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 The rocket experiment (RX) ballistic rocket requires a reliable data 

communication system capable of withstanding intense vibrations and 

shocks during flight. This study investigates the application of wire rope 

isolators (WRI) to damper mechanical disturbances and protect the rocket's 

communication system. Installation of WRI position and direction in this 

experiment with compression position. A series of vibration tests were 

conducted using 4 WRI installed in the rocket’s 30 kg data communication 

compartment, vibration test results frequency between 4 Hz and 1500 Hz 

with acceleration of 8.37 g to 20.37 g, higher "g" readings on the test object 

sensor compared to vibration machine readings are usually caused by 

phenomena such as resonance, differences in dynamic response, non-linear 

behavior, sensor placement location, and swing effects when the vibration 

machine oscillates. This is a natural mechanical response to external 

vibrations during testing. While the results of flight tests rocket RX has an 

acceleration of 8 g to 9.3 g. The results showed that the WRI dampers are 

effective in protecting the data communication system and ensuring the 

uninterrupted transmission of flight data to the ground control station (GCS). 
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1. INTRODUCTION 

Ballistic rocket technology or rocket experiment (RX) developed by the National Research and 

Innovation Agency (BRIN), this rocket has a diameter of 450 mm. The data communication system of the 

RX ballistic rocket consists of a microcontroller, a 6-degree of freedom (DOF) inertial measurement unit 

(IMU) sensor, a radio transceiver, switching cables, and a power supply. For the safety and stability of the 

rocket during flight, the data communication system is crucial. It collects and analyzes data on temperature, 

speed, and altitude, which helps to enhance the dynamics and overall performance of the rocket [1].  

The 6-DOF sensor includes an accelerometer and a gyroscope. The micro electro mechanical system 

(MEMS) accelerometer measures acceleration by converting the acceleration of an object into an electrical 

signal. This electrical signal is then detected by the accelerometer. Due to its compact size and high accuracy 

compared to conventional types, this device is widely used in industries such as aviation, automotive, and 

https://creativecommons.org/licenses/by-sa/4.0/
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seismic surveying [2]–[6]. The MEMS type significantly broadens application scenarios because it offers 

substantial advantages in integration and intelligence compared to conventional accelerometers. In most 

cases, MEMS accelerometers are categorized into piezoresistive, capacitive, piezoelectric, and other 

categories [7]–[10]. One of the most widely used MEMS accelerometers operates as a piezoresistive 

semiconductor. 

The RX rocket flight tests have experienced several failures. One example of its failure is when the 

rocket's data communication system failed to transmit the required data to the ground control station (GCS). 

Many sources of dynamic loads occur during flight tests in the frequency range 5 and 200 Hz [11].  

In addition, shocks caused by various rocket behaviors during flight tests can lead to vibrations with a wide 

range of frequencies [12], [13]. Therefore, significant efforts are made to protect the data communication 

system from vibrations and shocks, especially during rocket launch. The RX ballistic rocket, which is large 

and long, is designed as an atmospheric research rocket. A rocket with a high aspect ratio requires a wide 

bandwidth frequency range and reliable control. Therefore, a well-functioning damper is necessary to ensure 

that the rocket's control operates correctly [14]. 

Rocket development has improved the thrust-to-weight ratio and length-to-diameter ratio, which are 

crucial for long-range flight. Due to the thrust forces present during the rocket's initial launch, significant 

vibrations and shocks occur. Desmond et al. found that directional stability can be enhanced by optimizing 

the size and location of concentrated masses [15]. In rocket design, one crucial element that must be 

considered is vibration [16], [17]. This is especially relevant for rockets with high acceleration and high 

initial thrust. Various methods are used to study and analyze vibrations and shocks to predict the impact on 

the structure and equipment. Many vibrations are unavoidable but remain within tolerable limits [18]. 

Negative effects such as fatigue, noise, and wear can be caused by mechanical shocks. For example, military, 

naval, aerospace, and transportation applications require protection for sensitive electronic devices [19], [20]. 

To reduce shocks and vibrations, absorption systems can be implemented to protect the rocket's data 

communication system from acceleration forces, shocks, and vibrations throughout the rocket's  

trajectory [21]. Leblouba et al. [22] state that, essentially, vibration isolation systems are devices designed to 

minimize vibrations. This technology aims to reduce the propagation and transmission of energy, creating a 

safer and more comfortable environment. In situations where vibrations become intolerable, an analysis of 

the system's response to vibration effects and enhancement of mechanical properties are required, or the 

addition of isolation systems to counteract vibrations if improving mechanical properties is not feasible in the 

system design. To implement vibration isolation systems, it is essential to understand the components 

involved in vibration control, which include the source, path, and receiver of vibrations. 

Dal and Baklaci [23] mention that vibration isolators are widely used to protect sensitive machinery, 

such as electronic devices and military equipment, from destructive shocks and vibrations. In the past several 

years, various equipment has been designed to protect structures from unwanted vibrations and to reduce 

those vibrations. Ramirez et al. [24] indicate that, for the purpose of isolating vibrations and shocks, flexible 

supports and/or effective mass increase of the system are commonly employed to lower the natural 

frequencies of the isolated system. Ferdek and Dukala [25] highlighted that wire rope isolators (WRI) are 

frequently used to eliminate vibrations from various sources, such as flight systems, sensitive electronics, and 

building structures. 

The type of device marketed as an excellent shock isolator is the WRI, also known as a cable 

isolator. WRI is made by twisting strands of steel around a core strand, and the resulting wire rope can be 

modified to create a spring. WRI is capable of storing and dissipating compact and high amounts of energy. 

The stiffness characteristics of the wire rope are nonlinear due to its configuration. To protect sensitive 

equipment in aerospace and mechanical engineering, WRIs control vibrations and shocks through their 

geometric and mechanical properties [26]. Specifically, WRIs are superior to ordinary linear isolators  

in isolating shock vibrations under certain operational conditions, such as with low-frequency sinusoidal 

input [27] and pulses with high amplitude and long duration [28]. WRIs can dissipate significant amounts of 

energy, regardless of the shape of the wire rope, whether it is helical, circular, or curved. This is due to their 

damping properties, which depend on the size, number of strands, and diameter of the wire rope. 

Furthermore, the direction of loading—shear, roll, and axial—affects the behavior of the WRI [29], [30]. 

Stainless steel WRIs are one of the best types of vibration isolators for both vibration and shock 

isolation. For this reason, WRIs are widely used in industrial applications. WRIs are commonly used to 

minimize vibration and shock during the transportation of military equipment. The protection of sensitive 

electronic devices from shock involves WRIs consisting of holders and wires made from various materials; 

the final WRI is formed by attaching the wire between two holders aligned with one another. During active 

operation, relative movement occurs between the strands forming the wire. Due to the friction between each 

strand, WRIs exhibit nonlinear characteristics. Because of their damping performance, WRIs are widely used. 
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WRIs provide flexibility in all directions due to the friction and sliding between the intertwined 

wires. As a result, they function as friction-type dampers, utilizing stranded wire as the elastic component 

and Coulomb damping between the individual wire strands. Helical WRIs are used for heavy equipment 

applications while polycal WRIs are mainly used for mechanical and micro-electronic applications. As the 

length of the supporting wire increases and the natural frequency decreases, high-mode vibrations are more 

likely to occur [31]. 

The objective of this research is to experimentally analyze the damping capabilities of the WRI in 

the RX ballistic rocket to reduce the vibrations and shocks that occur during flight, ensuring that the data 

communication system can transmit the necessary data to GCS for analyzing the flight characteristics of the 

RX rocket. The research also aims to assess the effectiveness of the 4 WRIs installed in the RX rocket’s large 

and heavy data communication compartment (30 kg) in damping vibrations and shocks during launch. 

Success in obtaining the rocket’s acceleration data during the initial launch phase could lead to flight tests 

with larger and longer rockets, equipped with WRIs as vibration and shock dampers. 

 

 

2. METHOD 

The data communication system, which is part of the rocket’s payload, encompasses various 

disciplines and technologies. The complexity of the rocket’s data communication system presents challenges 

in multiple aspects, such as safety, reliability, and performance. The development of the data communication 

system employs various techniques to enhance its performance and reliability, including propulsion, thermal 

management, integrated modular avionics, the use of advanced materials and composites, computer science, 

and aerospace engineering [32]–[34]. Consequently, safety analysis, optimization, and reliability engineering 

are critical to ensuring that the data communication system operates safely and efficiently [35]–[38]. 

Electronic instruments within this system enable several vital tasks, such as communication, navigation, 

flight control, data processing, and vehicle management [39]. The rocket's data communication system is 

designed to be miniaturized and standardized [40]. 

The method applied in this research involves creating a data communication system equipped with 

WRI dampers, enabling the system to withstand vibrations of up to 8 g and 15 g. Before conducting flight 

tests, vibration tests were carried out to ensure that the data communication system, equipped with WRI 

vibration dampers, could accurately record acceleration data and that the system itself would function 

effectively under vibration conditions. Figure 1 illustrates the process flow for testing the performance of the 

data communication system under vibration during both vibration testing and flight testing. 

 

 

 
 

Figure 1. The process flow for testing the performance of the data communication system under vibration 

 

 

2.1.  Rocket data communication system 

The rocket's data communication system, consisting of a 6-DOF IMU with accelerometer and 

gyroscope sensors, is based on both the object and navigation coordinates. The IMU used in this research is 

the MPU9150 (accelerometer and gyroscope) and ADXL78 (accelerometer) [41]. Both are capable of 
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measuring acceleration between 4 g and 50 g. The accelerometer output is acceleration in meters per second 

squared, while the gyroscope output is angular velocity in radians per second. 

For the data communication system to function and transmit acceleration and trajectory data to 

GCS, a power system is required. The power input to the system is direct current (DC), with a voltage of 7 

volts, powering a 5 volt serial data circuit and a 3 volt sensor circuit. The output from this system is 

transmitted via a 5 volt radio transmitter, which operates at a frequency of 900 MHz and can communicate up 

to 100 km with a data rate of 345 kbps. The rocket data communication system weighs 30 kg. Figure 2 

illustrates the system equipped with WRIs. 

 

 

 
 

Figure 2. Rocket RX data communication system 

 

 

2.2.  Vibration damper 

The rocket experiences vibrations during its launch, which will impact the data communication 

system. To minimize these vibrations, dampers are required and installed in the rocket's data communication 

system. A simple theory of wire rope states that wire rope is subject only to tensile, compressive, and 

torsional stresses, considering that the wire only experiences pure tensile forces while ignoring gripping 

conditions and contact stresses. It can be assumed that the frictional effects between the strands in a wire rope 

are minimal and can be neglected. The effective stiffness of the damper will decrease as the vibration 

amplitude increases, reaching a minimum value. The normal force and the angle change between the wire 

strands can be theoretically calculated when a mass (𝑚) impacts the wire rope at a certain velocity (𝑣) and 

spring stiffness (𝑘). Assuming x is the deformation due to compression and 𝑊 is the axial load acting on the 

wire rope, then [42]: 

 
1

2
[𝑚𝑣]2 =

1

2
[𝑘𝑥]2 (1) 

 

𝑊 = 𝑘𝑥 (2) 

 

𝑊 = 𝑣√𝑚𝑘 (3) 

 

Based on the installation position and the direction of the load axis acting on the damper, there are 4 

types of mounting orientation as shown in Figure 3. The position and orientation of the compression WRI 

mounting axis are illustrated in Figure 3(a). Figure 3(b) displays the WRI mounting in the 45o 

compression/roll position. The sliding and fixed WRI mounting positions are shown in Figure 3(c), while 

Figure 3(d) depicts the fixed roll WRI position. The wire rope isolator used in this research is shown in 

Figure 4. A total of four units of wire rope isolator were installed in data communication system 

compartment, where they were subjected to compression loading, as shown in Figure 4(a). The dimensions of 

wire rope isolator are shown in Figure 4(b).  
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(a) (b) (c) (d) 

 

Figure 3. WRI mounting position (a) compression, (b) 450 compression/roll, (c) fixed shear, and  

(d) fixed roll [43] 

 

 

 
 

(a) (b) 
 

Figure 4. Wire rope isolator (a) wire rope isolator installed in data communication system and (b) dimension 

of wire rope isolator 

 

 

 

2.3.  Vibration tools 

The vibration test equipment primarily consists of five components: control computer, vibration 

controller, amplifier, electrodynamic shaker, and accelerometer. The vibration controller functions as a signal 

generator to drive the shaker. The amplifier will amplify the signal generated from the vibration controller to 

turn on the shaker according to the desired signal conditions. Acceleration transducers are used as 

measurements devices that provide inputs to the vibration controller. The accelerometers provide a feedback 

signal to the control computer. Figure 5 shows the basic components of an electrodynamic vibration testing 

system. For the placement of RX rocket data communication system that has been installed wire rope isolator 

and equipped with a tube on the vibration test machine can be seen in Figure 6. 

 

 

 
 

Figure 5. Basic components of an electrodynamic vibration testing system 
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Figure 6. Payload mounted in vibration test machine 

 

 

3. RESULTS AND DISCUSSION 

To design a large, high-performance sounding rocket, key considerations include achieving high 

acceleration, providing substantial initial thrust, and incorporating effective vibration and shock dampening 

systems. This study investigates the integration of four WRIs within the RX rocket's data communication 

compartment, arranged in a compressive configuration and aligned to optimize vibration attenuation. This 

setup aims to mitigate vibrations encountered during both ground-based vibration tests and in-flight test. 

While earlier studies have explored WRI systems, they have not explicitly addressed its influence on data 

communication systems on sounding rocket. 

The method proposed in this research utilizes WRI dimensions, as shown in Figure 4, resulting in a 

WRI stiffness value consistent with calculated results. Specifically, the WRI stiffness is lower than the 

calculated maximum allowable stiffness (WRI stiffness<calculated maximum stiffness). The characteristics 

of the damper considered are the static load (𝑊), deflection (𝐷), and shock stiffness (𝐾𝑠) [42]. With a load 

mass of 30 kg, the total supported load data is obtained as follows: 𝑊𝑡 = 𝑚 × 𝑔=30 kg × 9,81 m/s2=294,3 N. 

The number of WRI used is 4 units (𝑛), so the static load per isolator (𝑊) is 𝑊𝑡
𝑛⁄ =294,3/4=73,58 N.  

The rocket propulsion operates by generating an excitation frequency of : 𝑓𝑖 = 93,3 Hz. The system response 

natural frequency for 80% isolation is 𝑓𝑛 =
𝑓𝑖

3⁄ =93,3/3=31,1 Hz and the maximum isolator vibration 

stiffness (𝐾𝑣) is 𝐾𝑣=73,58 N × 
2𝜋𝑓𝑛2

𝑔⁄ =286 kN/m. After calculating the load per damper (𝑊) and the 

maximum damper stiffness (𝐾𝑣), both parameters are compared with the maximum static load that the 

damper can support and the actual damper stiffness under the conditions: Calculated 𝑊<maximum damper 

static load=73,58 N<80 N and WRI stiffness<calculated maximum stiffness (𝐾𝑣<calculated 𝐾𝑣)=22 

kN/m<286 kN/m. Our findings provide conclusive evidence that the vibration phenomenon that occurs on the 

RX rocket can be damped through the installation of WRI on a data communication system that weighs 30 kg. 

 

3.1.  Vibration test 

The testing process begins by powering on the vibration machine, the frequency measuring 

instrument, and the rocket’s data communication system as shown in Figure 5. The test was performed by 

gradually increasing and decreasing the frequency to observe dynamic acceleration data. The frequency range 

used started from 0 Hz up to 2 kHz. Figure 7 shows the vibration test results recorded by the frequency 

measurement system installed on the vibration machine. Vibration testing was performed under two 

conditions: constant sweep vibration and random vibration. Figure 7 presents the results of the constant 

sweep vibration test on the vibration machine, conducted at frequencies ranging from 4 Hz to 600 Hz. The 

test started with an excitation of 1 g and went up to a maximum of 8 g. The graph shows no difference 

between the excitation input and the control accelerometer readings. 

Figure 8 shows random vibration test result. In high frequency, vibration level obtained was  

0.4 G2/Hz while excitation of 0.03 G2/Hz while at frequency 900 Hz and 1 G2/Hz while excitation of  

0.04 G2/Hz at frequency 1600 Hz. The power system for the data communication system was turned on at the 

start of the vibration testing to record acceleration data from the sensors installed in the RX rocket’s data 

communication system. The acceleration data from the rocket's data communication system is shown in 
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Figure 9. During the constant sweep vibration test, the recorded acceleration values were 8.37 g in  

Figure 9(a) and 8 g in Figure 9(b). In the random vibration test, the acceleration values were 20.37 g in 

Figure 9(c) and 8 g in Figure 9(d). The consistent recording of acceleration data by the sensors in the rocket's 

data communication system during the vibration test is attributed to the WRIs installed in the data 

communication compartment, which effectively dampened vibrations and shocks within the frequency range 

of 0 Hz to 1500 Hz. 

The higher "g" readings on the test object sensor compared to the vibration machine readings are 

usually caused by phenomena such as resonance, differences in dynamic response, non-linear behavior, 

sensor placement location, and the swing effect when the vibration machine oscillates. This is the natural 

mechanical response to external vibrations during testing. However, despite the higher g-values received by 

the communication system’s IMU compared to the vibration machine’s maximum, the communication 

system continued to function correctly and transmitted signals without interruption or system shutdown, 

indicating that the WRI damping system performed adequately. 

 

 

 
 

Figure 7. Acceleration data from the vibration machine at constant sweep vibration test 

 

 

 
 

Figure 8. Acceleration data from the vibration machine during the random vibration test 

 

 

3.2.  Flight test 

Based on the RX rocket flight test data received on the GCS, the performance of the stainless steel 

WRIs installed in the rocket's data communication system can be analyzed. Figure 10 shows the acceleration 

data obtained during the flight test, which reached 8 g and 9.3 g. Based on the vibration test results, the 

acceleration values of 8 g to 12 g occurred at frequencies between 800 Hz and 1500 Hz. This correlation 

between acceleration and frequency in the vibration test and the rocket flight test demonstrates that the wire 

rope isolators installed in the data communication compartment were able to dampen vibrations and shocks 

experienced during the rocket’s launch from the pad. 
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To further improve the performance, especially in complex flight conditions, alternative damper 

configurations need to be explored in future research. The swing effect will be a reference factor for the 

selection of the position of the ballistic rocket damper in the next study. There are several positions that can 

be applied to the placement of the WRI position, namely the position of the reducer 45º compression/roll, 

fixed shear and fixed roll. 

 

 

 

Figure 9. Acceleration data from communication data system on rocket RX: (a) acceleration data on constant 

sweep vibration test conditions 50 g, (b) acceleration data on constant sweep vibration test conditions 8 g,  

(c) acceleration data under random vibration test conditions 50 g, and (d) acceleration data under random 

vibration test conditions 8 g 

 

 

 
 

Figure 10. Acceleration data from communication data system on rocket test flight 

  

(a) (b) 

  

  

(c) (d) 
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4. CONCLUSION 

The data communication system of the RX ballistic rocket requires a reliable data communication 

system capable of withstanding severe vibrations and shocks during flight. This study demonstrates the 

effectiveness of WRI in reducing vibration and shock in a 30 kg rocket data communication system. Using 4 

WRI units with a stiffness of 286 kN/m and total static load of 294.3 N, WRIs can withstand accelerations of 

up to 9.37 g during flight test and 12 g during vibration test, and ensuring stable data transmission to GCS. 

Although the mounting orientation and the number of dampers meet the requirements there are other external 

variables that arise such as swing effects. This swing effect causes a shift in the acceleration value of the 

rocket data communication with vibration device acceleration of1 g. 
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