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Abstract. The article presents an innovative technique of assessing the quality 

(condition) of rubber-metal connections. Such connections are used in the 

construction of the suspension elements of modern rail and road vehicles. Metal-

rubber joint is an adhesive connection. To improve adhesion of the rubber to the 

aluminum substrate are used primers applied on the inner surface of the aluminum 

element. The pilot studies showed that classical ultrasonic transducers make it 

impossible  to obtain useful for tests ultrasonic pulses on a screen of flaw detector. 

In this work the authors used modern digital ultrasonic equipment and ultrasonic 

transducers with the water delay line - high frequency transducers (20MHz). Water-

delay line allows not only to move the dead zone outside the test area but also to 

correctly fit the transducer to the surface during the test. The study included two 

main stages - non-destructive testing by own procedures and destructive tests, whose 

aim was to verify the results of ultrasonic testing. The study was carried out in the 

entire area of the adhesive connection. On the basis of the ultrasonic wave scanning 

of the outer surface of the element,  both the areas of weakened adhesion of the 

rubber to substrate, and those of good adhesion were determined. In the last stage of 

the experiment destructive tests were carried out to verify previously performed 

ultrasonic measurements. Destructive tests were conducted in two basic variants, 

reflecting the techniques used in the industry. In the first of them, aluminum sheet 

fragments were peeled from the rubber after cutting the aluminum sheet, in the 

second one the central part of the sleeve was pushed on the press. Ultrasonic testing 

was carried out according to own technique, which started with calibration of 

ultrasonic apparatus and finished with an evaluation of connection areas based on a 

decibel scale. The assessment procedure of metal-rubber connection  proposed in the 

article can largely replace the destructive methods currently used. The main 

advantages of the proposed technique are the reduction of production costs and 

increase in the quality of finished products as a result of early diagnosis of changes 

in the process of making connections.  

1. Introduction  

Passengers of public transport vehicles appreciate the comfort of traveling. It is however 

influenced by vibration and noise. For manufacturers of automotive and railway vehicles it 

is particularly important to meet the safety requirements and reduce the cost of production. 

 Considering the above, the manufacturers use elements of metal and rubber in the 

More info about this article: http://ndt.net/?id=19767

http://creativecommons.org/licenses/by-nd/3.0/
mailto:dariusz.ulbrich@put.poznan.pl
mailto:jakub.kowalczyk@put.poznan.pl
mailto:wojciech.sawczuk@put.poznan.pl
mailto:slawomir.kolodziejski@aksapoland.pl


2 

construction of vehicles (including the vehicle suspension). These elements are a 

combination of two metal pieces with glued and vulcanized rubber (a combination of a 

multi-layer adhesive).  

 Some publications present results of computer simulation research of metal-rubber 

components used in the suspension of motor vehicles and other machines [1-5]. Li X. et. all 

[6] used a non-linear finite element method to analyze the interfacial failure in cylindrical 

rubber bushes. A research method based on vibro-acoustic reduced order model using 

undeformed coupling interfaces, proposed by Lindberg E. et. all [7], can be used for 

parametric studies on a substructure level. Most of the research involved analysis and 

calculations of metal-rubber elements at the stage of their construction. A failure analysis of 

a suspension component was conducted for a wishbone [8]. There are no quality and failure 

analyses of rubber bushings used in the suspension systems of motor vehicles. 

 In order to inspect the metal-rubber joints of the elements of a suspension 

component, the authors proposed a non-destructive method of ultrasonic echo technique. 

Non-destructive methods enable a full assessment of the adhesive joint, are performed in 

real time at any moment, even if only a fragmentary access to the test piece is possible. 

2. Experimental study 

The studies were carried out on a sample of a metal-rubber component shown in Fig. 1. 

 

Fig. 1. View of the metal-rubber component; 1-5 measurement points in one of the fourteen lines of 

measurement 

 Owing to the acoustic properties of the tested materials, the research was carried out 

from the external side of the component. The thickness of the external aluminum sheet was 

3mm. The tests were performed using an ultrasonic echo technique. Out of the admissible 

ultrasonic techniques the authors used the one in which the ultrasonic measure of quality of 

the adhesive joint is the reflection coefficient determined by relation 1. 
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where: 

r - reflection coefficient, h1 - height of the first pulse from the joint area, h2 - height of the 

second pulse of the joint area. 
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 The sample of the course of ultrasonic pulses obtained during the research and used 

at the stage of calculation of the reflection coefficient is shown in Fig. 2. 

 

Fig. 2. The course of the ultrasonic pulses reflected from the metal-rubber joint area 

 The authors have conducted studies using a digital ultrasonic flaw detector (Karl 

Deutsch ECHOGRAPH 1090), an ultrasonic transducer of the frequency of 20MHz and a 

water delay line made by Krautkramer. The ECHOGRAPH 1090 flaw detector has a 

compact size and allows obtaining stable (very useful for the tests) ultrasonic pulses of 

longitudinal wave. At the same time, the flaw detector allows a full registration of the 

obtained pulses during the research. The ultrasonic transducer has a water delay line of the 

frequency of 20 MHz. The transducer was selected because it allows conducting studies of 

elements of a relatively small thickness (in authors’ previous work this transducer was used 
for testing components of the thickness of 0.6 mm) and fitting properties given the shape of 

the tested piece (elastic rubber membrane). The view of the transducer used in the 

experimental study is shown in Fig. 3. 

a) b) c) 

 

 

 

Fig. 3. The ultrasonic transducer used in the study: a) view of the transducer, b) dimensions of the transducer, 

c) view of the fitting of the transducer in the test area  

 The ultrasonic transducer used in the study (G20MNX) had a near-field length of 

10.4 mm and the diameter of 3.6 mm. Research was divided into two basic stages – the 

non-destructive testing stage and mechanical validations. In the first one, on each of the 

tested elements grid measurement was applied and ultrasonic tests at designated points 

were performed (70 points on the circumference of component). The value of the ultrasonic 

pulses allowing the determination of the reflection coefficient was recorded. Then, all the 

samples were mechanically tested (the joints were broken) and their quality was assessed 

organoleptically. The view of an exemplary course of the pulses of ultrasonic wave 

reflected from the edge of the adhesive joint obtained during the test is shown in Fig. 4. 
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Fig. 4. The course of the ultrasonic pulses reflected from the metal-rubber area obtained in the research 

 To determine the measurement error of the test system, 30 independent consecutive 

measurements were performed at the same spot of the test piece at constant settings of the 

flaw detector. To estimate the average value, a 95% confidence half-interval was assumed 

(for results obtained during a series of measurements) according to expression 2. 

      95,095,0
2

1
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where: 

95,0L
2

1
 - 95% confidence half-interval, 

30;95,0t  - Student's t-ratio for the 30 measurements, with a significance level of 0.05, 

 - standard deviation of the measurements. 

 During the measurements, the height of the first two pulses received on the screen 

of the flaw detector was recorded and then the reflection coefficient was calculated. The 

results are shown in Table. 1. 

Table 1. Values of the reflection coefficient for 30 measurements 

No. 
Reflection 

coefficient 

 

No. 
Reflection 

coefficient 

 

No. 
Reflection 

coefficient 

1 0.23 11 0.23 21 0.23 

2 0.23 12 0.24 22 0.23 

3 0.25 13 0.22 23 0.22 

4 0.23 14 0.23 24 0.23 

5 0.22 15 0.20 25 0.20 

6 0.24 16 0.23 26 0.23 

7 0.23 17 0.23 27 0.23 

8 0.21 18 0.25 28 0.24 

9 0.25 19 0.24 29 0.23 

10 0.24 20 0.23 30 0.23 

 The calculated measurement error based on the value of the reflection coefficient is 

small and amounts to 0.024 [-]. 
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3. Results analysis 

During the research, the measurement was carried out on fifty elements. Each of them was 

measured at 70 points - five points on each of the fourteen lines evenly spaced around the 

perimeter of the tested component. Two examples of graphs showing the value of the 

reflection coefficient are shown in Fig. 5 and Fig. 6. The authors expected a reduced quality 

of an adhesive joint in the areas having an increased value of the reflection coefficient. 

 

Fig. 5. The relation between the reflection coefficient and the measurement position on the sample - sample 1 

 

Fig. 6. The relation of the reflection coefficient and the measurement position on the sample - sample 2 

 In order to verify the quality of the adhesive joints, the samples and ultrasonic test 

results were validated in a destructive test. The test specimens were divided into two 

groups. In the first group, according to the procedure used by the manufacturers of the 
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tested components, a part of the sample was pushed out on the press. The second method of 

component destruction involved cutting the aluminum sheet and detaching it from the 

rubber (similar to the studies of the bonded joint in the pilling test). In both groups of the 

destructive methods those areas were assumed as low quality where a separation of rubber 

from the metal element occurred (Fig. 7). The joints in which rubber cracking was detected 

were considered an area of good quality. The example view of such an area is shown in Fig. 

8. 

 

Fig. 7. The area of the rubber separation from the metal 

 

Fig. 8. The area of the rubber cracking  

 In the research over 3500 measurement points have been evaluated. The screen 

pulses obtained on the flaw detector (calculated based on their reflection coefficient) were 

divided into three groups. The pulses belonging to the first group are pulses on which the 

area is marked as very good joint quality, the pulses belonging to the second group are 

pulses being a combination of low quality areas of the joint. The pulses belonging to the 

third group are pulses for which it was difficult to clearly determine the joint quality 

(marked as doubtful). The analysis of the results of the mechanical tests revealed that most 
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of the doubtful pulses obtained from the studies were sections near the boundary areas of 

high and low quality joint. Based on the studies of the combination of rubber and aluminum 

components it was found that for the value of the reflection coefficient of less than 0.3 the 

joint is of high quality and for the value above 0.39 the joint is of low quality. Had the 

calculated parameter fallen in the range of 0.31 to 0.38 then the achieved pulses would have 

been doubtful, like the joints occurring at the border areas of high and low quality. 

4. Conclusion 

Based on the research the authors have reached the following conclusions: 

 The ultrasonic longitudinal wave allows assessing the joint between rubber and the 

aluminum component.  The value of the reflection coefficient of less than 0.3 characterized a high quality joint, 

and the value above 0.39 characterized a low quality of the joint between rubber and the 

aluminum for the selected group of tested components.  The non-destructive assessment procedure of the metal-rubber joint proposed in the 

paper can successfully phase out the destructive methods currently used at the stage of 

production. 

 In the next stage of the research the reflection coefficient calculated based on the 

height of the ultrasonic pulses should be compared with the forces required to destroy the 

joint between rubber and the aluminum substrate. 
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