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Abstract: The testing stage involves ensuring a product is produced correctly to achieve the targeted performance. Testing is 

observed from the determination of looseness resistance for a spare tire carrier to ascertain its durability due to car vibration 

when driven on flat and bumpy roads to avoid road users' dangers. Therefore, this study was conducted to observe the spare 

tire carrier's working process and analyze the changes in torque and chain tension in the drive shaft by installing a strain gauge 

sensor on the chain link. Moreover, the change in strain was converted into tension using mathematical calculations based on 

test standards. Each component of the spare tire carrier was also analyzed to determine the factors affecting chain tension 

changes. The results showed that the torque change on the driveshaft was 7.79%, while chain tension was 7.14% on axis 1 and 

7.25% on axis 2. Therefore, the spare tire carrier passed the test with the difference not exceeding 25%, which means the road's 

safety aspect is guaranteed for all the users. However, the new fact is self-looseness is initiated by the vibration due to the 

stationary engine rotation. 
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1. Introduction 

 

The global increase in the human population has promoted more extensive areas to find resources needed by humans [1]. The 

increase is observed from the transportation required due to the development of broader and more residential areas. The development 

is necessary because infrastructural development plays a crucial role in mobilizing goods and people in social and commercial activities 

[2]. Moreover, the addition of road lengths and the emergence of new residential areas have a significant positive impact on economic 

growth and purchasing power, which further leads to higher mobility [3]. Cars and other transportation modes are, however, used in 

solving these problems according to geographic conditions. However, they also experience inevitable disruptions both from external 

and internal factors such as a flat or broken tire. The disruption has led to the addition of spare tires in cars using a special tool known 

as the spare tire carrier (STC) to anticipate travel disruptions. 

 

This tool is used in tying and keeping a spare tire in a special place in the vehicle when traveling. However, it has also been affected 

by an existing obstacle loosening its bond due to the vibrations. The vibrations are provided when the engine is started, and the car 

moves or crosses the road [4, 5]. Loosening is even more intense in a situation the vehicle needs to pass over a bumpy or uneven area 

apart. This vibration has been reported to be caused by the differences in the level and stability of several variables such as material, 

surface roughness, tightening strength, tensioning speed, and several tensioning repetitions [6]–[9]. The continuous allowance of this 

looseness usually increases the possibilities of the spare tire detaching from the carrier, making it very important to road users' safety 

[10, 11]. Therefore, all STC products are usually tested and confirmed safe, both in function and durability, to prevent such occurrences 

[12–14].  

 

Modern designs are not focused only on a tool's functionality, which has become an integral part of the design process. Most 

designs use a finite element method to analyze these tools, but several previous studies found the need to include other methods to 

obtain good design accuracy. For example, the previous evaluation process showed several things during the manufacturing process 

that were distorted in the finite element method simulation [15–20]. 

 

The vibration frequency changes initiate a looseness due to the displacement produced by the velocity and acceleration changes 

[6]. It is, however, possible to predict the loosening from the joint shift cycle [4, 5]. Moreover, another study also suggested the 

suppression or hindrance of loosening through preload and increased friction coefficients and reducing the clamping field's length and 

tight tolerance [10]. Mo also emphasized the parameters influencing the relaxation, such as the effect of transverse and axial load, 

bending moment, and friction coefficient on anti-loosening performance [21]. Furthermore, previous research conducted using another 

STC model has shown that looseness was initiated by vibration [22–24]. The studies were conducted to fill the existing gap on the 

STC hoist model. 

 

There is the need to test a product after it has been completed, installed, and working in actual conditions. This study, therefore, 

focused on the looseness resistance test. The test requires several factors due to its complexity. The process involved preparing a jig 

with sturdy construction and resistance to vibration, followed by the use of a strain gauge for data acquisition. The strain gauge was 
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used to directly monitor the changes in strain and tension when appropriately placed, after which the data obtained were processed and 

analyzed [21, 22, 24–31]. 

 

A looseness resistance test was conducted in this study through physical simulation in a laboratory using the STC installed on a 

jig attached to a vibrator machine. Vibrations can be created using different tools such as hammers, piezoelectric, or vibrators with the 

appropriate tools selected based on structure size, working conditions, and cost [9]. The vibrator machine is responsible for delivering 

vibrations with patterns and conditions as close as possible to experience when a car is being driven and traveling on the road. The 

areas of most concern in this research are variations in vibration frequency, repetition, duration, direction, and fatigue or damage, even 

mechanical failure caused by vibrations [32]. The discussions conducted with silver experts further reinforced the importance of 

focusing on these aspects. This research was expected to provide a valid model describing the relationship between self-loosening and 

vibration frequency. Based on that relationship, further, we know the dominant factor initiated the loosening. This research will also 

provide a looseness resistance test process on the STC hoist in the laboratory to ensure the model's safety [33].  

 

A visual investigation was conducted with a penetrant fluid to determine whether the components cracked or not after the test [34]. 

The penetrant fluids perform crack checking, a non-destructive test that several researchers have suggested and widely used [35, 36]. 

These checks confirm the presence or absence of cracks and observe the deformation of the parts in contact as the vibration occurs 

[37, 38]. The results obtained were analyzed to determine the factors influencing the strain value changes and ascertain the carrier's 

compliance with the minimum safety standards required. Moreover, the carrier's durability against the looseness due to vibrations 

caused by outside and those from within, such as the engine, was also evaluated. 

 

The results are expected to be considered by the product development team in improving the design and production of STC. 

Therefore, this study aimed to obtain a valid testing model related to carrier quality based on the accelerated looseness resistance test, 

making the product development cycle faster than performing regular tests. 

 

 

2.  Methodology 

 

2.1  Spare Tire Carrier 

 

STC is a car part that binds, holds, ties, and keeps the spare tire in place wherever the vehicle is traveling. It is mainly 

located under the body, in the trunk, or attached to the car's back, with some of the available types being hoist (chain), 

clamp, and bun. However, this study focused on the hoist type located at the bottom of the car, as shown in figure 1. It 

has a hanging plate that helps in positioning and serves as a buffer for the spare wheel, hoisted until it touches the cross-

member surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Spare tire carrier – hoist type 

 

 

2.2  Stress and Strain 

 

Stress compares the working force and the cross-sectional area of an object, while a strain is defined as the 

ratio between the increase in the current and initial lengths. Meanwhile, Modulus Elasticity or Young's Modulus 

(E) is the ratio between the stress and strain of an object and calculated using the following equation after the strain 

and length gain equations have been substituted [39]. 
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                           𝐸 =
𝐹𝑥𝐿𝑜

𝐴𝑥∆𝐿
                  (1) 

 

2.3  Looseness Resistance and Procedure Tests 

 

Looseness Resistance Test (LRT) involves the vibration of the jig, spare tire, and STC in the vertical direction 

(z-axis) using a vibration testing machine. LRT was used to determine the STC's resistance in binding the spare 

tire against looseness caused by vibration when the engine starts and the period the car is being driven on a flat or 

bumpy road. The parameters determined include the changes in the values of torque on the driveshaft and the chain 

tension. 

 

This looseness resistance test procedure is usually based on the object's function's standards to be tested. In the 

pre-test position, the tires were hoisted to the cross member's touch and tightened according to the 38.5 Nm 

standard. The actual test was conducted for 60 minutes with a tire pressure of 300 Kpa. The vibration direction 

was placed vertically or parallel to the z-axis at a vibration frequency of 10 - 42 Hz and acceleration of 1G or 9.8 

m/s2. Meanwhile, the evaluation standard involved the reduction in torque and chain tension not exceeding 25% 

and observing no cracks in all STC components even with deformation allowance. 

 

2.4  Dye Penetrant Inspection 

 

Dye penetrant inspection is one of the Non-Destructive Test (NDT) visual inspection methods used in detecting 

defects on open surfaces of solid components, both metal and non-metal. It is used to obtain a clearer view of the 

material's defects using the test object and 1 set of dye penetrant fluid, including the cleaner, penetrant, developer, 

and cloth. The visual method was also used in observing the deformation in the components of the vibration. 

 

2.5  Strain Gauge 

 

A strain gauge is a sensor attached to the specimen surface to measure the strain occurring due to physical 

deformation caused by stress. This instrument's main component is a thin metal foil grid that serves as a resistive 

conductor coated with a pair of protective membranes and an insulator, as shown in figure 2. It also has an isolator 

that helps in gluing the strain gauge to the measuring plane. This instrument's working principle is such that the 

resistance value on the strain gauge changes linearly when there is a strain on the specimen. A 2-axis round base 

type has an impedance of 120 Ω, a gauge factor of 2.00 ± 1.0%, and adhesive glue CC-33A, EP-340 was used for 

the steel in this study. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Strain gauge round base 2 axis 

The resistance change was evaluated by multiplying the values of initial resistance, gauge factor, and strain. 

Meanwhile, another function closely related to a strain gauge is the Wheatstone Bridge which is an arrangement 

of electrical circuits in a bridge box used in measuring the value of an unknown resistance by equating the voltage 

flowing on the galvanometer to zero due to the equality of the potential edges. However, the receiver of a different 

resistance from the strain gauge installed in one of the Wheatstone Bridge circuits causes a change in the voltage 

on the galvanometer, which is calculated using the following equation [40]. 

     

v=1/4 x ∆R/R x v'             (2) 

 

Where v 'is the excitation voltage, ΔR is the change in resistance, R is the initial resistance, and v is the output 

voltage. 

 

2.6  Research Framework 

 

This study started with a literature study while data collection was used to select an instrument. The looseness 

was tested, followed by analysis and evaluation to answer the research questions formulated at the beginning of 
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the research. 

 

2.7  Product Data 

 

STC consists of 6 components, including the main body, which serves as the home for the others: driveshaft, 

gear wheel, pinion gear, chain guide, and chain. The drive shaft serves as a drive for the pinion gear and gear wheel 

and an adapter for the jack handle. The gear wheel functions as the STC chain's main driver, while the pinion gear 

serves as the STC chain's main driver. Meanwhile, the chain guide is the chain positioner when it is moved up and 

down, while the chain is the hanging plate puller to hold the spare tire. Moreover, the hanging plate acts as a 

support and positioner for the spare tire when it is tightened.   

 

2.8  Data Acquisition System 

 

Data Acquisition System (DAS) is the device used in the process of retrieving test data. It consists of sensors 

such as a strain gauge that receives input in the form of physical phenomena in the test area and data acquisition 

hardware and software used in displaying the results of the data recorded to the monitor. An LMS Scadas Recorder 

was used in this study. 

 

2.9  Jig Looseness Resistance Test and Testing Machines 

 

The test was conducted in the Testing and Durability (TND) department according to customer requests. 

Therefore, a special jig suitable for the existing test specimens and test machines was required, as shown in Figure 

3. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Jig looseness resistance test 

 

The STC, spare tires and jigs were placed on top of a vibratory engine that can withstand the entire installation 

load for the LRT. Meanwhile, the vibration machine used was an IMV model EM2502 with a frequency range of 

5 - 2500 Hz, a maximum payload of 500 kg, a load capacity of 40000N, and the ability to vibrate on both horizontal 

and vertical axis. 

 

 

3.  Results and discussion 

 

3.1  Testing Preparation 

Almost all the components and measuring instruments used in this study were made of iron, with the surface 

quality being the most important parameter [41, 42]. Therefore, they were carefully prepared and checked to ensure 

they are in good condition without any visual defect. This visual method has been widely used in the metal industry 

[43, 44]. 
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Figure 4: The installation of strain gauge on the chain 

 

 

The strain gauge position is a critical success and accuracy factor in the monitoring and data collection process 

[45–47]. However, particular attention is required to determine the optimum location to install the strain gauge in 

the area considered deformed [48, 49]. Moreover, a strain gauge was attached to the second link from the bottom 

to simplify the checking process. At the same time, chain fitting was included in the high-precision measurement 

category due to its ability to provide values with the lowest uncertainty degree [50]. The installation on the second 

chain also considered the limited space, as shown in Figure 4. The spare tire was filled with air at a maximum of 

300 Kpa before the STC was installed on the jig, which means the setup resembled the actual conditions [51, 52].  

 

Furthermore, the spare tire was also raised to have a forward slope of 8°. Simultaneously, the final stage 

involved tightening the drive shaft using a torque wrench. This also tightened the chain, thereby distributing force 

and triggering the sensor to read the strain gauge length change. A torsion meter was also crucial to obtaining good 

results for repeatable and reliable measurements, while the measurement of torque is essential and fundamental to 

all rotating joints [53]. 

 

The STC, jig, and spare tire were installed on top of the vibration machine, while an accelerometer/vibration 

sensor was installed on the tires, cross members, and upper frame of the jig to determine each part's frequency. 

The accelerometer served as a reference for engine vibration during the test due to its ability to represent the vehicle 

chassis' vibrations. At the same time, other sensors were used to provide supporting data. 

 

3.2  Testing 

 

The test was conducted with a jig, spare tire, and STC, which were vibrated in the direction of the vertical axis 

(z-axis) using a vibration testing machine with the frequency varied between 10 Hz and 42 Hz to determine the 

most significant vibration magnitude and different effects [54, 55]. The frequency was varied constantly at a 

duration of 5 minutes, repeatedly for 60 minutes. This is in line with the sufficiently good duration determined in 

previous studies to obtain a loosening cycle above 100 [56, 57]. Meanwhile, the vibration acceleration used was 

1G (9.81m/s2).  

  

 

3.3  Testing Result 

 

The main parameters that determined whether the specimen passes the LRT test include the torque change's 

magnitude on the driveshaft and the chain tension. The following results were, therefore, obtained from the test. 

 

3.3.1  Change in torque on the driveshaft 

A change was observed in the torque on the drive shaft after the test, with the initial value recorded to be 385 

Kgf.cm while the post-test measurement was 355 Kgf.cm, which means there is a change of 30 Kgf.cm or 

approximately 7.79%. 

 

3.3.2  Chain strain changes 

Two-axis strain gauges were installed on the STC chain to measure the vertical and horizontal changes in strain. 
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Figure 5: Strain and time graph 

 

Figure 5 shows the strain on axis 1 or vertical axis decreased by 27.72 μɛ, and this was observed from the 

values before and after the test, which was 388.02 μɛ and 360.3 μɛ respectively. Meanwhile, axis 2 or horizontal 

axis had an increase of 17.77 μɛ based on the values before and after the test, which were -236.63 μɛ and -219.47 

μɛ respectively. Moreover, Figure 6 shows the change in strain difference due to dynamic conditions such as the 

mechanical vibrations accompanied by the noise, which disturbs the measurement signal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Strain and timing details 

 

3.4  Analysis of Test Results 

According to the standard, changes in chain tension are required to be included in the report. Therefore, it is 

necessary to convert from chain strain to chain tension in Newton (N) units using the elasticity modulus and stress-

strain equation. The results are shown in the following Table 1. 

 

Table 1: Floating-point operations necessary to classify a sample 

Measureme

nt Time 

Directio

n 

Strain 

(uɛ) 

Tensio

n (Mpa) 

Tensile 

Stress (N) 

Deviatio

n (N) 

Percentag

e 

Before Test 

Axis 1 
388.0

2 
81.48 

3301.4

2 
- - 

Axis 2 
-

236.63 
49.56 

-

2013.34 
- - 

After Test 

Axis 1 
360.3

0 
75.60 

3065.5

7 
235.85 7.14 % 

Axis 2 
-

219.47 
45.99 

-

1867.33 
-146.01 7.25 % 

 

Table 1 shows the difference in chain tension measurement on axis 1 and axis 2 before and after the test was 

235.85 N on axis 1 and -146.01 N on axis 2. The table represents by 7.69% and 7.81%, respectively. The 30 Kgf.cm 

torque change on the driveshaft indicates loosening by vibration. This situation is in line with the findings of Hao 

and Syed. It is very dangerous to leave the driveshaft unchecked since the possibility of causing unsafe conditions 

in the form of mechanical failure [4, 5, 32]. The finite element analysis was conducted on a technical basis during 

the STC design stage to determine the continuation of the detailed design and manufacturing stage. However, the 

loosening incident strengthens the opinion that distortion occurs during the manufacturing process, as Weiland 

stated [16]. It also confirms that the finite element method is insufficient, which means the real test is required 

[18–20]. Furthermore, the results also corroborate Linbo's research that changes and acceleration of vibrational 

frequencies also contribute to loosening, as observed with the contribution of 1G. Further observations need to be 

conducted to determine the level of the contribution and limit of acceleration due to its probable effect [6]. 
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Figure 7: Strain and Frequency (10x) 

 

Figure 7 fully describes the relationship between chain strain, time, and frequency. For clarity, the frequency 

is shown as 10x the original frequency. The maximum vertical strain occurs in the initial 10 seconds, where the 

frequency starts the vibration. In the first 10 seconds, STC vibrated with a frequency of 10.04 - 10.62 Hz, then at 

15 seconds, the vertical strain began to be consistently average, and STC vibrated at a frequency of 11.17 Hz. In 

the last 20 seconds of the frequency sinusoidal cycle, as the vibration approaches the frequency of 10 Hz, the 

vertical strain again increases to the maximum.  

 

In summary, it can be stated that at the vibration frequency around 10-11 Hz, there is an increase in the 

maximum strain up to 60 μɛ.  The 10-11 Hz frequency will occur when the car engine rotates at a speed of 600-

660 rpm from the calculation and measurement. At a frequency of 11.5 Hz, the car engine will rotate at 690 rpm. 

This fact shows that the design has been made correctly and has taken into account engine vibration, but the engine 

rotation's vibration convincingly causes the self-looseness itself. Usually, car manufacturers set stationary engine 

speeds to be around 700 rpm with a -50 to +50 rpm tolerance. 

 

After the test, the STC was dismantled to investigate each component to ascertain the presence or absence of 

cracks and the cause of the chain tension changes. This investigation was conducted by spraying a penetrant liquid. 

The results showed the main body, chain guide, chain and hanging plate, driveshaft, gear wheel, and pinion gear 

components did not experience a crack, but the pinion gear component was deformed at the gear tip. These findings 

corroborated Chowdhury and Bhuiyan's research that one of the vibration effects is deformation [37, 38]. 

Therefore, the literature review, discussion, and investigation showed the deformation was due to the difference in 

hardness between the gear wheel and pinion gear. The material's hardness is also closely related to the strain rate 

inherent in its properties [58]. The gear wheel was made of cast iron with a 68 HRc, while the pinion gear was 

made of SPHC 270 with 31 HRc. Meanwhile, when the STC is vibrated, the pinion gear rubs directly against the 

gear wheel. The friction causes deformation, which is indicated by the wear's appearance on the gear tip, which 

further leads to loosening in the STC bond, as shown in Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Deformation of the pinion gear 

 

At the initial level, the deformation or wear does not reduce tool performance but contributes to looseness's 

appearance at a particular stage, as stated in previous research. This condition's allowance makes the looseness due 

to deformation occur much earlier and much more dangerous than those observed due to chain tension changes. 

 

4.  Concl u s ion  
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This study was conducted using several mathematical calculations, and the results showed there is a change of 30 Kgf.cm 

or 7.79% in the torque on the driveshaft and 235.85 N or 7.14% and -146.01 N or 7.25% in the chain tension on axis 1 or 

vertical axis and 2 or horizontal axis respectively. Moreover, the difference observed before and after the test was found not to 

pass the allowable threshold of 25%, and this shows the STC passed the looseness resistance test. The result means the 

loosening is within the normal limits. However, one new fact is that the initiator of self-looseness in STC is the vibration due 

to stationary engine rotation. The engine's stationary rotating speed, which is in the range of 650-750 rpm, produces a vibration 

frequency of 10-11 Hz, which causes maximum vertical strain. The previous investigations performed visually with penetrant 

fluids' aid showed no crack in all STC components. The deformation of the pinion gear was caused by the differences in the 

hardness of the material. It is essential to focus on this aspect because it can be a source of the decline in STC performance and 

function and in initiating loosening. This research showed the loosening attenuation test had not been reached by utilizing the 

tightness of tolerance, and the contribution of manufacturing distortion to loosening was not determined. These two conditions 

are closely related due to their occurrence in the component manufacturing process. This means it is possible to improve the 

finite element method using conditions considered closer to reality to minimize the use of a real tool for testing. It is suggested 

that further research simultaneously attach strain gauge to the other links to obtain a more representative picture of the changes 

in length and observe the homogeneity of the chain material. 
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