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Abstract
Purpose – Regarding that Ultraviolet radiation, pollutant adsorption, and environmental changes may be the 
main reasons for the aging and yellowing on windshield rubber in high-speed trains, countermeasures are 
proposed to solve the aging and yellowing of windshield rubber and reduce the adverse effects caused by rubber 
yellowing.
Design/methodology/approach – Scanning electron microscopy (SEM) and energy dispersive spectroscopy 
(EDS) were used to test the yellowed windshield rubber. Aging tests, including UVaging, natural aging and salt 
spray aging, were conducted to analyze the effects of aging on the windshield rubber. Different cleaning agents 
were selected to soak the windshield rubber, and the quality, hardness, and surface appearance of the rubber 
samples were tested.
Findings – After UV aging, antioxidants migrated to the surface of the windshield rubber, but due to oxidation 
failure, they could not capture free radicals, leading to continued oxidation reactions within the material and 
resulting in yellowing of the rubber in a short period of time.
Originality/value – Cleaning agents have a minimal impact on windshield rubber, UV aging has the greatest 
impact and natural aging is a gradual and slow deterioration process. Through daily deep cleaning and 
maintenance with protective agents at regular intervals, the deterioration of windshield rubber yellowing in 
high-speed trains can be effectively suppressed.
Keywords High-speed train, Windshield rubber, Aging and yellowing, Countermeasures
Paper type Research article

1. Introduction
As the core carrier of modern rail transit, the efficient and safe operation of high-speed trains 
relies on the collaborative innovation and system integration of multiple key technologies. 
As a key functional component of the train, the windshield plays multiple roles in reducing 
aerodynamic resistance, optimizing noise control, and ensuring the sealing of the train end. 
There are three types of windshields between the two vehicles: compression type external 
windshield, airtight internal windshield, and snow proof windshield. The compression type 
external windshield plays a role in reducing the resistance of flowing air. The airtight internal 
windshield ensures the airtightness of the vehicle’s interior, while the anti snow windshield is 
designed specifically for harsh weather conditions to prevent snow and dust from entering the 
car. The problem of aging and yellowing not only affects aesthetics, but may also lead to 
degradation of material properties, thereby reducing the overall image of the vehicle and 
passenger experience.
Windshield yellowing is primarily caused by the combined effects of environmental aging 

and material properties. Ultraviolet radiation triggers photo-oxidative degradation of
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aromatic compounds in rubber or coatings, generating quinone chromophores (Yu, Sun, Ma, 
& Zhang, 2019; Liu, Qi, Wan, & Zheng, 2022; Zhang, Zeng, Song, & Wang, 2024; Wu, 
Wang, & Wang, 2017; Kim, Lee, & Yang, 2016; Celina, 2013; Yang & Jiang, 2011; Ge, 
2010). Additionally, high-speed operation exposes the windshield to sand impact, 
contamination (such as industrial particles and exhaust oil films), and temperature-
humidity cycles, further accelerating surface fading and yellow spot formation, as shown in 
Figure 1. Currently, some rubber windshields on existing high-speed trains have exhibited 
discoloration and yellowing, severely affecting the appearance and product quality of high-
speed trains. Previous studies have mostly focused on the impact of a single factor (such as 
ultraviolet radiation or pollutants) on rubber aging, but there are few related studies on multi 
factor coupled aging testing. Through experiments, it has been confirmed that UV aging 
(photo oxidative degradation), natural aging, salt spray aging, and cleaning agents have a 
synergistic effect, revealing that multiple factors jointly trigger rapid yellowing of windshield 
rubber. (Xu, Song, Zheng, & Hu, 2007; Tang et al., 2023; Kim, Kim, & Cho, 2025; Huang, 
Wang, Qiu, & Wu, 2016; Jiang, Zheng, Song, Li, & Wang, 2007; Lee & Kim, 1995). 
Therefore, investigating the causes of windshield yellowing in high-speed trains and 
providing technical solutions to address these issues is of critical importance.

2. Experiment
2.1 Test materials
Take samples of windshield material measuring 30 3 30 mm from the high-speed train, with 
test areas designated as A and B, as shown in Figure 2.

2.2 Test method
2.2.1 Corrosion product surface morphology analysis. Cut a 10 3 10 mm sample from the
windshield sample. Use a scanning electron microscope (TESCAN MIRA4) to observe and 
analyze the outer surface of the windshield. Analyze the elemental composition and 
distribution of the outer surface using the Xplore 30 X-ray spectrometer mounted on the SEM.
Select typical areas of yellowing on the outer surface of the windshield, and use a handheld 

portable microscope (Anyth) to observe the macro corrosion morphology of the sample. The 
microscope has a pixel count of 1.8 million and a resolution of 128031024 (MJPG).

2.2.2 Effect of UV aging on windshield rubber. Cut a new windshield rubber sample
measuring 70 3 150 mm, as shown in Figure 3. Coat the sample surface with deionized water 
and conduct an ultraviolet aging test in accordance with GB/T 14,522–2008 “Artificial

Figure 1. Yellowing of windshield rubber. Source(s): Author’s own work
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Climate Aging Test Methods for Plastics, Coatings, and Rubber Materials Used in Mechanical 
Products—Fluorescent Ultraviolet Lamp.” Take samples once a week and record the gloss and 
color difference data.

2.2.3 Effect of natural aging on windshield rubber. Coat new windshield rubber test
specimens with deionized water and subject to natural aging tests (the specimens are 
positioned at a 458 angle to the horizon, with the exposed surfaces receiving the maximum 
amount of solar radiation). Take samples once a week, and record the gloss and color 
difference data.

Figure 2. Cutting windshield material. Source(s): Author’s own work

Figure 3. Newly manufactured windshield rubber test specimen. Source(s): Author’s own work
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2.2.4 Effect of salt spray aging on windshield rubber. Subject new windshield rubber test
specimens to salt spray aging tests in accordance with GB/T 10,125–2021 “Artificial 
Atmosphere Corrosion Tests—Salt Spray Test.” Model of salt spray test chamber: LRHS-
1080-RY, 5% sodium chloride solution; spray pressure of 98 kPa ± 10 kPa; concentration of 
collected spray solution of 50 g/L ± 5g/L. Take samples once a week, and record the gloss and 
color difference data.

2.2.5 Effect of cleaning agents on windshield rubber. Following the method specified in
GB/T 1690 “Test Methods for Resistance of Vulcanized Rubber or Thermoplastic Rubber to 
Liquids,” immerse windshield rubber samples in acidic cleaning agent (10% by mass), neutral 
cleaning agent (10% by mass), alkaline cleaning agent (10% by mass), solvent-based cleaning 
agent, and distilled water for 5 days. Test the mass difference before and after immersion, 
calculate the mass change rate and hardness change. The sample dimensions are
5 3 5 3 2 mm.
Perform microscopic photography and SEM testing on the samples.
Infrared spectroscopy (FTIR): use attenuated total reflection to perform infrared testing on 

the surface of windshield rubber samples before and after immersion in different cleaning
agents. 
AFM testing: take windshield rubber samples with dimensions of 5 3 5 mm and a surface 

roughness not exceeding 5 μm, and test the sample surfaces. Instrument model: Bruker 
Dimension Icon.

3. Results and discussion
3.1 Composition of yellowing deposits
Collect contaminants adhering to the outer surface of the high-speed train, and apply adhesive 
tape near the windshield position as shown in Figure 4. After sampling, analyze the main 
components of the contaminants (comparing the blank adhesive tape before testing with the 
contaminated adhesive tape after testing), as shown in Table 1 and Figure 5.
Analysis indicates that trace elements such as Mg and Al may precipitate from the 

aluminum alloy vehicle body; Na, K, and Cl originating from inorganic salts present in 
rainwater; Ca 2þ and CO 3 2� derive from airborne particulate matter; iron filings generated by 
rail friction contain Fe, Mn, Cr, Ni, and other trace alloys; and organic oils stem from fuel 
injection equipment or vehicle-added oil mixtures (Swoger, 2012; Nagai, Ogawa, Nishimoto,
& Ohishi, 1999; Awasthi & Agarwal, 2010).

Figure 4. Adhesive tape application. Source(s): Author’s own work
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3.2 Microstructural morphology of yellowed windshield rubber materials
The corrosion product morphology of the windshield rubber areas A and B on the vehicle body 
was photographed using a handheld microscope, with two points photographed in each area. It 
can be observed that the outer surface of the windshield exhibits cracks accompanied by bright 
white and dark gray corrosion spots, as shown in Figure 6.
Surface morphology observations were conducted on the corrosion products of the outer 

surface areas A and B of the yellowed windshield rubber, and their compositions were 
analyzed using EDS and point scanning. The results are shown in Table 2 and Figure 7.
C racks were observed on the surface of the windshield material, with higher proportions of 

C, O, Si, and Ba elements at the crack sites. This is primarily due to the aged and rough outer 
surface of the windshield material, which easily accumulates more dust and dirt. The presence 
of trace amounts of Al, Fe, Mg, and Na may be introduced by metal elements from vehicle 
operation friction. Additionally, corrosive elements such as S and P were detected on the 
material surface, which may have a corrosive effect on the windshield material (Docquier, 
Fisette, & Jeanmart, 2008; Zhu, Yang, Zhang, Feng, & Ma, 2017; Sreenivasan & Keppanan, 
2019; Lee, Kim, & Huh, Kim, & Jeong, 2003).

Table 1. Analysis of the components of contaminants adhering to the exterior surfaces of the EMU

Element Weight %

C 31.54
O 22.22
F 1.26
Na 1.71
Mg 0.66
Al 0.97
Si 1.60
Zr 2.79
Mo 0.53
Cl 0.34
K 0.22
Ca 0.24
Cr 0.22
Mn 0.35
Fe 34.39
Co 0.53
Source(s): Author’s own work

Figure 5. Morphology of contaminants. Source(s): Author’s own work
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3.3 UV aging test analysis
Windshield rubber test samples coated with clean water showed that, as UV aging time 
increased, color difference remained stable at 10–12 after 288 h, while gloss continued to 
decrease to 5–15. UV radiation and thermal oxidation synergistically accelerate the 
consumption of antioxidants (such as phenols and amines) (Mazzola & Berg, 2014). Once 
antioxidants migrate to the surface of the windshield rubber, they will become ineffective 
due to oxidation and fail to capture free radicals, leading to continued oxidative reactions

Figure 6. Morphology of corrosion products on windshield rubber. Source(s): Author’s own work

Table 2. Component analysis of corrosion products on the outer surface of the yellowed windshield rubber

Element
Weight % 
A B

C 19.41 17.79
O 44.11 33.66
Al 5.99 3.27
Si 11.28 9.22
S 3.66 5.53
Ba 11.26 24.5
Fe 1.67 3.38
P 0.29 0.24
K 0.51 0.56
Ca 0.74 1.01
Mg 0.59 0.46
Na 0.49 0.37
Source(s): Author’s own work
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within the material and resulting in color difference and gloss reduction. Therefore, UV 
irradiation is the primary factor causing color change in windshield rubber, as shown in 
Figures 8 and 9.
The changes in gloss and color difference of windshield rubber are primarily caused by 

material aging and the complex interaction with the environment: windshield rubber materials 
are primarily EPDM rubber or silicone rubber. Under long-term UV irradiation (cumulative 
UVB dose≥120 kJ/m 2 ) and temperature cycling (�408C to þ708C), the polymer chains 
undergo photo-oxidative degradation, leading to the migration of plasticizers and the failure of 
antioxidants, resulting in surface yellowing. The electron microscopy results show that white 
patches appear on the surface of the windshield rubber after 288 hours, and the aging and 
whitening phenomenon intensify with time, as shown in Figure 10.
UV aging is mainly caused by polymer photochemical reactions triggered by ultraviolet 

radiation, leading to structural damage and performance degradation of rubber materials. High 
energy photons in ultraviolet radiation (especially in the UV-A and UV-B bands with 
wavelengths of 300–400 nm) are absorbed by rubber molecules, directly damaging weak areas 
in the molecular chain (such as unsaturated double bonds), and generating highly active free 
radicals. These free radicals react rapidly with oxygen (O 2 ) to form peroxide free radicals 
(RO 2 ·), which then attack other molecular chains, trigger chain degradation, break molecular 
chains, and cause rubber elasticity loss, softening, or pulverization.

3.4 Natural aging test analysis
Windshield rubber samples coated with water exhibited minimal changes in color difference 
and gloss after 432 h of natural aging. This was due to the gradual stabilization of the surface 
oxidation layer, which reduced the reaction rate of active groups, causing color difference and

Figure 7. Electron microscope image of the appearance of yellowed windshield rubber. Source(s): Author’s 
own work
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gloss changes to plateau (Facchinetti, Mazzola, Alfi, & Bruni, 2010; Jeong, Song, Huh, Kim, 
& Kim, 2006). Natural aging was a slow and gradual process, as shown in Figures 11 and 12.
Natural aging is caused by the synergistic effects of environmental factors (ultraviolet 

radiation, oxygen, and temperature fluctuations) that disrupt the molecular structure of

Figure 8. Gloss and color difference of windshield rubber after UV aging. Source(s): Author’s own work

Figure 9. UV-aged windshield rubber samples and microscopic images. Source(s): Author’s own work
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rubber. Oxidation reactions dominate: oxygen penetration causes the oxidation and 
breakage of rubber molecular chains, generating oxygen-containing groups such as 
carbonyl and carboxyl groups, resulting in a significant decrease in material elasticity. UV 
photolysis: UV radiation (280–400 nm) provides energy to break C-C bonds (347 kJ/mol)

Figure 10. Electron microscopy image of windshield rubber after UV aging. Source(s): Author’s own work

Figure 11. Gloss and color difference of windshield rubber after natural aging. Source(s): Author’s own work
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and C-H bonds (413 kJ/mol), generating free radicals and triggering chain degradation, 
accelerating surface brittleness. High temperatures accelerate the diffusion rate of oxygen 
molecules, speeding up the oxidation reaction process. Simultaneously, temperature 
fluctuations cause stress accumulation within the rubber, leading to the propagation of 
microcracks. The effect of natural aging on rubber is a gradual, slow degradation process 
driven by multiple factors.
There are differences in the aging phenomenon of rubber samples after UV aging and 

natural aging. UVaging is a rapid and irreversible process of molecular chain breakage caused 
by ultraviolet radiation in the short term. Cracks, roughness, powdering, whitening, or 
discoloration appear on the surface of UV aging (often seen in exposed areas). The physical 
performance is manifested as the direct breakage of molecular chains leading to rapid loss of 
elasticity and significant decrease in mechanical properties. UVaging triggers a chain reaction 
to accelerate oxidation, with cracks perpendicular to the stress direction. However, natural 
aging is dominated by thermal oxidative reactions, which slowly accumulate damage over 
time and temperature, and the process is relatively uniform. Natural aging causes the surface to 
become uniformly thinner, harden or soften as a whole, and slowly form fine lines. The 
physical properties manifest as gradual molecular structure breakdown (cross-linking/ 
degradation) and gradual decrease in elasticity.

3.5 Salt spray aging test analysis
Windshield rubber specimens coated with water showed minimal changes in color difference 
and light color after 432 hours of salt spray aging, indicating that the effect of salt spray aging 
on the rubber specimens was negligible, as shown in Figures 13 and 14.

Figure 12. Test specimens and micrographs of windshield rubber after natural aging. Source(s): Author’s 
own work

Railway Sciences

589

Downloaded from http://ftp.nowpublishers.com/rs/article-pdf/4/5/580/10367750/rs-08-2025-0025en.pdf by guest on 20 June 2026



3.6 Cleaning agent test analysis
3.6.1 Immersion corrosion test. Following the method specified in GB/T 1690 “Test Methods 
for Resistance of Vulcanized Rubber or Thermoplastic Rubber to Liquids,” windshield rubber

Figure 13. Gloss and color difference of windshield rubber after salt spray aging. Source(s): Author’s 
own work

Figure 14. Windshield rubber samples and micrographs after salt spray aging. Source(s): Author’s own work
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samples were immersed in acidic cleaning agent (10% by mass), neutral cleaning agent (10% 
by mass), alkaline cleaning agent (10% by mass), solvent-based cleaning agent, and distilled 
water for 5 days. The mass difference before and after immersion was measured, and the mass 
change rate and hardness change were calculated, as shown in Table 3 and Figure 15. It can be 
observed that the mass change rate of the windshield rubber immersed in different solutions is 
as follows: acidic cleaning agent > alkaline cleaning agent > solvent-based cleaning 
agent > distilled water > neutral cleaning agent; the hardness change is as follows: solvent-
based cleaning agent > acidic cleaning agent > alkaline cleaning agent > distilled 
water > neutral cleaning agent.
Rubber materials contain active groups such as benzene rings, allyl groups, -OH, and C-

5 -C in their molecular structure. In acidic, alkaline, or solvent environments, these groups 
undergo complex chemical reactions, leading to significant changes in physical and chemical 
properties. This not only involves the breakage and recombination of molecular chains, but 
also results in the deterioration of macroscopic properties, with solvents physically penetrating 
and disrupting the structure. In acidic environments, H þ ions attack double bonds, triggering 
oxidative cleavage and generating free radical intermediates, which further accelerate auto-
oxidation chain reactions. This results in the rubber losing its elasticity and the surface 
developing cracks. In alkaline environments, the rubber is easily attacked by hydroxide ions 
(OH � ) through nucleophilic reactions, causing ring opening or substitution reactions in the 
benzene ring, disrupting the rigid molecular chain structure, leading to softening and swelling 
of the rubber material. Therefore, the quality change rate is highest for acidic and alkaline

Table 3. Corrosion quality and hardness changes of windshield rubber

Material

Acidic 
cleaning agent 
(10% by mass)

Neutral 
cleaning agent 
(10% by mass)

Alkaline 
cleaning agent 
(10% by mass)

Solvent-based 
cleaning agent

Distilled
water

Mass change rate 2.05 0.81 1.53 1.39 1.28
Hardness change 0.58 0.12 0.38 0.91 0.31
Source(s): Author’s own work

Figure 15. Gloss and color difference of windshield rubber after immersion in different cleaning agents for
5 days. Source(s): Author’s own work
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cleaning agents. Prolonged contact with solvents causes non-polar solvents to penetrate the 
rubber network, weakening intermolecular forces and causing surface swelling, resulting in 
the greatest hardness change. However, in this test, the quality change rate and hardness 
change values of the windshield rubber are similar to those of distilled water and within 
reasonable ranges. It is inferred that the main components of the cleaning agents are non-ionic 
surfactants, additives, and corrosion inhibitors, with extremely low additions of acidic, 
alkaline, or solvent substances. Therefore, after dilution, the effective content is extremely 
low, and it can be considered that diluted acidic, alkaline, and solvent cleaning agents have a 
minimal impact on rubber.

3.6.2 SEM morphology after immersion. SEM surface morphology observations were 
conducted on the windshield rubber. The observations revealed a smooth and intact surface 
with no obvious signs of corrosion. Elemental analysis indicated that the windshield rubber 
was primarily composed of three elements: C, O, and Si, with C being the most abundant. 
Additionally, trace amounts of metallic elements such as Zn, Mg, and Al were detected, while 
trace amounts of S and N might have been introduced from the atmospheric environment. The 
results were shown in Figure 16 and Table 4.

3.6.3 Infrared spectroscopy testing (FTIR). Infrared testing was conducted on the sample
surfaces before and after immersion in the cleaning agent using attenuated total reflection. 
The results are shown in Figure 17. From the infrared spectra, it can be seen that 750 cm �1 
may be the absorption peak of the (CH 2 ) vibration, 1078 cm �1 may be the absorption peak of 
the C-O vibration, and 1458 cm �1 may be the absorption peak of Si (CH 3 ) 2 vibration peak 
absorption peak, 1609 cm �1 may be the C5C vibration peak absorption peak, indicating that 
the compound contains CH (3) and CH (2), 1745 cm -1 may be the conjugated C5O 
absorption peak, and 2913 cm �1 and 2849 cm �1 may be absorption peaks of saturated
hydrocarbon C-H stretching vibrations. The peaks at 2913 cm �1 , 2849 cm �1 , 1745 cm �1 ,
1609 cm �1 , 1458 cm �1 , 1078 cm �1 , and 750 cm �1 , indicating that the structural integrity of 
the windshield rubber samples remain unchanged after immersion in the cleaning agent. This 
further confirms that the diluted cleaning agent has negligible effects on the windshield 
rubber.

3.6.4 Atomic force microscopy (AFM). AFM (German Bruker Dimension Icon) was used to 
observe the surface morphology of the samples before and after immersion in the cleaning 
agent. The results are shown in Figure 18. After immersion in the cleaning agent, the surface 
morphology of the samples undergoes minor changes. The surface roughness of the five 
windshield rubber samples after immersion is as generally between �250 nm and �200 nm, 
further confirming that the diluted cleaning agent has virtually no effect on the windshield 
rubber.

4. Countermeasures
4.1 Specialized cleaning agents
There are two kinds of specialized cleaning agents, including metal oxide stains: reddish-
brown rust deposits formed by the oxidation of metal particles from rail friction or industrial 
dust; organic stains: accumulation of oil residues, atmospheric pollutants, and other micro-
particles over time.
The above-mentioned yellow spot stains are washable. The specialized cleaning agents use 

a special raw material compounding process and contain small molecule chelating agents, 
which can chelate with divalent cationic metals (calcium, magnesium, iron, etc.) contained on 
the surface of the yellow spot. Although the chelated complexes adsorb onto the paint surface, 
their water solubility is enhanced under the action of cationic surfactants, and they no longer 
continue to grow and undergo lattice distortion, making it easy for scale to disperse and 
remove. The yellow spot removal rate is over 85%, which can effectively solve the problem of 
yellow spots on the outer surface of high-speed trains, as shown in Figure 19.
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4.2 Yellow stain repair agent
Aging yellowing: an irreversible chemical degradation phenomenon that occurs in polymer 
coatings under long-term exposure to ultraviolet radiation. The mechanism is that ultraviolet 
radiation (295–360 nm band) triggers the breakage of resin molecular chains, especially the 
aromatic structures in polyurethane or acrylic polyurethane topcoats. After absorbing 
ultraviolet photons, quinone chromophores are generated through photooxidation reactions. 
This process follows a free radical chain reaction: ultraviolet radiation first breaks chemical 
bonds to produce alkyl radicals, which then react with oxygen to form hydroperoxides. Finally, 
through beta cleavage, carbonyl compounds (such as aldehydes and ketones) are generated, 
causing the material to turn yellow and cannot be removed by physical cleaning. This type of

Figure 16. SEM images of the windshield rubber surface after immersion (a) immersion in acidic cleaning 
agent (b) immersion in neutral cleaning agent (c) immersion in alkaline cleaning agent (d) immersion in solvent 
cleaning agent (e) immersion in distilled water. Source(s): Author’s own work
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yellowing can be repaired by spraying with repair agents, adding ultraviolet absorbers (such as 
benzotriazoles), or using aliphatic polyurethane to delay yellowing. After polishing, a more 
weather resistant nano modified repair agent can be reapplied, as shown in Figure 20.

5. Conclusions

(1) Under UV aging conditions, antioxidants in windshield rubber migrate to the surface, 
where they become ineffective due to oxidation and fail to capture free radicals, 
leading to continued oxidative reactions within the material and resulting in rapid 
aging and yellowing of the rubber.

Table 4. Elemental composition of the outer surface of windshield rubber specimens after immersion in 
different solutions

Element

Weight percentage (wt%)
Soaked 
in acidic 
cleaning 
agent

Neutral
cleaning
agent
immersion

Alkaline
cleaning
agent
immersion

Solvent
cleaner
immersion

Distilled
water
immersion

C 72.17 68.97 69.28 62.44 72.32
O 22.76 27.69 25.42 25.76 23.48
Si 0.70 0.62 0.52 1.17 0.75
Zn 2.81 1.93 3.73 2.22 1.81
F 1.24 0.20 / 2.49 1.12
Al 0.20 0.13 0.51 0.21 0.25
S 0.13 0.1 / 0.18 0.13
N / / 0.61 5.29 0.13
Total 100 100 100 100 100
Source(s): Author’s own work

Figure 17. Infrared spectrum of windshield rubber after immersion in cleaning agent. Source(s): Author’s 
own work
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Figure 18. Atomic force microscopy images of windshield rubber after UV aging: (a) immersion in acidic 
cleaning agent, (b) immersion in neutral cleaning agent, (c) immersion in alkaline cleaning agent, (d) immersion 
in solvent cleaning agent, (e) immersion in distilled water. Source(s): Author’s own work

Figure 19. Windshield cleaning. Source(s): Author’s own work
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(2) The effect of natural aging on windshield rubber is a gradual, slow deterioration 
process driven by multiple factors. However, UV aging has a significantly greater 
impact on windshield rubber than natural aging.

(3) Diluted cleaning agents, whether acidic, neutral, alkaline, or solvent-based, have 
minimal impact on windshield rubber.

(4) Cleaning cycles should be determined based on vehicle models and operational 
environments, with recommendations for two types of cleaning: routine cleaning and 
deep cleaning. Routine cleaning involves quick cleaning and should be conducted in 
conjunction with daily maintenance. Deep cleaning targets stubborn stains and should 
be performed during vehicle inspections or specialized repairs.
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