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Abstract - Electromagnetic relays may fail after long-term usage, which is a regular incident. Electromagnetic relay plays a 

vital role in the interlocking of railway signalling systems. To run the train in fail-safe conditions, signalling components have 

to work correctly. The signalling relay is an empirical part of the signalling system. Silver-Impregnated Graphite (SIG) contacts 

are commonly used in the metal to carbon contact relay. Contact resistance becomes high. Disintegration of the contact surface 

occurs due to erosive wear. A thin film of sulphide and oxide is formed on it due to environmental stress, such as moistness, 

weather, oxidizing agents, etc. This paper deals with the contact failure analysis of both QN1 series relay contacts. Surface 

roughness analysis was done through 3D profilometry for both used and unused contacts. Roughness parameters have been 

calculated. SEM, EDS, and FESEM investigate silver-permeated graphite contact. Surface analysis of SIG contact involves 

employing SEM to examine the film deposition process, enabling thorough examination of surface attributes. The molecular 

components of this micro-coating have been investigated by using energy EDS for both SIG contact and silver contact. Oxide, 

carbide, and sulphide thin coating were identified. High-resolution images of the surface captured by FESEM and SEM feature 

roughness and a porous structure due to oxidation, sulphation, and corrosion of the contact surface. The investigation of relay 

contacts prior to thin layer development and successive to high contact resistance indicates that the persistent operation of QN1 

series relays culminates in mechanical weakening and transformation, ultimately leading to relay malfunction.  

Keywords - Signalling relay, Failure analysis, Roughness analysis, Scanning Electron Microscopy, Energy dispersive X-Ray 

spectroscopy, Field Emission Scanning Electron Microscopy. 

1. Introduction  
Electromagnetic relay serves as a crucial circuit breaker 

for diverse applications such as railway signalling systems, 

aerospace, electric vehicles, military, smart grids, hybrid 

electric vehicles, etc. [1]. Relay failures can result in 

electronic/electrical device malfunctions. The relay’s 

reliability significantly affects the overall dependability of the 

electrical system. Roughly 70% of relay failures stem from 

contact issues [2].  

Railway signalling relays are used for high-safety 

purposes. Electromagnetic relays function under varied 

conditions, each with unique variables like temperature, 

storage, dust, transport, humidity, and vibration. Ion 

deposition in the contact surface over many years results in 

ageing. Temperature fluctuations influence relay parameters 

and can lead to elevated contact resistance. In addition to that, 

humidity is one of the factors of surface oxidisation that leads 

to contact corrosion; another contaminant present on the 

surface causes sulphation, carbide formation, and contact 

resistance to be significantly high, and the relay failed [3].  

The integration of electromagnetic relays is essential 

within railway signalling systems. These relays in railway 

signalling are grouped by various types, such as mounting on 

plug board, AC-DC supply, contact types (metal or carbon), 

and line and track relays. Factors like atmosphere, overuse, 

and improper contact can lead to material failure and deviation 

from intended logic.  

The failure of metal-to-carbon relays may cause 

significant economic loss for railway transportation 

organizations. In this context, it is of utmost need to study and 

analyze the operating behaviour and failure pattern of the relay 

to maximize its reliability [4].  

The reasons related to this electromechanical relay failure 

can be categorized as follows [5]: 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
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• Different external reasons, such as discontinuous power 

supply, defective wearing or blowing-off of fuses, and 

• Various internal reasons, such as manufacturing defects, 

poor component quality and malfunctioning of relay 

components. 

Apart from the reasons mentioned above, there are several 

other causes like high contact resistance, coil breakage, coil 

burning, foreign matter interference, sulphation of 

springs/connectors, breakage of an armature, relay cover, and 

slipping of retaining clips [6, 7] which are reported for 

analysing performance in modern maintenance technologies 

and practices, to find potential risks of unexpected failures in 

a relay. Any deficiencies in the relay manufacturing process 

result in instant failure when installed in the circuit. All these 

kinds of failures suggest the need for a reliability analysis of 

the product outcome [8].  

In continuation of this, the high contact resistance 

developed in the Silver-Impregnated Graphite (SIG) contact 

[3] seems to be one of the reasons for the poor reliability of 

metal-to-carbon relays. A thin film layer of oxide and sulphide 

may also be found on the Silver-Impregnated Graphite (SIG) 

contact.  

A detail of surface topography inspection based on SEM 

analysis of failed relays of the SIG contact gradually becomes 

an important research area of interest. In another application, 

the relay within military weapon systems is subject to 

thorough scrutiny and evaluation examination [9].  

The decomposition of these systems causes the gradual 

buildup of polluting agents on contact surfaces, ultimately 

leading to relay failures [10]. Contact adhesion arises from the 

erosion of the coated contact material, leading to an increase 

in contact resistance and ultimately causing relay failures. 

Furthermore, contact adhesion has a significant impact on the 

lifespan of electromechanical relays [11, 12].  

In another research work, in order to evaluate relay 

reliability, testing involves applying various loads using 

capacitors, subjecting them to varying current levels across 

numerous cycles to assess relay reliability [13-15]. Therefore, 

to better understand the structural changes in movable and 

fixed contacts, a degradation model was used to simulate the 

relay in this research [16, 17]. The experiment was conducted 

with 1000 and 6000 cycles. Demonstrate the involvement of 

polymer decomposition, which plays a role in arc erosion. 

This arc reaction led to the formation of oxide contaminations, 

with the detection of phosphorous on the contact surface [18, 

19].  

Furthermore, contact surface erosion was observed 

during stress and the formation of a molten arc. To combat 

corrosion and prolong contact lifespan, a thin coating with 

solid or semi-solid lubricants of carbon allotropes can be 

applied. Additionally, the use of composite and layered 

materials can help mitigate damage to the contact interface 

[20-22].  

The examination involved graphene-coated contacts with 

various coating depths, comparing their effects to those of 

different thin-layer coatings using finite element analysis. To 

prevent relay failures, careful selection of contact materials is 

crucial, aiming for elements that enhance lifespan and 

withstand adverse atmospheric conditions. 

Therefore, evaluating contact surfaces is essential. 

FESEM is a valuable tool for inspecting cell and material 

surfaces, particularly for detecting mechanical deformation on 

relay contact surfaces [23, 24]. EDS identifies the distribution 

of chemical contaminants on contact interfaces, with energy 

distribution revealing the mass concentration of surface atoms 

[25].  

In another context, surface roughness parameters analysis 

using a profilometer is a practical approach. Various 

techniques encompass visual evaluation, SEM, profilometer, 

laser, specular reflectance, and AFM [26, 27].  

A comparative approach between SEM and profilometer 

has been taken. The objective was to assess the efficacy and 

practical applicability of indirect method for characterizing 

surface topography. SEM images visually describe subjective 

information about the surface topology, but profilometry 

showed better results for high dispersion. Profilometry proves 

to be a valuable and efficient tool compared to other analyses 

[28]. 

In this proposed work, a novel methodology has been 

applied to an electromechanical railway signalling relay with 

metal-to-carbon contact. As discussed, the resistance of the 

contact surface became high after thousands of switching 

operations. The operating contact resistance of the QN1 series 

relay is less than two hundred milliohms. After thousands of 

operations, contact resistance becomes more significant than 

two hundred mili-ohms, and safety issues arise for train 

movement.  

Previous research work focused on the contact resistance 

of the relay contact, which had increased and reliability is 

poor. However, surface failure analysis has not been done. 

Here, a detailed failure analysis has been done in this proposed 

work. Reduction reaction and oxidation occurred on the metal-

to-carbon surface.  

A similar kind of work has been done using regular 

electrical relays and aerospace relays. However, the proposed 

methodology has been applied to the QN1 series relay with 

sixteen different types of contacts.  
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Fig. 1 QN1 series signalling relay and relay contacts dismantled SIG 

contact and silver contact 

Table 1. Factors for relay failure 

Cause of Relay Failure Percentage of Failure 

High Contact Resistance 85 

Coil Defect 5 

Holding Clip Broken 5 

Others 5 

 

The metal-to-carbon contact relay has a graphite contact, 

which is a movable contact, and a silver contact, which is a 

fixed contact. Graphite contact is a softer material than silver 

contact; for that reason, mechanical damage occurs on the 

surface of the contact surface. 

Hence, there are other reasons for the mechanical damage 

on the surface that was previously mentioned. Surface 

roughness was analysed using 3D profilometry. The 

roughness of the surface of the relay maximizes after certain 

mechanical damages.  

Moveable graphite contact roughness parameters have 

been analysed under varying circumstances. As the contact 

resistance became high, the relay failed. A thin film layer of 

oxide and sulphide may also be found on the Silver-

Impregnated Graphite (SIG) contact previously mentioned.  

A detailed surface topography inspection based on SEM 

analysis of failed relays of the SIG contact and silver contacts 

are the research objectives of the proposed work. Therefore, 

the graphite contact surface is examined preceding and 

succeeding failure to find the reasons for relay contact failure. 

FESEM and SEM analyses were done on the graphite contact 

surfaces. 

EDS was also performed on the silver contact and 

graphite contact pre-failure and post-failure to find the 

chemical distribution of elements on the surface. From 

January 2016 to April 2016, South-Eastern Railway faced 

multiple relay failures, and the corresponding factors of relay 

failure data are shown in Table 1. 

2. Materials and Methods  
A signalling relay with a carbon contact relay is used here. 

Metal-to-carbon contact relays are used in various signalling 

circuits. These relays have silver and silver-impregnated 

graphite (carbon).  

The make-and-break sequences mimic various choices 

within signalling circuits. The signalling relay consists of 

contacts, coil, and spring. Here, we have used a QN1 series 

plug-in type relay in this work. QN1 series signalling relay and 

its dismantled SIG contact and silver contact are shown in 

Figure 1. It has eight front contacts and eight back contacts. 

The operating voltage is 24V relays.  

Pickup time is 150 ms and discharge time is 20 ms. 

Operating current 60mA, Maximum pickup voltage 19.2 V 

and DA volts 3.6V. Before the failure, the contact surface was 

smooth and free from irregularities, but after the failure, a 

detailed analysis was done for both contacts. 

2.1. Surface Topography Analysis 

In this research, a plug-in type signalling relay with a to-

carbon contact relay is used for surface anatomy analysis. 

Roughness parameters have been analysed using 3D 

profilometry.  

The graphite contact surface roughness parameter has 

been analysed before the knocking condition and after ten 

thousand knocking conditions in 2D and 3D dimensions.  

Therefore, arithmetic average roughness (Ra), R.M.S 

average roughness (Rq), maximum profile peak height (Rp), 

maximum profile depth (Rv), sum of the maximum peak 

height and maximum profile depth (Rt) has been calculated 

using the formulas below. 

0
1/ | ( ) |

l

Ra l y x dx=                            (1) 

( ) 
0

1 l

Rq y x
l

=                               (2) 

max( )piRp y=                                 (3) 
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max( ) max( )pi viRt y y= +             (4) 

max( )viRv y=                                 (5) 

Hence, in more detail, anatomy has been analysed 

through FESEM and SEM, providing high-resolution 

magnifications. Graphite contact has been examined, 

preceding and succeeding failures in various magnified 

images. EDS has investigated fixed silver and graphite contact 

preceding and succeeding failure conditions. EDS was 

performed to find the chemical content of the elements present 

on the contact interface. 

3. Results and Discussion 
The performance of the contact interface was observed at 

different conditions of relay contact failure. Section 3.1 

deliberates the performance of the SIG contact pre-failure and 

the post-failure conditions. In the study of failures, movable 

SIG contact was considered because SIG contact material is 

softer than fixed silver contact. SIG and silver contacts of the 

relay preceding and ensuing failure states are examined 

separately, and outcomes are explored intricately in Section 4. 

3.1. Analysis of SIG Contact Failure 

The contacts were examined intricately to investigate the 

malfunction of the QN1 series relay. A relay ahead of 

breakdown has been considered here. A SIG contact surface 

roughness has been tested via 3D profilometry and surface 

topography using FESEM, SEM, and EDS at pre and post-

failure conditions. 

3.1.1. Roughness Analysis 

SIG contact surfaces with dimensions of length 4.7 mm 

and width 4.5 mm have been investigated through a 3D optical 

surface profiler manufactured by Bruker surface roughness 

before knocking condition. Figure 2, and Figure 4 show the 

2D surface roughness of the SIG contact before failure, as well 

as Figure 3, and Figure 5 shows 3D surface roughness of the 

SIG contact before failure. One another SIG contact has 

investigated after ten thousand of knocking failed condition.   

Figure 6 shows the 2D surface roughness of failed SIG 

contact, and Figure 7 shows 3D surface roughness after 10,000 

knockings of SIG contact. Figure 8 shows the 2D surface 

roughness of SIG contact under post-failure conditions, and 

Figure 9 shows the 3D surface roughness of SIG contact under 

post-failure conditions after 15,000 knocking.  

The surface roughness parameter was measured before 

the knocking of SIG contact, and the surface roughness 

parameters after 10,000 and 15,000 knockings are shown in 

Table 6. And Table 7 arithmetic average roughness (Ra), RMS 

average roughness (Rq), maximum profile peak height (Rp), 

maximum profile depth (Rv), sum of the maximum Peak 

height and maximum profile depth (Rt) has been calculated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Surface roughness of SIG contact before knocking (2D-sample 1) 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Fig. 3 Surface roughness of SIG contact before knocking (3D-sample 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 Surface roughness of SIG contact before knocking (2D-sample 2) 
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Fig. 5 Surface roughness of SIG contact before knocking (3D-sample 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6 Surface roughness of SIG contact post-failure (2D-sample 3) 

 
 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 
 

 

 

 

Fig. 7 Surface roughness of SIG contact post-failure (3D-sample 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         Fig. 8 Surface roughness of SIG contact post-failure (2D-sample 4) 

 

 

 

 

 

 

 

 

 

Fig. 9 Surface roughness of SIG contact post-failure (3D-sample 4) 

3.1.2. FESEM Analysis 

The FESEM is employed to investigate the surface 

topography of contacts. It displays the images at various 

magnifications. Figure 10 shows the movable SIG contact 

surface of the relay under FESEM investigation at distinct 

levels of magnification.   

Similarly, Figure 11 shows the SIG contact surface 

morphology of failed SIG contact under FESEM inquiry at 

different magnifications. Figure 10(a) shows dismantled SIG 

contact using a 64MP rear phone camera.  

Figures 10(b), 10(c), and 10(d) show SIG contact surface 

under FESEM investigation of 500µm, 50µm, and 40µm 

magnification before failure. Similarly, Figures 11(a), 11(b), 

and 11(c) show SIG contact surface under FESEM 

investigation of 50µm, 40µm, 2µm, and 500nm magnification 

after failure. 
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(a)                                                           (b) 

  
(c)                                                      (d) 

Fig. 10 FESEM image of the surface of SIG contact before failure  

(a) Dismantled SIG movable contact, (b) 500µm, (c) 50µm, and  

(d) 40µm. 

  
(a)                                                         (b) 

  
(c)                                                       (d) 

Fig 11. FESEM image of the surface of SIG contact after failure (a) SIG 

contact surface at 50 µm, (b) 40 µm, (c) 2 µm, and (d) 500 nm. 

In Figure 10, the SIG contact of the relay before failure 

shows a nearly smooth surface. Movable SIG contact material 

is made of graphite, which is softer than fixed silver contact 

material. Load, stress, and environmental stress conditions 

affected the contact surface of the movable SIG contact. 

Figure 11 shows the rough surface of the contact due to 

erosion, arching, and molten signs present on the surface of 

the SIG contact. The surface of the contact became porous, 

and molten metallic particles were present on the micrograph. 

A thin film has formed due to dirt, debris, impurities on the 

surface or due to oxidation, sulphation, or corrosion. Figures 

11(c), and 11(d) show molten lumps and adhesion on the 

surface. 

3.1.3. SEM Analysis 

The SEM is applied to examine the surface morphology 

of different samples of the SIG contact. Figure 12, Figure 13, 

Figure 14, and Figure 15. (Sample A, Sample B, Sample C, 

Sample D) show various types of surface failure. Figure 12, 

SIG (Sample A) clearly shows contact adhesion occurred, and 

the surface became porous; holes and dust particles are visible 

in Figures 12(a), and 12(b). In Figures 12(c), and 12(d) 

magnified 100 µu and 50 µu images show micro-cracks and 

micro protrusion due to contact pressure, surface irregularities 

and material properties. Contact surfaces exhibit massive heat, 

which causes micro protrusion and micro cracks. various 

mechanical damage erosion, cracks, and holes are visible on 

the surface of the contact. 

Irregularities present in the surface of the SIG contact 

surface (Sample B) are shown in Figure 13. Cavities and 

molten particles are observed on the SIG contact surface of 

movable contact in Figures 13(a), 13(b), and 13(c). Electrical 

arcing generates excessive heat. The heat vaporizes the 

contact material and erodes, leaving behind cavities and 

molten particles on the surface of the contact. The contact 

material gradually erodes over time due to electrical current 

and mechanical stress, causing holes to develop. Dust and 

contaminant particles caused localized corrosion or erosion, 

which contributed to hole formation. In Figure 13(d), a molten 

particle is shown. In Figures 14(a), and 14(b) molten particle 

particles appeared on the SIG contact (Sample C) surface due 

to intense electrical arcing during switching operations.  

In Figure 14(d), magnified dust, dirt, and other 

contaminants were found on the surface of the relay contact, 

which caused localized areas of increased resistance. A thin 

film has formed on the surface of SIG contact. In Figure 15 

(Sample D), a porous scalable surface is shown. Cavity, 

molten particles clearly visible in Figures 15(a), 15(b), 15(c), 

and 15(d) shows dust particles. 

3.2. EDS Analysis 

EDS analysis is used to assess the elemental composition 

of relay contact surfaces, employing X-rays to identify and 

quantify elements for quality control and reliability 

assessment. EDS analysis was performed for both moveable 

SIG contacts and fixed silver contacts. Figure 16 shows the 

spectral energy distribution of the element present on the 

surface of the SIG contact. The approximation of silver 

contact under EDS is shown in Figure 17. The mass 

percentage and atomic percentage of SIG contact and silver 
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contact are depicted in Table 2, and Table 3. From the results, 

SIG contact before failure had no free carbon granules present 

on the surface. Oxygen content was less in fresh SIG. The 

silver content was present in fresh SIG. Fixed silver contact 

before failure content silver, carbon, oxygen, and silver. 

Similarly, EDS delivers energy spectrum for SIG 

spectrum and silver contact after failure. In Figure 18, and 

Figure 19 the energy spectrum of SIG contact and silver 

contact are shown. It is observed from Table 4 that oxidation, 

sulphation, and carbide formation happen, which causes high 

contact resistance on the SIG contact after failure. Besides 

other chemical impurities viz silicon dioxide, potassium 

oxide, zinc oxide, and calcium carbonate are present on the 

surface of the SIG contact.  

Hence, Table 5 shows that after the failure of silver 

contact, silver content decreased from 85.01% to 77.15% in 

the failed sample. This suggested that the silver element had 

eroded after failure. A thin film develops on the SIG contact 

surface due to repeated contact cycling in relay operations. 

This film, in turn, triggers electrical arcing between the silver 

and SIG contacts, resulting in higher contact surface 

temperature.  

The SIG contact, being softer than the silver contact, 

undergoes dislodgment of graphite material due to the 

persistent impact from more challenging silver contact during 

relay operation. From EDS analysis, it is observed that in 

addition to chemical impurities, the Sig contact surface may 

also accumulate contaminants such as atmospheric dust, 

silicon particles, sediment, and oil. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 12 SEM image of the surface of SIG contact (Sample A) after 

failure (a) SIG contact surface at 30 µm, (b) 50 µm (c) 100 µm, and  

(d) 50 µm. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 13 SEM image of the surface of SIG contact (Sample B) after 

failure (a) SIG contact surface at 30 µm, (b) 50 µm (c) 100 µm, and  

(d) 50 µm. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 14 SEM image of the surface of SIG contact (Sample C) after 

failure (a) SIG contact surface at 30 µm, (b) 50 µm (c) 100 µm, and  

(d) 50 µm. 

Contaminants may arise from relay outgassing and 

catalytic effects during organic vapour decomposition in the 

presence of electrical arcs. These substances combine under 

high temperatures and arcing, leading to the formation of a 
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complex carbon film on the SIG contact surface. This film 

thickness and growth rate depend on graphite material 

properties, surrounding atmosphere, temperature, and 

duration. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 15 SEM image of the surface of SIG contact( Sample D) after 

failure (a) SIG contact surface at 30 µm, (b) 30 µm (c) 30 µm, and  

(d) 50 µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 16 EDS image of the surface of SIG contact before failure 

Table 2. EDS of silver contact before failure 

Element Weight (%) Atomic (%) 

CK 8.80 39.47 

OK 5.09 17.15 

ZnL 1.10 0.91 

AgL 85.01 42.47 

Table 3. EDS of SIG contact before failure 

Element Weight (%) Atomic (%) 

CK 51.92 88.29 

OK 2.40 3.06 

AgL 45.69 8.65 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 17 EDS image of the surface of silver fixed contact before failure 

 

 

 

 

 

 

 

 
Fig. 18 EDAX image of the surface of SIG contact after failure 

Table 4. EDS of SIG contact after failure 
Element Weight (%) Atomic (%) 

CK 13.99 45.75 

OK 10.97 26.93 

ClK 5.12 5.67 

ZnL 2.11 1.27 

AgL 1.63 0.59 

SnL 51.22 16.95 

PbM 14.96 2.84 
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Fig. 19 EDAX image of the surface of silver contact after failure 

Table 5. EDS of silver contact after failure 

Element Weight (%) Atomic (%) 

CK 22.27 71.79 

SK 0.29 0.35 

ZnL 0.29 0.17 

AgL 77.15 27.69 

Table 6. Roughness parameter for SIG contact before knocking and 

after 10000-knocking 

Label 

Average 

Value before 

Knocking 

Value after 10000 

Knocking 

Ra 0.513 µm 1.12 µm 

Rp 4.762 µm 6.367 µm 

Rq 0.701 µm 1.651 µm 

Rt 10.387 µm 16.465 µm 

Rv -5.625 µm -10.098 µm 

Table 7. Roughness parameter for SIG contact before knocking and 

after 15,000-knocking 

Label 

Average 

Value before 

Knocking 

Value after 

15,000 Knocking 

Ra 0.526 µm 0.978 µm 

Rp 3.537 µm 6.367 µm 

Rq 0.676 µm 1.421 µm 

Rt 10.822 µm 13.086 µm 

Rv -7.285 µm -7.983 µm 

Here, FESEM and SEM showed mechanical 

imperfections on the interaction surface of the SIG contacts. 

FESEM has magnified sample images in the 200 nm range. 

Mechanical damages are clearly visible. FESEM & SEM 

images were thoroughly recorded at various spectra, ranging 

from 2µm, 30µm, 40µm, 50µm, 100µm, and 200nm, to offer 

a comprehensive view of the various mechanical damages viz. 

surface irregularities, molten particles, holes, micro crack, 

micro protrusion, corrosion, cavities, dust, etc. EDS analysis 

represents the chemical composition of the element at 

mechanical destruction. EDS analysis also shows that 

oxidation, carbide formation, and sulphation on the surface of 

the contact erode contact material. Resulting in high contact 

resistance failure.  

To enhance the reliability of electromagnetic relays, it is 

essential to prioritize regular maintenance, prevent 

manufacturing damage, and choose materials resistant to 

structural changes; compound composites or layered material 

may be introduced for coating. Roughness parameters have 

been calculated for fresh SIG contact, and roughness 

parameters have been calculated after 10,000 and 15,000 

thousand knocking. Surface parameters have been calculated 

using Equation no. (1), (2), (3), (4), and (5).  

Surface parameters of fresh SIG contact before knocking 

were as follows: Ra = 0.314, Rp = 4.829, Rq = 0.413, Rt = 

9.209 and Rv = -4.38. After 10,000 knockings, the SIG surface 

roughness parameters are as follows: Ra = 1.12, Rp = 6.367, 

Rq = 1.651, Rt = 16.465, and Rv = -10.098. Another sample 

fresh SIG contact before knocking were as follows, Ra = 

0.526, Rp = 3.537, Rq = 0.676, Rt = 10.822 and Rv = -7.285, 

and after 15,000 knocking SIG contact surface parameters are 

as follows: Ra = 0.978, Rp = 6.367, Rq = 1.421, Rt = 13.0.86 

and Rv = -7.983.  

Failed SIG contact after 10,000 and 15,000 knocking top 

layers roughness parameters are compared with fresh SIG 

here. Average roughness and profile depth have shown 

adhesion occurred at the relay contact. 

4. Conclusion 
In this work, failure analysis has been conducted on both 

stationary and moving relay contact surfaces. Failure analysis 

has been done for SIG contact under pre- and post-failure 

conditions. The goal was to investigate the microscopic 

factors contributing to the failure mechanism in metal-to-

carbon relays, focusing on examining mechanical 

imperfections to determine the root causes of the failure. To 

support the context described above, surface roughness, 

FESEM, SEM, and EDS were conducted.  

Roughness parameters have shown mechanical damages 

occurred after 10,000 and 15,000 knocking with respect to 

fresh SIG contact before knocking. Repetitive surface 

knocking poses a significant risk of causing severe mechanical 

damage, particularly when exposed to environmental stress 

conditions. The ongoing impact and friction contribute to 

accelerated wear and tear. Profilometric images vividly 

illustrate the extent of the mechanical damages, emphasizing 

the need for proactive solutions.  
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The moveable outer layer of the relay, when influenced 

by environmental factors such as moisture, dust, and excessive 

eating due to sparking roughness, becomes enhanced from 

standard unexposed contact. The anatomy of relay contact 

using FESEM, SEM, EDS analysis on moving contact, and 

EDS on stationary contact surfaces was conducted. Failure 

analysis has been done for SIG contact under antecedent and 

subsequent defective conditions. FESEM micrograph white 

region electron beam gathered more information concerning 

the black region.  

SEM findings reveal that mechanical damage is attributed 

to melting cues and decomposition on the interface region. 

Airborne Oxygen in the atmosphere speeds up the oxidation 

process, and the generation of sulphide and carbides due to 

atmospheric exposure indicates contact material corrosion and 

erosion. EDS result proves the material chemical constitution 

of the element found on the interface. A thin film formed on 

the surface due to dust particles, debris, and impurities due to 

oxidation, sulphation, and corrosion. A thin film has low 

conductivity. 
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