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Abstract: In modern automotive engineering, a particular car is composed of various parts that are manufactured using a wide variety of 

materials and technologies and that meet the high demands of modern customers and environmental norms. In the production process of a 

specific article for assembling cars, a problem with springs of a certain type is found. During the planned production, assembled products 

began to show the same defect. The mounted springs fall spontaneously. An analysis of the possible causes was made. A visual examination 

was made which showed a lack of plasticity, a change in geometry and raised doubts about the thermal surface treatment. Based on the 

results of the performed measurements and analysis, the possible causes of the problems during production were recognized. Several 

conditions could have caused this: 

- Two different tools were available at the manufacturer, respectively two different technologies for the production of the springs;  

- The manufacturer used two different sub-suppliers for surface treatment;  

- insufficient corrosion protection;  

The results of the measurements show that despite the geometric deviations of the dimensions, the springs lose their function due to lack or 

improper surface treatment.  
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1. Introduction 

Surface treatment is an important aspect of spring part design 

and manufacturing in the automotive industry, as it can significantly 

affect the performance and longevity of these components. Heat 

treatment of the surface and the improvement of its quality are the 

leading and profitable technologies today to improve the efficient 

use of materials to achieve the required properties of materials used 

in the automotive industry. Continuous improvements and 

refinement of surface treatments are widely used in the daily 

production of parts for the automotive industry [1]. The modern 

automotive industry places increasingly high demands on specific 

loads (thermal, mechanical, etc.), weight reduction, friction between 

them, longer life of mounting elements and improved corrosion 

resistance [2]. In the production process of a specific article for 

assembling cars, a problem with springs of a certain type is found.  

This report discusses the production process of assembling 

automotive parts in a company operating in the territory of Rousse. 

The company carries out production activities and supplies to all car 

manufacturers worldwide. The company is certified to all standards 

of the automotive industry, which obliges it to supply products with 

0-defects.  

In this study, microscopic and hardness examinations of springs 

with changes in internal diameter after the installation were made. 

The analyzes and measurements made, as well as the results 

obtained, are very important in predicting the behavior of the 

springs installed in the specific products. They served as the basis 

for improving the design of the springs. Further analysis will 

include methods/measurements to determine elasticity and stiffness 

in an undamaged and damaged spring.  

2. Materials аnd methods 

During the planned production, assembled products began to 

show the same defect. The mounted springs fall spontaneously. 

Investigation of the installation process, machines and equipment, 

the delivery chain of the springs supplier was immediately 

launched. Following the analysis, the springs were suspected of a 

compromised assembly process. The material used for 

manufacturing the springs is unalloyed 1.1231 (DIN EN 10132, 

SEA 1070, JIS S70CM) steel with the composition listed in Table 1. 

Table 1: Chemical composition of the steel used for 

manufacturing the examined springs 

Element C Si Mn P S Cr Al Fe 

% 0.67 0.22 0.75 <0.01 <0.01 0.23 0.03 Bal. 

 

It became clear that the Provider used two different tools for the 

production of springs. The Provider also used two different sub-

supply and surface processing. The springs manufacturer did not 

want to provide detailed information as it is technological know-

how.  

The analysis of the springs included Vickers hardness 

(DESKTOP DIGITAL COMBINED BRINELL, ROCKWELL 

AND VICKERS HARDNESS TESTER model ZBRV-D) 

measurements as shown in Figure 1, microscopic (Zeiss AxioCam 

MRc CCD Microscope Camera) observations and Caliper tests. 

Measuring with a go-not-go gauge was applied 

Analysis was made on fallen spring by using two different 

approaches: 

 Observations of the spring element by comparing the color 

with that of the OK springs. The fallen spring element fell on 

the containment plan from the whole product. 

 Measurement method - direct attempt to use the imprint of the 

instrument - without resin embedding. 

 

Fig. 1. Measurement of Vickers hardness of the springs 

    3. Results and Discussions  

The results of the hardness measurements are listed in Table 2.  

 

Table 2: Values of the Vickers hardness tests of three springs 

Sample 
Measurement № 

Aver. Evaluation 
1 2 3 

1 178.6 184.8 183.2 1828.2 NOK 

2 181.5 189.8 188.1 186.5 NOK 

3 337.6 347.7 328.5 337.9 NOK 

 

Since the requirements of the hardness values are within the 

limits of 450 – 490 HV, the measured hardness is not sufficient 

because it is out of tolerance. It follows that the Provider used 

different production methods. 

 

Comparison of Tool A and Tool B 

Single parts which haven’t been assembled are shown in Figure 

2. A significant difference in behavior between both parts Tool A 
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and Tool B is observed. Tool A spring is stopping on the first pair 

of teeth, while tool B is stopping at its top teeth. Also, Tool B is 

bent in a bad position. 

                                   

a) b) 

Fig. 2. Images of tool A (a) and tool B (b) before assembling. 

 

The microscopic analysis of mounted springs in an article is 

shown in Figure 3. The accumulated deformation of the spring from 

tool B is clearly visible from the photographs taken under the 

microscope.  

 

a) b) 

Fig. 3. Micrographs of tool A (a) and tool B (b) 

This spring has no elasticity and no longer fulfills its role as a 

spring. Springs with this type of deformation fall spontaneously 

after being installed in the product. 

Random inspection of delivery show springs below the lower 

limit. Table 3 shows the measurement report of NOK springs. Such 

springs were never taken and mounted from the box.  

 

Table 3: Dimension limits and measurement results of a NOK 

spring 

Dimension 

limits 

Measured results Evalua- 

tion 1 2 3 4 5 

Ø9.9 

+0.4/-0.1 
9.743 9.757 9.785 9.780 9.872 NOK 

 

To be able to prove that springs arrive from the manufacturer in 

a condition that does not meet the specification, a 100% inspection 

is carried out on delivery. However, visual inspection of the parts is 

not a proper method for sorting due to the unavailability to catch the 

NOK dimensions by eye. 

 

Investigation of springs from Tool B 

After the spot check, there were found 4 out of 10 NOK springs 

from one problematic delivery batch. Then there were checked 

more than 500 springs from the same batch. 

The following results were found: 

1 spring - Ø9.50 to Ø9.60 mm 

      3 springs - Ø9.60 to Ø9.70 mm 

    18 springs - Ø9.70 to Ø9.80 mm 

  350 springs - Ø9.80 to Ø9.90 mm 

  118 springs - Ø 9.90 to Ø 10.00 mm 

 

500 springs were selected from a random box. The 

measurement shows that there is a big deviation in the dimensions 

Assay tests were performed with the springs that are below the 

lower limit (< 9.8). Overall 34 springs that were below the lower 

tolerance were tested on machine run test and were then checked on 

a containment plan. The test results indicated that 3 out of 34 tested 

NOK springs have fallen out after assembly. It follows that the 

slight deviation from geometric dimensions (which in 5-10% of 

cases go beyond the lower limits of the tolerance field), did not 

significantly affect the reason for the springs falling from the 

finished products.  

Figure 4 illustrates OK and NOK spring tests with the go-not-go 

gauge. It is seen how NOK spring is attached inside the caliber. 

Tool B spring is out of specification (lower borderline) and the 

process of supplier is moved to lower tolerance of the spring 

 

 
Fig. 4. OK and NOK spring test with the go-not-go gauge 

 

Therefore, the design of the spring is secured, even if the 

springs are far below the lower tolerance, they still hold in the 

turning element. It follows that the essential role was played by the 

correct surface treatment. Some of the springs from the box were   

highly rusted on site as shown in Figure 5, while other parts had 

passed no surface treatment 

 

 
Fig. 5. Аppearance of some tested springs.  

 

4. Conclusions 
 

Were made on unmounted Tool B springs. Springs were 

separated by dimensional differences. It was found that the springs 

are manufactured on the border and below the lower limits. the 

drawing specifications. However, even if the springs are far below 

the lower tolerance, their design is secured and they still hold in the 

turning element. Without surface treatment, the springs do not have 

the necessary plasticity, do not fulfill their function as a spring, 

which causes a lack of functionality of the entire assembled 

product. The consequences for the serial production used by these 

springs are: 

 100% control of each product ongoing. 

 Costs will exceed 300k Euro soon 

 Spring elements are still falling from the assembled 

product  

 Тhе supplier is denying any costs, sorting and claims 
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