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Abstract: In this paper, solid rocket fuel titration by non-destructive ultrasonic test, using 

ultrasonic laser receptor technology. This technique is one of the modern ways to receive 

ultrasound, this technology works by making a three-dimensional image of heterogene-

ous cracks. Taking into account mainly the storage temperature ranging from 50 to 70 C 

and the casings in which the rocket fuel is placed. Experiments were carried out on plastic 

and stainless steel covers. The thickness of plastic casings ranges from 16 to 17.5 mm. The 

thickness stainless steel ranges from 9 to 20.40 mm. The important scientific contribution 

of this research is testing the storage of rocket fuel at high temperatures and knowing 

what happens by introducing rocket fuel in the case of storage at those temperatures. To 

take into account the good ventilation system for solid rocket fuel. 
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1. Introduction 

There are many distinct solid propellant combinations; however there are two primary categories that can be 

identified: homogeneous solid propellants and heterogeneous solid propellants. The fuel and oxidizer are often 

found in the same molecule in a homogenous combination [4]. No molecules larger than macro-level exist in the 

combination. Single-base and double-base homogeneous solid propellants can be distinguished from one an-

other. There is just one kind of propellant base—typically nitrocellulose—in single-base propellants. Nitrocel-

lulose and nitroglycerin are typically the two types of molecules that make up the propellant base in dou-

ble-base propellants. Heterogeneous, or composite, propellants are made up of many materials for the fuel and 

oxidizer [5]. The most often utilized combination is powdered aluminum as the fuel and ammonium perchlo-

rate (AP) as the oxidizer. Ideal solid propellants would cure with no further chemical or physical changes after 

being blended and shaped into their final shape. The propellant will really continue to undergo chemical 

changes, which will cause the mechanical characteristics to change as well. The breakdown of the binder, which 

is often hydroxyl-terminated polybutadiene (HTPB), is the primary cause of this change in mechanical charac-

teristics. The HTPB binder molecules' oxidative crosslinking, a diffusion mechanism, is what governs this aging 

process [6]. Due to the widespread usage of solid propellant missiles throughout the armed services, these 

weapons must withstand a variety of handling, storage, and deployment circumstances. While missiles kept at a 

base significant temperature swings (up to more than 65°C), those stored in temperature variations throughout 

the day and throughout the year. A missile that has been launched from a jet aircraft has had to withstand 

temperatures that are substantially lower than those on the ground (as low as -50°C). The material experiences 

internal stresses and strains as a result of these temperature fluctuations [7]. The two most frequent failure 

modes are the propellant material breaking and the casing and propellant material deboning. High enough 

stresses and strains, repeated stresses and strains that weaken the material, (air) pockets created during the 
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construction process, as well as other causes that locally weaken the propellant can all cause cracking [8]. In this 

paper will organized, section 2. Methodology of design ultra sound detection based on laser vibration receiver; 

section 3 experimental steps, results and conclusion.    

Materials that can store a lot of chemical energy are referred to be energetic materials. Once a chemical reaction 

releases this energy, the process may continue on its own without the aid of outside sources like oxygen. For 

instance, pyrotechnics, high explosives, and cannon and rocket propellants all employ these elements. The 

primary focus of this study effort will be on characterizing the aging of the latter [1]. 

Every branch of the military makes use of solid propellant missiles. Army, Navy, and Air Force missiles are 

launched by rocket engines .some armies possess missiles whose storage period has exceeded more than 26 

years. Certain that these missiles are still secure for usage and storage [2]. Fuel and an oxidizer are the two 

fundamental components of solid propellants. This is combined with a binder, and then dried to form a solid 

propellant. Stabilizers, catalysts to speed up or slow down combustion, and plasticizers are further potential 

constituents [3]. 

2. Methods Methodology of Design Ultra Sound Detection Based on acoustic laser Receiver 

The majority of non-contact ultrasound testing attempts use either air-coupled ultrasound or piezoelectric 

transducers placed in through-transmission. Optical excitation and ultrasonic detection in mode Laser Ultra-

sonic (LUS), is used appropriately [9]. The Laser pulses of nanosecond pulse width are absorbed, producing 

ultra-rapid ultrasound transients, either by ablation or a thermoplastic expansion followed by a relaxation [10]. 

Well-defined echoes are produced by these transients, and these echoes high temporal resolution to be used to 

separate them, allowing enabling using a suitably broad-bandwidth detector for single-sided testing technique. 

To do this today, most people rely on use the appropriate methods for measuring surface vibrations optical 

interferometers, providing detection bandwidths in 100 MHz [11]. This Laser Ultrasonic implementation has 

the drawback of having performance that is highly dependent on the optical qualities and surface features of the 

material being tested, both for excitation and for detection. Strongly scattering surfaces, for example, need 

powerful detection lasers and intricate interferometer setups, which may be expensive and challenging to 

miniaturize [12]. In this study, we describe a different approach based on the wide-range optical microphone 

and air-coupled detection of laser-induced ultrasound. Although detection this setup's bandwidth is con-

strained by ultrasonic attenuation in air [13], to frequencies between 10 Hz and 1 MHz, Still, it is ten times more 

powerful than modern air. Piezo transducers that are coupled are available. Therefore, one microsecond can be 

the length of an audio transient. They are precisely identified and spectrally and temporally separated. Analysis 

[14]. In figure 1 optical ultrasound laser microphone.  

 

Figure 1. Optical laser microphone. 

Visual microphone: detection theory. The refractive index of a media, which is a result of the local density, de-

termines the wavelength of light in that medium. A stiff Fabry-Perot etalon may be used to detect this change in 
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optical wavelength since sound modulates density, which also affects density. The wavelength of the laser in 

the medium between the mirrors [15]. 

Which is measured by a photodiode, determines the intensity of the light reflected by the etalon. Surface quali-

ties and optical properties of the sample are less important to the air-coupled detecting mechanism's operation. 

Although it is particularly well-suited to fiber-reinforced composite materials, and particularly sandwich 

structures, where ultrasound propagation at frequencies higher than 1 MHz is typically strongly attenuated, the 

measurements presented in the following show its applicability for non-destructive testing of steel parts [16]. 

3. Experimental Setup Environment 

On ultrasonography and its uses in the realm of non-destructive testing, theoretical background is presented. 

The ability of ultrasonography to evaluate aging in solid propellant materials is anticipated. To examine some 

factors, feasibility and follow-up studies are conducted. The feasibility study's findings are used to create and 

fine-tune the follow-up studies [17]. Experiments. Pulse-echo measurements and tests will be used in the feasi-

bility studies. The subsequent variables. Since it was anticipated that the inert propellant substance would sig-

nificantly dampen the ultrasonic signal, samples with a thin thickness (5–30 mm) were made. All studies will be 

conducted using a pulse-echo setup [18]. This configuration was chosen because pulse-echo measurements 

would also be employed in the intended application of evaluating solid propellant rocket engines. Because of 

the cavity (bore hole) in the center of the engine, it is not possible to mount transducers within the motor to 

measure transmission, and it is also difficult to measure transmission along the whole diameter of the engine. 

The usage of the optimal frequency range and if the thicknesses chosen offer enough back reflections for addi-

tional investigation were tested through the feasibility trials. For the feasibility and follow-up investigations, 

inert propellant material samples were created [19]. As a result of safety rules banning non-certified products, 

inert materials are utilized. Individuals to carry or operate with reactive samples [20]. In the lack of a set recipe, 

an experimental approach is developed, and adjustments are made as necessary during the production process. 

The whole procedure is detailed in Appendix A, although this section just covers the key points. The samples 

were created in two batches. The initial batch consists of samples without a container that were applied to the 

feasibility tests. The samples from the second batch, which came in a container, were utilized in the studies that 

came next. The samples used in the subsequent tests were aged in a stove to simulate years of aging naturally 

[21]. The reactive (solid) particles that are bonded by hydroxyl-terminated polybutadiene (HTPB) are replaced 

with inert solid particles, in this case potassium sulfate, to match the composition of HTPB-based propellant 

material. Potassium sulfate, HTPB, and auxiliaries are combined with the binder at a ratio of 85:15. By using this 

ratio, the mixture is guaranteed to cure adequately and the solid particles won't migrate and gather at the bot-

tom, leading to non-homogeneous samples [22]. The suggested non-contact laser-ultrasonic inspection tech-

nology was used. An ultrasonic detecting technique called pulse-echo was selected for the entire system. Echo is 

the signal that is picked up from the sample surface, whereas pulse is the creation of ultrasonic waves. Figure 2 

depicts the Laser microphone system’s experimental configuration. Table 1 lists the LUT settings applied to the 

target sample. 

 

Figure 2. The proposed system of Laser microphone system’s experimental configuration 

The samples from the second batch, which were created following the feasibility studies, are included in Table 1 

The containers used to cure the samples, as seen in Figure 3, The types of solid rocket fuel containers are divided 
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into two main types, the first is metal and the second is plastic polymers, according to the type of rocket, the 

method of propulsion and the interaction of the container with the combustion time, may be sealed airtight with 

a lid in storage case. In order to ensure that there is no air pollution surrounding the samples when not in use, 

the samples can now be sealed. All samples in a container have one surface exposed to the air, allowing the 

oxygen-induced aging process to only take place on one surface. Additionally, the container's bottom may now 

be used for ultrasonic measurements. Samples made for batch 2's trials are listed in Table 1. 

Table 1. Ultrasonic measurements Samples 

With the configuration used in these tests, the input signal can be tuned to either square wave or spike excita-

tion. The most common waveform is a square wave with a length equal to half the frequency period of the 

transducer. That's exciting; the piezo element is energized at its resonant frequency by the tat signal. Excite-

ment, a time less than this will result in an impossibly low and maximum capacity Citation period greater than 

this may cause oscillation distortion. Specifically, the length 500ns or 250ns, which is half the wavelength of 

1MHz, or square input signal wave 500 kHz (1 second) or 1 second (0.5 second), respectively. The high excita-

tion signal moves very quick. 

 

Figure 3. Plastic and stainless steel containers for the solid propellant fuel respectively 

4. Results 

In these experiments, the grain anisotropy and grain-to-beam angle of a polycrystalline material can cause ul-

trasound that is propagating through it to be dispersed at grain boundaries. Typically, two occurrences may 

occur due of this encounter, a pen was created. First, the wave as it travels, due to the conversion of the will be 

somewhat muted several types of energy to sound energy. Second, a percentage of the reflected waveform will 

return to the sender. This backscattered or grain noises are terms used to describe observable energy. Conveys 

significant information about the microstructure and is noise-free, how it relates to the medium's physical 

characteristics for instance, grain size, texture, form, and orientation. Multiple attempts have reportedly im-

proved understanding and modeling of back-signal refraction in polycrystalline materials Figure 4 3D image 

analysis of a perfect sample that does not have any defects (plastic and stainless steel casing), In this figure 

shows the semi-homogeneous cracks that are allowed in the sample after manufacturing, and that sample is 

considered the main reference for comparison with the following samples. In Figure 5 a cross section of solid 

rocket fuel shows heterogeneous cracks, with a three-dimensional image showing the amount of heterogeneous 

crack. The imaging was done through an ultrasound explorer based on a laser microphone to produce a very 

Sample Thickness (mm) Container Aging temp 

P1 17.05 Plastic 60°C 

P2 17.90 Plastic 70°C 

P3 16.65 Plastic 60°C 

M1 9.30 Stainless steel 60°C 

M2 15.70 Stainless steel 60°C 

M3 20.40 Stainless steel 70°C 
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accurate image of the cracks in the cross-section of the first sample, where the temperature, in which the test 

was performed to 60 degrees Celsius. 

 

 

Figure 4. 3D image analysis of a perfect sample that does not have any defects (plastic and stainless steel casing). 

 

Figure 5. Heterogeneous cracks show in cross section of solid rocket fuel (plastic casing). 

Commenting on the result reached using a laser receiver ultrasound diagnostic device, the first sample with a 

plastic shell has a thickness from 16.65: 17.6 mm. We will notice, that the cracks in the storage state in those 

casings of that thickness, work to make heterogeneous incisions by 5 mm transverse and 0.4 mm longitudinal at 

a temperature ranging from 60 to 70 degrees Celsius. Figure 6 shows solid fuel samples with stainless steel 

casings ranging in thickness between 9 and 20.4 mm, with a test temperature of 60 °C. In this diagnostic reading, 

heterogeneous cracks have reduced their transverse distances by 2 mm. While the number of heterogeneous 

slits longitudinally increased by 4 times than samples with plastic casing.  
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Figure 6. Heterogeneous cracks show in cross section of solid rocket fuel (stainless steel casing). 

In Figure 7, 3D graph of a one hetrohomogeneous crack in both cases shows the plastic casing and the stainless 

steel, Where the transverse heterogeneous cracks reached a diameter of 5 mm and 2 mm respectively, as it is 

clearly shown that the length of these heterogeneous cracks in the first case is 8 mm and the second case is 3 mm 

 

Figure 7. 3D graph of a one hetrohomogeneous crack in both cases (plastic, stainless steel). 

5. Conclusions 

The system used to create a three-dimensional image to calibrate heterogeneous cracks in solid rocket fuel using 

laser ultrasonic receptors. The proposed system succeeded in telling us information about heterogeneous cracks 

that occur in solid rocket fuel in terms of transverse and longitudinal cracks. Where the longitudinal and 

transverse cracks with rocket fuel coated in plastic casings reached 0.4 mm and 5 mm, respectively. Heteroge-

neous cracks in rocket fuel coated with metal casings such as stainless steel amounted to 2 mm. At temperatures 

ranging from 50 to 70 degrees Celsius, this gives us an accurate understanding of what happens in rocket fuel 

when stored at such temperatures with various plastic and stainless steel casings. The future work in that area is 

to make temperature-resistant casings for solid rocket fuel systems based on those experiments that were done 

in this paper. 
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