model. The 

foam model was made by cutting the foam via 

hot wire by passing the hot wire around the 

aluminum airfoil's shape getting from CNC 

machine as shown in Fig 1. The two foam 

models were skinning by Glass-fiber matt one 

with random and the other with woven ({0/90} 

Glass-fiber). Two layer of Glass-fiber matt for 

each random and woven Every layer were coated 

by mixture of Resin, Thickener powder and 

Hardener.  The two wig dimensions were as 

shown in Fig 2. 
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Fig. 1. The hot wire device.                                                     Fig. 2. The dimension of the device. 

 

 

3. Measurements Device 

3.1 Piezoelectric Transducer 

In this study, an electrical transducer PPA-

1001 is used as sensor and actuator as well. MID ́ 
piezo (standard products, USA) utilize its piezo 

protection advantage (PPA) to protect the piezo 

ceramic wafers. The PPA- 1001 is a single layer 

product recommended for actuating, energy 

harvesting and sensing applications. It also 

exhibits good performance as a resonant actuator 

[7]. PPA-1001 is presented in Fig 3. 

 

 

 
 

Fig. 3. PPA-1001 transducer with its dimension in (mm).  

 

3.2 Compact DAQ-9178 Chassis (National 

Instruments) 

It is an 8-slot (National Instruments. USA) 

compact DAQ, USB chassis as shown in Fig 4 is 

designed for mixed-measurement, small, portable 

test systems. It combines sensor measurements 

with voltage, current, and digital signals to create 

custom mixed system with simple USB cable 

back to personal computer [8]. 

3.3. Analog Input (NI 9215) 
 

Module compatible with NI compact-DAQ 

chassis contains four simultaneous sampled 

analog input channels. Channel to earth ground 
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double isolation barrier with NIST-traceable 

calibration are included for system safety and 

noise filtering respectively. Also, high range of 

voltage is available common mode. Range of 

Analog input is ±10V, 100Ks/s per channel with 

16-bit sampling rate resolution [9]. NI 2915 is 

designed to work within temperature range of (-40 

~ 70). NI 9215 is one of national instrument 

products and is presented in Fig. 5. 

 

 
 

Fig. 4. NI compact DAQ -9178. 

 

 
 

Fig. 5. NI 9215- Analog input voltage. 

 

 

3.4 Signal Amplifier 
 

Two signal amplifiers are used for actuators. 

The devices used in this work are high voltage 

inverted operational amplifier (model 2205.USA) 

presented in Fig 6. Each amplifier has the ability 

to amplify voltage up to ±500 V, output current 

range and bandwidth are ±80 mA and 75 kHz with 

3 dB respectively with maximum output power of 

40 W. Safety of measurements against 

overloading the actuator was provided by such 

amplifier to protect both amplifier circuit & PZT 

from any damage caused by high input voltage or 

power [10].  

 

 
 

Fig. 6. Signal amplifier. 

 

 

4. LABVIEW Program 
 

The active control program developed in 

Labview and it used to apply active vibration [14]. 

Labview contains an inclusive set of tools for 

storing data, acquiring, and analyzing [15]. In Lab 

view program the signal input is received, 

processing and then sent as output signal at step 

time of 0.001 s to avoid shifting between the 

signals input and output [11]. The parameters 

(Gain K, Proportional Gain Kp, and Integral Gain 

Ki) of the PID control must be adjusted to have 

suitable response against the signal of the piezo 

sensor. By try and error method, the magnitude of 

three parameter has been tested and the best value 

of the parameter is used in LabView and that best 

values of the parameters were (Kd = 6, Kp=1, 

Ki=0.01). A block diagram of the controller that 

used in this work is presented in Fig. 7. 
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Fig. 7.  Block diagram of the controller used in this work. 

 
5. Experimental Description 
 

The experimental system used in this work 

shown clearly in Fig 8. The displacement 

responses of tested wing is sensed as voltage by 

piezoelectric, then forwarded this voltage to an 

analog input (NI 9215) which is used for noise 

filtering and acquiring data. However, by 

importing the relation between sensed voltage and 

displacement, voltage will be converted to its real 

value in labview through DAQ which is used to 

convert sensed signal from analog to digital 

signal. The output actuators' signals are 

simultaneously sent through DAQ to analog 

output card. Then the controlling actuators' signals 

are sent to high voltage amplifier to drive the 

piezoelectric actuators which will act by opposite 

action to wing vibration to damping the vibration 

of the wing. 

 

 
 

Fig. 8. The diagram of experimental active vibration control. 

 

 

6. Results and Discussion 
 

It has been noticed that the suppression of the 

wing amplitude is reduced when the wind velocity 

increases for both woven and random composite 

wing matt as it compares with free amplitude 

response. This happens due to the vortex which 

becomes more violent at the increase of wind 

velocity as shown in Fig. 9 and Fig. 10. 
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Fig. 9. Relation between wind velocity and 

Controlling Amplitude. 

 

 
 

Fig. 10. Relation between wind velocity and 

Controlling Amplitude. 

 

 

7. Conclusion 

 
The amplitude of control response increases 

when the wind velocity increases for both woven 

and random composite wing matt. The composite 

woven wing has high resistance more than 

composite random wing. The maximum control 

amplitude of woven matt is 1.9 cm and the 

damping was about 33% at 25 m/s wind velocity 

while it was 2.22cm and the damping was about 

53 % at 10 m/s wind velocity for random wing. 
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  الخلاصة

  
لتحسين سلوك المباني أثناء الزلازل. تم تطوير اختبارات الاهتزاز على  ١٩٣٠والاهتزازات في بداية أجريت الدراسات الأولى حول الصدمات 

للتحقق من مقاومة الأجزاء والمعدات قبل استخدامها لأول مرة. ضاهرة الرفرفة هو مثال معروف على المرونة الديناميكية الهوائية  ١٩٤٠الطائرات منذ عام 
ب الهيكل مع القوى الديناميكية الهوائية غير المستقرة ، سوف يحدث الرفرفة. عندما يؤثر الاهتزاز على أي هيكل دون التخميد فهذا ، حيث عندما يتفاعل تذبذ

كان  الرنين إذايعني أن التذبذب الذاتي التوافقي سيحدث ، وفي معظم الحالات قد يبدأ التذبذب في الزيادة حتى الفشل الهيكلي. يشبه هذا السلوك ظواهر 
السيطرة النشطة على الاهتزاز هي تقنية فعالة لتخميد الاهتزاز وكذلك تقليل التاثيرات الغير مرغوبة الناتجة من  .التذبذب فقط قد درس كحالة اهتزاز

حيث صنع الجناح الاول من  الاضطراب المؤثر على الهيكل الميكانيكي .هناك نوعين من الاجنحة المصنوعة من المواد المركبة تم أستخدامها في هذا البحث
 PIDظام سيطرة نوع مادة الفايبركلاس ذات الحصيرة العشوائية توزيع الالياف وصنع الجناح الثاني من مادة الفايبركلاس المتعامدة توزيع الالياف .أسنخدم ن

ي مختبر الهندسة الميكانيكية / جامعة بغداد. أستخدمت لدراسة تخميد الاهتزاز النشط والناتج عن سرعة الرياح حيث وضع الجناح داخل نفق هوائي موجود ف
م/ثا لمعرفة  ٣٥الى  ٢٥الى  ١٥درجة في حين تم تغير السرعة من  ١٠قطع كهروضغطيه في نظام السيطرة كمتحسس ومؤثر. زاوية الهجوم ثبت على 

تقل عند زيادة سرعة الرياح لكلا الجناحين وذلك بسبب كون الدوامات تأثير سرعة الرياح على تخميد الاهتزاز. كانت النتائج أن تخميد سعة اهتزاز الجناح 
ز أكبر من الجناح الهوائية المتكونة حول الجناح ستكون أعنف كلما زادت سرعة الهواء . كما لوحظ أن الجناح المصنوع من ألياف متعامدة لدية مقاومة أهتزا

م/ثا بينما  ٢٥بالنسبة للاهتزاز الحر للجناح عند السرعة  %٣٣سنتيمتر ومقدار التخميد  ١٫٩لياف الاخر وكان مقدار أكبر سعة مخمدة للجناح المتعامد الا
  م/ثا . ١٠بالنسبة للاهتزاز الحر للجناح عند السرعة  %٥٣سنتيمتر والتخميد  ٢٫٢٢كانت سعة الاهتزاز المخمد 

  

  

  

  

 


