






 



5 

 

1 Introduction  

Small-calibre guns are extensively used in modern military operations due to their 

compactness, ease of handling, and rapid-fire capabilities. One of the critical safety features 

incorporated into these weapons is a locking mechanism designed to prevent unintentional 

discharge due to accidental pressure on the trigger. This mechanism ensures operational safety 

under normal conditions and is crucial for preventing mishandling-related incidents. However, 

this safety feature poses a strategic limitation in specialized scenarios, such as ambushes or 

secret mission, where silent operation is crucial. The distinctly audible sound generated during 

the locking and unlocking operations can reveal a soldier’s position to nearby enemies. Even 

small mechanical sounds can put the mission and soldiers at risk. Recognizing this operational 

challenge, the current study focuses on exploring methods to reduce the sound level produced 

during the locking and unlocking of small-calibre guns without compromising the mechanical 

integrity or safety of the weapon. The aim is to modify or innovate the existing locking 

mechanism so that it remains functionally reliable and perceptible to the user, while keeping 

the sound low enough to avoid alerting the enemy. By addressing this balance between safety 

and secrecy, this study aims to enhance the strategic effectiveness of small arms in sensitive 

military operations.  

2. Problem Statement 

The need for noise reduction in the locking and unlocking mechanism of small-calibre guns 

was raised by end users involved in ambush operations. While the users expressed concern 

regarding the audible sound level during the locking-unlocking operations, no specific data or 

performance benchmarks were provided regarding the existing sound level or desired 

reduction. To address this gap, an initial investigation was conducted using the INSAS MARK 

1 gun, a standard gun in operational use by the Indian Army. Experimental observations 

revealed that the average sound generated during the locking and unlocking operations was in 

the range 68–76 decibels (dB), measured using a Class 1 dB meter. In quiet environments such 

as during ambush missions, this level of sound may be sufficient to be detected by nearby 

enemies or even noise-sensitive animals, potentially indicating the soldier’s position. 

The aim of this study is to develop a solution that reduces the locking-unlocking sound 

to a level perceptible to the user but not to surrounding entities that could alert enemies.  Since 

no target dB level was specified by the user, the goal is to reduce the sound to a level low 

enough to merge with the natural background noise found in outdoor environments such as 
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forests or hills. The solution must ensure that the weapon’s mechanical integrity and safety are 

not compromised. Additionally, no changes to the original materials are permitted.   

3 Objective of the Project 

The objective of the project is to innovate the current locking mechanism of a small-calibre 

gun by reducing the sound (dB level) created during the locking-unlocking operations of the 

safety mechanism. 

4 Proposed Methodology 

Three different routes were proposed initially without doing any major changes 

in the existing locking mechanism as follows: 

 

a) Surface Engineering Process: 

Applying surface coating on the ratchet wheel and the plunger (locking lever) with compatible 

sound-absorbing materials: Different types of sound-absorbing coating materials, e.g., 

ceramic coatings etc. can absorb the sounds generated due to metal-to-metal impact [1– 

4]. The composition of the coating and the thickness determine the compatibility with 

the base metal and its effectiveness. Extensive experiments will be carried out by 

varying the coating material and thickness to arrive at the best combination without 

compromising its functionality and performance. 

 

b) Stiffness Optimization of Spring:  

Optimizing the stiffness of the spring used for engagement and disengagement of the locking 

mechanism: The spring force plays an important role in the sound level generated. Theoretical 

and experimental analysis will be carried out for optimizing the spring stiffness, which is 

affected by the wire diameter, coil diameter, number of turns and modulus of rigidity. 

 

c) Tolerance Analysis:  

To optimize the tolerance for resistive release of the lock to reduce the metal-to-metal impact 

velocity and sound level. 

The proposed methodology is divided into the following activities: 

i. Selection of a suitable coating material for attenuation of sound produced by 

metal-to-metal impact velocity. 
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ii. Application of identified coating materials with varying thickness on the test 

specimen suitable as per tolerance. 

iii. Experimentation on measurement of sound level (dB) produced by the locking-

unlocking assembly during locking and unlocking with coated components. 

iv. Adhesion test and wear test on the coated surface to check the bond strength of 

the coating and its wear life. 

v. Optimization of the coating material and thickness through above 

experimentations and tests. 

vi. Design and development of the spring with optimized stiffness. 

vii. Tolerance optimization of the related mechanism for resistive release of the 

locking mechanism to reduce metal-to-metal impact velocity and sound level. 

5 Analysis of Existing Locking Mechanisms 

The locking and unlocking mechanism of the INSAS MARK 1 gun consists primarily 

of a ratchet wheel, plunger, and a compression spring. These components work together to 

engage or disengage the safety mechanism.  

5.1 Working Principle and Sound Generation 

The working principle of the locking and unlocking mechanism responsible for generating 

audible sounds was visually inspected and is described below. 

Locking Operation 

Rotation of the Ratchet Wheel: When the user initiates the locking motion by turning a safety 

lever, the ratchet wheel rotates to a specific position. This wheel has slots that provide discrete 

locking step.  

Plunger Engagement: A spring-loaded plunger is positioned to rest against the slot of the 

ratchet wheel. As the wheel rotates, the plunger is compressed and then moved into a specific 

slot or groove, where it is held there firmly by the spring. This action creates a sharp clicking 

sound due to metal-on-metal contact. 

Spring Force: The tiny spring behind the plunger stores energy during compression and 

releases it quickly when the plunger drops into the ratchet slot. This sudden release contributes 

significantly to the audible click during locking. 
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Unlocking Operation 

Reverse Rotation: During unlocking, the ratchet wheel rotates in the opposite direction, 

repeating the same cycle of plunger compression and release, generating a similar click. 

5.2 Primary Sources of Sound and Targeted Solution 

The primary sources of sound are identified as 

 Metal-on-metal contact between the plunger and the ratchet slots, and 

 Sudden spring action that drives the plunger into position 

The dominant clicking sound occurs due to the interaction between the plunger and the 

ratchet wheel, driven by spring force, and is present during both locking and unlocking 

operations. Although these sounds provide useful feedback to the user, they may alert the 

enemies to ruin the ambush mission. Therefore, targeted sound reduction efforts were focused 

on modifying the contact surfaces or adjusting the spring characteristics, without altering the 

original materials, in accordance with project constraints.  

6 Design Modifications and Innovations 

To achieve the objective of reducing the locking and unlocking sound in the INSAS 

Mark 1 gun, three technical approaches were initially proposed as discussed in Section 4: 

1. Application of specialized surface coatings to reduce metal-on-metal impact noise 

2. Modification of spring stiffness to reduce the intensity of the plunger’s movement 

3. Tolerance analysis of mating components to minimize play and vibration 

Requests were made by the PI through the funding agency to ARDE, Pune, the original 

designer of the weapon, for providing the component drawings with specified tolerance values. 

However, no formal response was received from ARDE. As a result, it was decided to drop the 

third route, i.e., tolerance analysis, and proceed with the first two approaches.  

To perform experiments related to the first two approaches, 20 sets of components (each set 

comprising a ratchet wheel, plunger, and spring) were obtained from the Indian Army through 

proper channels. The methodologies followed in the coating application and spring 

modification are described as follows. 
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6.1 Surface Coating Approach 

The surface coating was proposed to be carried out through an external research service 

provider, due to the unavailability of coating facilities at Tezpur University and the limited 

project funding. However, external support for the coating process was initially difficult to 

secure. After several setbacks, assistance was eventually obtained from Mr. Sandeep Soley of 

Dazzle Dyna Coat, Maharashtra, through a contact facilitated by ARDE, DRDO. A limited 

number of components were successfully coated and tested for sound attenuation using an 

INSAS MARK 1 gun, with the support of the 68 Engr. Regt. of the Indian Army stationed at 

Solmara, Tezpur. However, the coating thickness and composition were not disclosed by the 

service provider. Consequently, only qualitative observations on sound reduction were 

possible, and precise material characterization could not be performed.  

Initial sound tests were conducted using a mobile app-based dB meter. Later, a precise 

digital dB meter was procured within the project budget, and all subsequent measurements 

were conducted using this calibrated device, ensuring greater accuracy. 

6.2 Spring Modification Approach 

The second approach focused on reducing the spring stiffness through heat treatment at 

various temperatures, ranging from 200 °C to 600 °C. Before and after the heat treatment 

cycles, the stiffness of each spring was measured to evaluate the degree of reduction. Following 

this, a series of controlled tests were carried out using the INSAS MARK 1 gun to assess the 

impact of reduced spring stiffness on sound generation during locking and unlocking. This 

method resulted in a measurable reduction in sound and contributed to the overall solution. The 

heat treatment was performed using a muffle furnace in the Department of Mechanical 

Engineering at Tezpur University.  

7 Experimental Details 

The experimental study was carried out in three successive stages to assess the impact 

of surface coatings and spring stiffness modifications on the sound level during the locking and 

unlocking operations of the INSAS MARK 1-gun safety mechanism. Each stage of the 

experiment was designed to independently assess the impact of individual modifications, 

followed by an evaluation of their combined effect on the overall sound levels during the 

locking-unlocking operation of the mechanism. 



10 

 

7.1 Stages of Experiments 

To achieve the objective of sound attenuation during the locking and unlocking 

operations of the safety mechanism of INSAS MARK 1 gun, the experimental work was 

structured into the following three stages: 

7.1.1 Stage 1: Application of Surface Coating and Sound Measurement 

In the first stage of the study, the contact interfaces between the ratchet wheel and the 

plunger were coated by Mr. Sandeep Soley of Dazle Dyna Coat, Sangli, Maharashtra. To 

facilitate this, a limited number of ratchet–plunger pairs from the actual gun safety mechanism 

as received from Indian Army were provided to the supplier. The coatings were selected by the 

supplier based on our requirement for sound absorption and the availability of materials at their 

facility. Initially, the supplier was also unsure which coating would be most effective in 

attenuating sound. As a result, five coatings were applied on a trial-and-error basis. These 

coatings were visually identified by their colours: green, black, matt black, grey, and white. 

However, no information regarding the chemical composition or thickness of the coatings was 

disclosed by the supplier. The coated samples were then assembled into the locking mechanism 

of the INSAS MARK 1 gun. To evaluate the effectiveness of each coating, sound level 

measurements were performed during the locking and unlocking operations. A mobile app-

based sound level meter (dB meter) was initially used for this assessment. Measurements were 

taken at fixed distances ranging from 0 to 3 meters from the source, simulating practical field 

conditions. Multiple readings were recorded for each coated configuration at each distance, 

and the results were averaged. Baseline measurements using uncoated, as-received components 

were also taken under identical test conditions for comparison. 

Based on the initial results, the two coatings that demonstrated the most significant 

reduction in sound levels were selected for further investigation. To study the influence of 

coating thickness, additional ratchet–plunger pairs were sent to the supplier for surface 

treatment. However, the coated samples were returned without any accompanying information 

regarding the coating thickness or chemical composition. Instead, the supplier labelled the 

coated sets with markings such as Sample 1, Sample 2, Sample 3 etc., presumably 

corresponding to varying, but undisclosed, coating thicknesses. Given the lack of quantitative 

data, the effect of the coloured coatings on sound attenuation could only be qualitatively 

assessed. A few additional rounds of coated samples were later provided by the supplier, again 
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without any technical details about the coatings. These samples were tested to further evaluate 

the role of surface coating in reducing sound levels. For all subsequent tests in this stage, a 

calibrated precision sound level meter, procured specifically under this project, was used to 

ensure greater accuracy and reliability in the measurements. 

7.1.2 Stage 2: Spring Stiffness Characterization and Heat Treatment 

In the second stage, the focus was on evaluating the role of spring stiffness in 

influencing the sound attenuation performance of the mechanism. The original, as-received 

spring used in the locking system was tested to determine its initial stiffness using a Spring 

Stiffness Testing Machine procured under this project. Following this, a heat treatment process 

was conducted using a muffle furnace available in the department of Mechanical Engineering, 

Tezpur University.  The springs were subjected to incremental heat treatment at temperatures 

ranging from 200 °C to 600 °C. Post heat treatment, the stiffness of each spring was re-

evaluated using the same testing apparatus to examine the changes induced by thermal 

treatment. Subsequently, both treated and untreated springs were integrated into the gun 

mechanism paired with uncoated ratchet-plunger surfaces to perform sound level 

measurements under the same test procedure as described in Section 7.1.1. This allowed a 

direct comparison of the reduction in sound levels resulting from variations in spring stiffness 

alone. 

7.1.3 Stage 3: Combined Effects of Coating and Spring Stiffness 

In the third and final stage, the combined influence of surface coatings and heat-treated 

springs was assessed. The best coated samples with a specific colour code were paired with the 

treated springs that showed the most significant change in stiffness. The composite assemblies 

were again mounted onto the gun mechanism, and sound level measurements were performed 

as per the same procedure. The results from these measurements were compared with four key 

baseline configurations: 

 Uncoated sample + Untreated Spring (fully unmodified case) 

 Uncoated sample + Heat-treated Spring (effect of heat treatment only) 

 Coated sample + Untreated Spring (effect of coating only) 

 Coated sample + Heat-Treated Spring (Combined effect of coating and heat treatment) 
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This comparative analysis provided a comprehensive qualitative understanding of how each 

modification, independently and in combination, affects the sound attenuation performance of 

the locking mechanism. 

7.2 Equipment Details 

To perform the stages of experiments discussed in Section 7.1, the following equipment were 

used for the different measurements and the heat treatment of springs: 

 Sound level meter  

Make: Casella 

Specifications: Class 1 sound level meter with range 10 dB to 143.3 dB in a single range 

+ Class 1 acoustic calibrator + Analysis software + Tripod 

 Spring stiffness testing machine  

Make: Systems & Controls 

Specifications:  

Load Range: 0-2 Kg 

Resolution: 0.01 gms 

Accuracy: +/- 0.5% of FSD 

Supply: 230 V, 50 Hz, 1 Phase. 

 Muffle Furnace 

Make: Reico 

Specifications: 

Maximum operating Temperature: 950°C 

Accuracy: ±1°C 

Power Supply: 3kW 

Heating Elements: Kanthal Wire 

Heating Chamber: Heat treated refractory muffle body with insulation by bricks shall 

Temperature controller: Digital Temperature controller cum Indicator 

 The photographs of all the equipment used in the present study are shown in Figs. 1–3. 
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Fig. 1 The Class 1 Sound Level Meter 

 

Fig. 2 The Spring Stiffness Tester 
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Fig. 3 The Muffle Furnace 

 

8 Results and Discussion 

 In thus section, the results of the experiments detailed in Section 7.1 are presented and 

discussed. Salient observations were made and conclusions are drawn after the completion of 

stages of experiments. The results and discussions related to the stages of experiments 

performed as outlined in Subsections 7.1.1, 7.1.2 and 7.1.3 are presented below:   

8.1 Initial Results of Sound Measurement with Application of Surface Coating  

Using the initial five pairs of ratchet wheel-plunger, each coated with a different 

coloured coating, sound level measurements were conducted were conducted with the 

components fitted into the gun mechanism in INSAS MARK 1 with Butt No. 458. 

Measurements were taken at fixed distances of 0 m, 1 m, 2 m and 3 m from the source. For each 

configuration, five sound level (dB) readings were recorded during the locking and unlocking 

operations using a mobile app-based dB meter. It is noted that the app-based dB meter can be 

calibrated to read a base sound level of 0 dB. The mechanism was operated by personnel from 

the 68 Engr. Regt. of the Indian Army, Solmara Camp, and the trial tests were conducted at the 

Army camp stationed at Solmara. Although the room was not soundproof, efforts were made 

to maintain a quiet environment during the measurements. For comparison, the mechanism 

with uncoated ratchet wheel-plunger pair was also measured. The results obtained from these 

tests are summarized in Tables 1 to 6. 
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Table 1 Sound measurement without coating (using Android-based App) 

Radial 

Distance 

(m) 

Measurements (dB) 

1 2 3 4 5 
Average 

value 

0 43 43 44 45 46 44.2 

1 31 27 27 28 29 28.4 

2 17 14 16 17 17 16.2 

3 9 11 12 12 14 11.6 

 

Table 2 Sound measurement with green-coated pairs of ratchet wheel-plunger (Sample 1) 

(using Android-based App) 

Radial 

Distance 

(m) 

Measurements (dB) 

1 2 3 4 5 
Average 

value 
% reduction 

0 38 37 36 39 41 38.2 13.57 

1 23 23 24 20 20 22 22.54 

2 15 14 14 16 17 15.2 6.17 

3 11 10 11 9 10 10.2 12.07 

 

Table 3 Sound measurement with black-coated (smooth) pairs of ratchet wheel-plunger 

(Sample 2) (using Android-based App) 

Radial 

Distance 

(m) 

Measurements (dB) 

1 2 3 4 5 
Average 

value 
% reduction 

0 32 31 31 30 31 31 29.86 

1 15 13 12 12 12 12.8 54.93 

2 10 11 10 9 9 9.8 39.51 

3 6 5 5 7 5 5.6 51.72 

 

Table 4 Sound measurement with matt black-coated (rough) pairs of ratchet wheel-plunger 

(Sample 3) (using Android-based App) 

Radial 

Distance 

(m) 

Measurements (dB) 

1 2 3 4 5 
Average 

value 
% reduction 

0 29 30 30 30 31 30 32.13 

1 10 11 13 14 13 12.2 57.04 

2 6 5 5 9 5 6 62.96 

3 2 1 2 2 3 2 82.76 

 

Table 5 Sound measurement with grey-coated pairs of ratchet wheel-plunger (Sample 4) 

(using Android-based App) 

Radial 

Distance 

(m) 

Measurements (dB) 

1 2 3 4 5 
Average 

value 
% reduction 

0 9 9 10 10 12 10 77.38 
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1 0 0 0 0 0 0 100.00 

2 0 0 0 0 0 0 100.00 

3 0 0 0 0 0 0 100.00 

 

Table 6 Sound measurement with white-coated pairs of ratchet wheel-plunger (Sample 5) 

(using Android-based App) 

Radial 

Distance 

(m) 

Measurements (dB) 

1 2 3 4 5 
Average 

value 
% reduction 

0 18 19 22 18 
20 

 
19.4 

56.11 

1 0 0 0 0 0 0 100.00 

2 0 0 0 0 0 0 100.00 

3 0 0 0 0 0 0 100.00 

 

As per a telephonic conversation with the coating supplier, Mr. Sandeep Soley of Dazzle Dyna 

Coat, the base material for the coatings used in Samples 1 to 4 was either fluorocarbon or nylon, 

while the coating for Sample 5 (white) consisted of a mixture of aluminium and manganese 

powder. No further chemical composition or thickness details were provided. 

The salient observations made from the results presented in Tables 1–6 are as follows: 

 The grey sample (Sample 4) provided the maximum reduction of 77.38% in sound with 

respect to the uncoated samples at zero-meter distance from the gun. At 1 m distance 

and higher, we attained 100% reduction in sound. 

 The white sample (Sample 5) followed a similar trend albeit with a maximum sound 

reduction of 56.11% at zero-meter distance from the gun. 

 There were encouraging results with the other three coated samples as well, but with 

moderate reduction in sound. 

Based on conclusions drawn from the initial trial experiments, it was observed that the 

coatings with grey and white colour codes demonstrated the highest sound attenuation 

performance among the five coatings provided by the supplier. A moderate level of sound 

reduction was also noted with the matt black coating. Consequently, for the next phase of 

experimentation, grey, white, and matt black coatings were selected. Corresponding samples 

were sent to the coating service provider, along with a request to apply coatings of varying 

thicknesses ranging from 50 µm to 80 µm, and to disclose the detailed chemical compositions. 

However, determining the permissible range of coating thicknesses proved challenging due to 

the absence of detailed component assembly drawings specifying tolerance limits. The selected 
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range was thus estimated based on the approximate thickness values initially shared by the 

coating service provider for the grey and white coatings. 

Upon receiving the new set of samples, it was found that they were marked only with 

sample numbers, with no accompanying data on thickness or composition. These samples were 

selected for further sound level testing using the INSAS MARK 1 rifle. The experiments were 

conducted in a quiet room at the Dean’s Building, School of Engineering, Tezpur University, 

specifically, the lecture recording MIC room owing to its controlled acoustic environment. For 

this phase of testing, a precision sound level meter (Make: Casella), as specified in Section 7.2 

was employed. A preliminary check with this instrument confirmed that the background noise 

level in the MIC room was within the range of 30 to 35 dB. The sound tests were then carried 

out in that room with the assistance of the DRL, Tezpur team, in coordination with Indian Army 

personnel stationed at Solmara Army Camp, Tezpur. This time the army personal carried 

INSAS MARK 1, Butt Nos. 191 and 192 for testing mechanism sound. Total ten numbers of 

readings were taken at 0 m distance from the source. The results of the tests conducted with 

uncoated and grey-coated ratchet wheel-plunger pairs are summarized in Tables 7 and 8. 

Table 7 Sound measurement using uncoated ratchet wheel-plunger pair (using class 1 sound 

level meter in a room with controlled base level noise) 

INSAS MARK 1 Gun, Butt No. 191  

Uncoated Ratchet wheel-plunger pair 

Reading 

no. 

Measurement 

(dB) 

Average 

value 

(dB) 

1 58.7  

 

 

 

64.43 

2 61 

3 68.1 

4 67.9 

5 66.3 

6 67.3 

7 57.1 

8 70.2 

9 67.1 

10 60.6 

10 59.2 

 

Table 8 Sound measurement using grey-coated ratchet wheel-plunger pair (using class 1 sound 

level meter in a room with controlled base level noise) 
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INSAS MARK 1 Gun, Butt No. 191 

Gray coated Ratchet wheel-plunger 

pair: Sample 1 

Gray coated Ratchet wheel-plunger pair: 

Sample 2 

Reading no. Measurement 

(dB) 

Average 

value (dB) 

Reading no. Measurement 

(dB) 

Average 

value 

(dB) 

1 63.2  

 

 

 

59.36 

1 62.2  

 

61.75 

 

 

2 62.9 2 61 

3 72.4 3 53.2 

4 60.5 4 67.6 

5 72.7 5 66.9 

6 75 6 60.2 

7 61.7 7 61.1 

8 64.2 8 60.2 

9 63.3 9 62.9 

10 59.2 10 62.2 

Gray coated Ratchet wheel-plunger 
pair: Sample 3 

Gray coated Ratchet wheel-
plunger pair: Sample 4 

Readi

ng 

no. 

Measurement 

(dB) 

Average 

value (dB) 

Read

ing 

no. 

Measurement 

(dB) 

Average 

value 

(dB) 

1 71.2  

 

68.23 

 

 

1 63.2  

 

65.51 

 

 

2 65.7 2 62.9 

3 71.1 3 72.4 

4 70.2 4 60.5 

5 69.4 5 72.7 

6 57.9 6 75 

7 74.9 7 61.7 

8 69.1 8 64.2 

9 69.8 9 63.3 

10 63 10 59.2 

 

Upon comparing the sound level (dB) measurements for the uncoated configuration (as 

shown in Table 7) with those for the grey-coated samples (Table 8), it was observed that the 

sound attenuation performance was unsatisfactory. Specifically, Sample 1 with grey coating 

exhibited only a marginal average reduction of 7.87% in sound level relative to the uncoated 

ratchet wheel-plunger pair. For Sample 2, the reduction was even less significant, at just 4.16%. 

On the other hand, Samples 3 and 4 showed an increase in sound level when compared to the 

uncoated case. These findings are inconsistent with the earlier promising results obtained in 

the initial experiments (refer Table 5), where the grey coating demonstrated better sound 

attenuation. Thus, it was assumed that this discrepancy may be due to reduced coating 

thicknesses in the current samples, as compared to those used in the initial phase. 
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Given the unsatisfactory outcomes with the current grey-coated samples, it was then 

proceeded to test Sample 2 of the matt black-coated ratchet wheel-plunger pair and the results 

are presented in Table 9. However, this sample also failed to deliver any noticeable sound 

reduction. Following a visual inspection, the remaining matt black-coated samples were not 

considered for further testing. Subsequently, attention turned to a white-coated sample (Sample 

1) and the previously tested grey-coated sample from the initial experiment set (refer Table 5). 

Results from these tests are presented in Table 10. Unfortunately, no sound reduction was 

observed with the current white-coated Sample 1, and only a modest 4% reduction was 

recorded with the earlier grey-coated sample. 

Table 9 Sound measurement using matt black-coated ratchet wheel-plunger pair (using class 

1 sound level meter in a room with controlled base level noise) 

INSAS MARK 1 Gun, Butt No. 191 

Matt Black-coated Ratchet wheel-plunger 

pair: Sample 2 

Reading 

no. 

Measurement 

(dB) 

Average 

value 

(dB) 

1 57.3  

 

 

 

64.34 

2 64 

3 66.6 

4 55.6 

5 71.6 

6 67.2 

7 63.6 

8 66.7 

9 62.1 

10 68.7 

 

Table 10 Sound measurement using current white-coated and old grey-coated ratchet wheel-

plunger pair (using class 1 sound level meter in a room with controlled base level noise) 

For Butt N0-191 

White-coated Ratchet wheel-plunger 

pair: Sample 1 

Old grey-coated Ratchet 

wheel-plunger pair (Ref 

Table 5) 

Reading no. Measurement 

(dB) 

Average 

value (dB) 

Reading no. Measurement 

(dB) 

Average 

value 

(dB) 

1 66.4  

 

1 56.6  

 2 59.2 2 55.7 
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3 68.1  

 

63.91 

3 66.9  

 

 

61.79 

4 58.6 4 64.9 

5 72 5 63.3 

6 56.1 6 65.7 

7 61.5 7 56.7 

8 68.6 8 62 

9 70.4 9 54.1 

10 58.2 10 72 

 

Table 11 Sound measurement using current white-coated and old grey-coated ratchet wheel-

plunger pair (using class 1 sound level meter in a room with controlled base level noise) 

For Butt N0-192 

Uncoated Ratchet wheel-plunger pair Old grey-coated Ratchet 

wheel-plunger pair (Ref 

Table 5) 

Reading no. Measurement 

(dB) 

Average 

value (dB) 

Reading no. Measurement 

(dB) 

Average 

value 

(dB) 

1 61.1  

 

 

 

67.45 

1 57.9  

 

 

 

 

67.25 

2 78.3 2 69 

3 68.7 3 62.9 

4 79 4 80.9 

5 66 5 57.5 

6 51.7 6 74.2 

7 73 7 59.5 

8 61.9 8 80.2 

9 70.8 9 49.2 

10 64 10 81.2 

 

Given the consistent lack of improvement in sound attenuation across all current samples, 

including the previously successful, grey-coated sample, the investigators suspected potential 

inconsistencies with the test equipment, particularly the gun. It was noted that the recent tests 

were not conducted on the same INSAS MARK 1 gun used in earlier trials. To verify this, a 

different INSAS MARK 1 gun, with butt number 192, was used for testing both uncoated and 

the old, grey-coated samples. The results, summarized in Table 11, revealed no sound reduction 

with this gun either. This led to two possible conclusions: either there was a measurement error 

in the initial experiments (Tables 1–6), likely due to the use of a mobile app-based dB meter 

lacking precision, or the coating service provider had not applied sufficient coating thickness 

during the current sample preparation.  
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In view of the above conflicting observations with the coated pairs of ratchet wheel and 

plunger and inadequate number of left-over uncoated pairs (3 nos.), it was planned to proceed 

with the alternate route of reducing the sound through modifying the spring stiffness by heat 

treatment.  

8.2 Results of Sound Measurement with Modified Spring Stiffness Through Heat 

Treatment  

Initially, the stiffness of the as-received springs was measured for ten samples using a 

Spring Stiffness Tester (Make: Systems and Controls), as detailed in Section 7.2. Subsequently, 

each spring was heat treated at a different temperature ranging from 250°C to 600°C using the 

Muffle Furnace described in Section 7.2. Following heat treatment, the stiffness of each spring 

was measured again to reveal any changes caused by the thermal treatment. The results of the 

spring stiffness measurements before and after heat treatment are summarized in Table 12. 

Table 12 Summary of the spring stiffness test before and after heat treatment  

 Before Heat 

Treatment 

After heat treatment % Reduction 

in stiffness 

Length 

(mm) 

Stiffness 

(N/mm) 

Temperature 

(℃) 

Length 

(mm) 

Stiffness 

(N/mm) 

Spring 1 13.5 3.53 250 13.38 3.49 1.13 

Spring 2 14 3.39 300 13.80 3.56 −4.77 

Spring 3 13.68 3.45 350 13.50 3.66 −6.08 

Spring 4 13.60 3.05 400 Distorted Distorted - 

Spring 5 13.64 3.41 400 13.60 3.64 −6.31 

Spring 6 13.78 3.70 450 13.64 3.66 1.08 

Spring 7 13.52 3.54 500 12.20 2.82 20.34 

Spring 8 13.74 3.54 550 Distorted Distorted - 

Spring 9 13.76 2.62 550 13.64 2.60 0.76 

Spring 10 13.84 3.32 600 Distorted Distorted - 

 

From Table 12, it is observed that the stiffness of the as-received springs varied between 

2.62 and 3.54 N/mm. The most significant reduction in spring stiffness occurred in Spring 7, 

which decreased from 3.54 N/mm to 2.82 N/mm after heat treatment at 500 °C, representing a 
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20.34% reduction. The next highest reductions were observed in Spring 10 (12.05%) and 

Spring 8 (5.08%). For the remaining springs, either negligible or no change in stiffness was 

recorded following heat treatment. In general, heat treatments at temperatures below 450 °C 

did not result in noticeable changes in stiffness. However, treatments at 450 °C or above led to 

a reduction in stiffness, particularly for springs with initial stiffness values of 3.32 N/mm or 

higher. It is worth noting that Spring 9, which exhibited the lowest initial stiffness of 2.62 

N/mm, showed almost no change even after being subjected to heat treatment at 550 °C. Spring 

4 was found to be distorted post-heat treatment. This distortion may be attributed to material 

inhomogeneity or thermal buckling effects.  

Next, the heat-treated springs were installed in the safety mechanism of the INSAS 

MARK 1 rifle (butt number 458), using the uncoated ratchet wheel-plunger pair for locking 

and unlocking operations. Sound level tests were then conducted. It was found that Springs 5, 

7, and 9 resulted in significant sound reduction during operation. On the other hand, the 

remaining springs resulted only marginal improvements. The results of the sound level 

measurements for the best-performing Springs 5, 7, and 9 are presented in Table 13. The sound 

reduction observed with Spring 7 is attributed to a decrease in its stiffness due to heat treatment. 

On the other hand, the reduction achieved with Springs 5 and 9 is likely due to a decrease in 

their lengths after heat treatment, as no significant change in stiffness was observed in these 

two springs. 

Table 13 Sound level measurements with the uncoated ratchet wheel-plunger pair and heat 

treated Springs 5, 7 and 9 (using class 1 sound level meter in a room with controlled base level 

noise) 

Measured Sound Level (dB) 

Spring 5 Spring 7 Spring 9 
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Reading 

No. 

Before 

Heat 

Treatment 

 

After heat 

treatment 

at 400 ℃ 

with 

uncoated 

ratchet 

wheel-

plunger 

pair 

 

Before 

Heat 

Treatment 

 

After heat 

treatment 

at 500 ℃ 

with 

uncoated 

ratchet 

wheel-

plunger 

pair 

Before 

Heat 

Treatment 

 

After heat 

treatment 

at 550 ℃ 

with 

uncoated 

ratchet 

wheel-

plunger 

pair 

1 82.60 63.90 62.10 50.30 75.60 42.60 

2 79.0 70.50 67.70 54.40 66.00 51.20 

3 73.10 59.60 69.50 54.40 66.10 52.30 

4 79.40 67.70 62.30 51.30 70.50 58.90 

5 67.50 61.10 70.40 63.30 65.20 44.60 

6 82.30 55.00 72.80 51.90 65.80 49.60 

7 75.00 66.70 70.40 60.40 74.30 46.60 

8 74.90 56.20 72.90 59.40 63.10 58.90 

9 79.10 66.60 67.40 55.90 74.00 41.60 

10 72.40 63.70 73.10 51.60 62.70 50.90 

Average 76.53 63.10 68.86 55.29 68.33 49.72 

% reduction 17.54 - 19.71 - 27.23 

It is observed from Table 13 that, among the best-performing springs, Spring 9 achieved 

the maximum sound reduction of 27.23%. These results were subsequently reported to DRL, 

Tezpur, which then proposed conducting a combined study to investigate the combined effects 

of surface coating and changes in spring characteristics. 

8.3 Combined Effect of Coating and Heat-Treated Spring 

Based on the proposal from DRL, Tezpur, to investigate the combined effects of surface 

coating and changes in spring characteristics, an online meeting was convened by the Director, 

DRL. The meeting was attended by the PI, the associated scientist from DRL, Dr. Ananta 

Saikia, and Mr. Soley from Dazzle Dyna Coat, the designated coating service provider. The 
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agenda of the meeting was to discuss the coating of the required number of ratchet wheel-

plunger pairs for the proposed investigation. During the meeting, Mr. Soley agreed to coat the 

required number of samples. The PI reported that only three uncoated samples were remaining. 

Consequently, the Director, DRL, recommended submitting a formal request to the Indian 

Army through proper channel for additional uncoated samples. Although the request was 

processed through DRL, Tezpur to HQ 4 Corps, Indian Army for additional spare parts (20 

Nos each of Rachet wheel and Plunger), they could not provide the same due to some technical 

problems. In view of this limitation, the PI and Co-PI decided to proceed with the three 

remaining uncoated samples. To discuss the coating specifications for these samples, another 

online meeting was held involving the DRL scientist Dr. Saikia, the PI and Co-PI of the project, 

and Mr. Soley. During this meeting, the PI and Co-PI requested Mr. Soley to apply a grey 

coating to the three samples with thicknesses of 80 μm, 100 μm, and 120 μm, respectively. Mr. 

Soley agreed and requested that the samples be sent to him. The samples were sent in May 

2025 and were received back by the investigators in July 2025. However, the coated samples 

were not labelled with the specified thicknesses as requested. Instead, they were returned 

labelled simply as Set I, II, and III, following the previous naming convention. The coated 

samples are shown in Fig. 4. A few photographs taken during the experiments are shown in 

Figs. 5-7. 

 

Fig. 4 The grey-coated samples for the final phase of experiments 

Upon receipt of the newly coated samples, sound level tests were performed using the 

original INSAS MARK 1 gun (butt number 458) to maintain consistency in measurement. 

These tests were conducted at Tezpur University in a limited-controlled acoustic environment, 
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with a base ambient noise level of approximately 30 dB. The sound measurements for all three 

coated sets were recorded at distances of 0 m, 1 m, 2 m, and 3 m from the sound source i.e., the 

gun’s safety mechanism, and the results are presented in Table 14. The objective of the tests 

was to identify the best pair of coated ratchet wheel and plunger offering the highest sound 

attenuation. 

 

Fig. 5 Assembling of the locking-unlocking mechanism 

 

Fig. 6 Sound measurements during locking and unlocking operations 
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Fig. 7 Display of instantaneous sound level on the dB meter 

Table 14 Comparative sound level measurement with the latest grey-coated ratchet wheel-

plunger pairs (to identify the best pair) (using class 1 sound level meter in a room with 

controlled base level noise) 

Butt No. 458  

Reading 

No. 

Measured Decibel (dB) 

Latest grey-coated 

ratchet and plunger set I  

 

Latest grey-coated 

ratchet wheel-plunger set 

II  

 

Latest grey-coated 

ratchet and plunger set 

III  

 

0 m 1 m 2 m 3 m 0 m 1 m 2 m 3 m 0 m 1 m 2 m 3 m 

1 61.4 47.0 43.7 42.2 40.2 32.0 31.4 33.3 50.7 52.7 44.3 42.4 

2 58.5 41.5 43.2 45.3 58.3 51.5 45.3 44.5 41.4 43.3 41.8 32.8 

3 64.0 41.1 50.3 37.2 40.8 32.4 32.4*  32.7 46.8 43.3 42.1 48.3 

4 53.6 51.2 42.1 46.1 67.2 41.0 41.7 39.0 37.7 33.4 36.3 33.6 

5 59.5 50.0 44.5 40.4 41.7 31.3* 32.4* 32.3 56.8 49.1 38.6 41.8 

6 65.0 52.1 49.9 37.9 59.9 51.8 44.8 40.4 41.7 35.1 35.5 32.7 

7 58.0 45.7 50.6 43.8 46.0 35.7 32.4*  35.9 51.2 41.9 52.5 48.1 

8 66.4 43.5 44.3 41.0 56.8 53.5 43.6 40.3 51.2 46.9 39.1 38.3 

9 62.4 41.8 42.2 45.1 35.3 32.7 33.1*  33.4 50.8 47.9 51.3 35.8 

10 59.0 47.0 45.7 48.0 57.0 54.4 37.6 38.4 39.9 44.9 45.0 36.2 

Average 60.78 46.09 45.65 42.70 50.32 41.63 37.47 37.02 46.82 43.85 42.65 39.00 

*Base noise level 
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From Table 14, it is observed that for a given spring, Set III of the grey-coated ratchet wheel 

and plunger exhibit the highest sound reduction. Accordingly, all subsequent sound 

measurements were carried out using Set III in combination with the heat-treated springs. Since 

Springs 5, 7, and 9 demonstrated significant sound reduction after heat treatment, as shown in 

Table 13, these springs were selected for further testing. The results of the sound level 

measurements using Set III in combination with Springs 5, 7, and 9 are presented in Tables 15–

17. Measurements were taken at fixed distances of 0 m, 1 m, 2 m, and 3 m from the sound 

source using butt no. 458 of INSAS MARK 1 gun. The results were then compared with those 

obtained from two other configurations: (i) untreated springs with uncoated ratchet wheel-

plunger sets, and (ii) heat-treated springs with uncoated ratchet wheel-plunger sets. 

Table 15 Sound level measurement with heat treated spring 5 combined with the latest grey 

coated ratchet wheel-plunger Set III (using class 1 sound level meter in a room with controlled 

base level noise) 

SPRING 5 

Reading 

No. 

Measured Sound Level (dB) 

Before 

Heat 

Treatment 

with 

uncoated 

ratchet 

wheel and 

plunger 

set (at 0 m 

distance) 

After heat 

treatment 

at 400 ℃ 

with 

uncoated 

ratchet 

wheel and 

plunger 

Set (at 0 

m 

distance) 

After heat treatment at 400 ℃ with latest grey-

coated ratchet and plunger set III 

0 m 1 m 2 m 3 m 

1 82.60 63.90 50.8 45.9 49.9 48.3 

2 79.0 70.50 63.8 46.7 40.6 41.8 

3 73.10 59.60 67.3 55.4 41.2 36.1 

4 79.40 67.70 62.3 45.2 46.3 43.5 

5 67.50 61.10 55.7 53.1 43.0 40.7 

6 82.30 55.00 55.7 50.0 40.8 45.1 
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7 75.00 66.70 59.2 57.4 53.1 40.0 

8 74.90 56.20 50.8 51.6 50.4 35.2 

9 79.10 66.60 57.3 58.2 43.8 35.7 

10 72.40 63.70 60.6 56.6 51.8 42.3 

Average 76.53 63.10 58.35 52.01 46.09 40.87 

% reduction 17.54 23.76 32.04 39.78 46.60 

  

Table 16 Sound level measurement with heat treated spring 7 combined with the latest grey 

coated ratchet wheel-plunger Set III (using class 1 sound level meter in a room with controlled 

base level noise) 

SPRING 7 

Reading 

No. 

Measured Sound Level (dB) 

Before 

Heat 

Treatment 

with 

uncoated 

ratchet 

wheel and 

plunger 

set (at 0 m 

distance) 

After heat 

treatment 

at 500 ℃ 

with 

uncoated 

ratchet 

wheel and 

plunger 

Set (at 0 

m 

distance) 

After heat treatment at 500 ℃ with latest grey-

coated ratchet and plunger set III 

 

0 m 1 m 2 m 3 m 

1 62.10 50.30 50.3 42.9 46.4 35.7 

2 67.70 54.40 48.6 48.3 31.6 31.7 

3 69.50 54.40 56.8 49.1 35.0 42.1 

4 62.30 51.30 50.3 41.2 34.0 33.5 

5 70.40 63.30 53.1 44.8 37.9 42.2 

6 72.80 51.90 50.5 40.4 40.1 37.4 

7 70.40 60.40 47.6 50.1 45.9 41.2 

8 72.90 59.40 49.8 40.6 39.2 31.1 

9 67.40 55.90 58.7 50.7 48.9 32.0 
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10 73.10 51.60 39.9 36.6 39.0 37.4 

Average 68.86 55.29 50.56 44.47 39.8 36.43 

% reduction 19.71 26.58 35.42 42.20 47.10 

 

Table 17 Sound level measurement with heat treated spring 9 combined with the latest grey 

coated ratchet wheel-plunger Set III (using class 1 sound level meter in a room with controlled 

base level noise) 

 SPRING 9 

Reading 

No. 

Measured Sound Level (dB) 

Before 

Heat 

Treatment 

with 

uncoated 

ratchet 

wheel and 

plunger 

set (at 0 m 

distance) 

After heat 

treatment 

at 550 ℃ 

with 

uncoated 

ratchet 

wheel and 

plunger 

set (at 0 m 

distance) 

After heat treatment at 550 ℃ with latest grey-

coated ratchet and plunger set III 

(Date- 14/07/2025) 

0 m 1 m 2 m 3 m 

1 75.60 42.60 

Sound is below base noise level 

- 

- 

- 

2 66.00 51.20 

3 66.10 52.30 

4 70.50 58.90 

5 65.20 44.60 

6 65.80 49.60 

7 74.30 46.60 

8 63.10 58.90 

9 74.00 41.60 

10 62.70 50.90 

Average 68.33 49.72 - 

% reduction 27.23 - 

 



30 

 

It is observed from Tables 15–17 that the combined effect of surface coating treatment 

on the ratchet wheel and plunger, when used in conjunction with heat-treated springs, resulted 

in a further reduction in sound levels. Specifically, the average sound reduction at the source 

improved from 17.54% to 23.76% when heat-treated Spring 5 was used with Set III, compared 

to the untreated spring with the uncoated ratchet wheel-plunger set. For heat-treated Spring 7 

with Set III, the reduction increased from 19.71% to 26.58%. In the case of heat-treated Spring 

9 combined with Set III, the sound level was reduced to the base noise level of the room, 

indicating near-complete attenuation under the given test conditions. Prima facie, these 

findings indicate that the cumulative effect of surface treatment of the mating surfaces of the 

ratchet wheel and plunger, along with spring heat treatment, can achieve optimal sound 

reduction during the locking and unlocking operations of the safety mechanism.  

Overall, the results obtained in this study provide a proof-of-concept for multiple 

approaches to sound attenuation in small-calibre guns. However, further detailed investigation 

is required to establish these methods conclusively. This includes optimization of various 

process parameters (such as coating thickness and compositions, and spring heat-treatment 

protocols, spring stiffness etc.) and geometrical design factors to achieve consistent 

performance. 

9 Challenges and Limitations 

The initial plan for the project was to explore the following routes for reduction of the 

sound level during the locking and unlocking operations of the INSAS Mark I guns: 

 Surface coating on the mating surfaces of the ratchet wheel and plunger using 

compatible sound-absorbing materials of different compositions and thicknesses. 

 Reduction of the spring stiffness 

 Optimization of the tolerance between the ratchet wheel and the plunger in the engaged 

and disengaged positions to reduce the metal-to-metal impact velocity and sound level. 

 

The major challenges faced during the execution of the project to implement the three 

routes were as follows. 

i. It was found that installation of a mixer machine and spray coating set up for 

sophisticated coating applications would cost more than 20 lakhs, whereas it was 

advised by the funding agency to limit the total budget within 10 lakhs. Therefore, 
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the PI and Co-PI had to find a suitable technical support service provider (TSSP) 

outside the RSP.  

ii. After significant searching for a TSS provider, the PI and Co-PI could locate one 

coating expert on personal contact through a senior scientist from ARDE, Pune. 

The TSSP coated requested number of limited samples, but the did not disclose 

the coating thickness and the coating composition even after several repeated 

requests. 

iii. The tolerance analysis required the part assembly drawings of the locking and 

unlocking mechanism of the gun with the allowable tolerance limits. Since the 

drawings could not be made available even after repeated attempts by the RSP 

and the associated lab, the plan to explore the third route was dropped. 

iv. The Project Assistant recruited for the CARS was diagnosed with cancer in 

August 2024 and he expired in December 2024. The lack of support staff was a 

big challenge for the PI and Co-PI. 

v. Since the expected sound level was less than 30 dB after the surface treatment of 

the ratchet wheels and plungers and the heat treatment of the springs, a controlled 

acoustic chamber was required for the experiments. The RSP explored the 

availability of such facilities in other Academic and R&D organizations but didn’t 

succeed. The funding agency was also requested to arrange a facility in this 

regard. However, after several attempts such facility could not be found. In view 

this limitation, the sound measurements were performed in lecture recording 

rooms with limited noise control (having base level around 30 dB). In some cases 

the sound level with the surface treated samples and heat-treated springs went 

below the base level noise, which could not be detected. 

vi. As the surface coating method could not be established with definite certainty of 

coating composition and coating thickness from the TSSP, it was proposed by the 

RSP to complete the CARS based on reduction of spring stiffness only. In an 

online meeting among the funding agency, the PI, and the TSSP on 18.01.2025, 

it was advised by the funding agency to further explore the possibility of sound 

reduction with more no. of coated samples along with the heat-treated springs. 

Accordingly, the funding agency requested to the Indian Army to issue more sets 

of ratchet wheel and plungers, as the RSP had only three sets of spare ratchet 

wheels and plungers in uncoated condition. However, the additional samples 

could not be received from the Indian Army even after waiting for sufficient time 
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for their response. As time for the CARS was running out, it was decided to 

proceed with only the remaining three sets of uncoated samples for sending to the 

TSSP for coating.  

vii. The precise measurements require to be done using class 1 sound level meters 

coupled with sophisticated data acquisition system in a controlled acoustic 

chamber.  

In view of the challenges, the following are listed as the limitations of the current study. 

i. The sound attenuation using the surface coating technique should be viewed a 

proof-of-concept demonstration. 

ii. The spring-stiffness reduction technique through heat treatment exhibits the 

potential to effectively attenuate the sound level during the locking/unlocking 

operations of the guns. However, for establishing this hypothesis, sufficient no. 

of springs having consistent stiffness and dimensions before heat treatment 

should be made available, and experiments are to be performed under controlled 

acoustic environment with data acquisition systems using a number of springs 

heat treated at the same temperatures. 

10 Conclusions 

In spite of the challenged and limitations faces, the CARS with the title “Reduction of 

the sound level during the locking and unlocking operations of small-calibre guns” successfully 

demonstrated immense potential to reduce the sound level of INSAS Mark 1 guns. The 

following achievements of the CARS can be listed as the high points of the conclusions. 

i. Coating thickness of the sound-absorbing material plays a role in reduction of 

the sound level during the locking and unlocking operation of the INSAS Mark 

1 guns. 

ii. The springs are available with the Indian Army at various stiffness values 

ranging from 2.62 N/mm to 3.70 N/mm, and at various lengths ranging from 13.5 

mm to 14.0 mm before heat treatment. 

iii. Heat treatment results in reduction of the spring length, that can reduce the 

compression of the spring, thereby reducing the sound caused by metal-to-metal 

impact during the locking and unlocking operations of the gun. However, heat 

treatment at temperatures at 300°C, 350°C, and 400°C caused marginal increase 

in spring stiffness.  
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iv. A spring (marked as Spring #9) with stiffness values of 2.62 N/mm and 2.60 

N/mm before and after heat treatment at 550°C, respectively, produced a sound 

reduction of 27.23% with an uncoated ratchet wheel and plunger set. The 

corresponding spring lengths were 13.76 mm and 13.64 mm. 

v. A spring (marked as Spring #7) with stiffness values of 3.54 N/mm and 2.82 

N/mm before and after heat treatment at 500°C, respectively, produced a sound 

reduction of 19.71% with an uncoated ratchet wheel and plunger set. The 

corresponding spring lengths were 13.52 mm and 12.20 mm. 

vi. A spring (marked as Spring #5) with stiffness values of 3.41 N/mm and 3.64 

N/mm before and after heat treatment at 400°C, respectively, produced a sound 

reduction of 17.54% with an uncoated ratchet wheel and plunger set. The 

corresponding spring lengths were 13.64 mm and 13.60 mm. 

vii. Three sets of ratchet wheel and plungers were received for the final experiments 

from the TSSP. These were marked as Set I, Set II and Set III. The three sets 

were tested on the same gun and same spring. It was found the sets I, II, and III 

resulted in average sound levels of 60.72 dB, 50.32 dB, and 46.82 dB, 

respectively, art 0 m distance from the locking mechanism. Henceforth, 

subsequent sound tests with the heat-treated springs #5, #7, and #9 were 

performed with coated ratchet wheel and plunger set III.  

viii. With the coated set III, Spring #5 produced sound reduction of 23.76%, 32.04%, 

39.78%, and 46.60% at 0 m, 1 m, 2 m, and 3 m distance, respectively from the 

locking mechanism. 

ix. With the coated set III, Spring #7 produced sound reduction of 26.58%, 35.42%, 

42.20%, and 47.10% at 0 m, 1 m, 2 m, and 3 m distance, respectively from the 

locking mechanism. 

x. With the coated set III, Spring #9 produced sound below the base level noise of 

30 dB in the experimental facility.  

xi. The findings demonstrate the concept of reduction of sound level through coating 

of sound-absorbing materials on the mating surfaces of the ratchet wheel and 

plunger, and use of springs having lower stiffness values (2.6 N/mm to 2.8 

N/mm) and spring length (12.20 mm to 13.60 mm). 
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Appendix A 

Calibration report of the Spring Stiffness Tester 
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Appendix B 

Detailed Technical Specifications and Calibration Report of the Sound Level Meter 
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