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Abstract. The article presents a concept of the procedure for researching the dynamic 

properties of the multi-wire springs used in NR-30 guns. The aim of the research was to 

check the possibilities of determining the limit values of the flexibility of the multi-wire 

springs for the NR-30 gun, as well as to verify the obtained research results using those 

from range and static tests (after long compression). While verifying the method 

(selected measurements of 4 springs with varying degrees of wear), static and dynamic 

compression tests were performed on a spring mounted on a gun on specially prepared 

testing stations. The description of the data measurement and acquisition method 

applied should be considered an important element of the description of a testing 

station. Based on the obtained research results, it has been inferred that, during the 

striker’s backward movement, wave phenomena likely transpire in the spring.  
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Force value fluctuations taking place during the spring’s movement are visible in 

the obtained diagrams. The dynamic and static test results (on springs with varying 

degrees of wear) allowed the authors to evaluate the impact of a multi-wire spring’s 

wear on the value of its force of interaction with the automation elements of an NR-30. 

Based on the data obtained, the assumptions for the method of evaluating multi-wire 

springs’ durability and using it to evaluate the suitability of a given spring type for use 

according to its technical state, have been elaborated. The final determination of the 

limit values of the springs’ parameters requires further research using a station with an 

ammunition belt encumbrance emulator, as well as emulation of the overloads of the 

kinematic arrangement of the gun while airborne.  

Keywords: dynamic testing, multi-wire springs, weapons testing, durability estimation, 

aircraft guns 

 

1. INTRODUCTION 

 
Multi-wire springs were invented in the 60s [1]. They were used in 

automatic weapons, such as NR-30, NS-23, NR-23, JakB-12,7, GSz-23. Their 

defining characteristics are their high reliability, very high initial tension, large 

pitch of the element being moved, very good frictional dampening of vibrations 

when fully compressed, as well as low durability owed to the rapid wearing of 

the wires’ surfaces during frictional work. The design of those springs has been 

described in [2, 8]. Due to their low durability, they have not found broader use 

in motion systems other than Russian automatic weapons constructed up to the 

90s. Presently, such springs are used as vibration dampeners and energy 

impulse absorbers, both in the civilian and military markets, for example 

springs in specialised AR-15 rifle buffers [3]. These buffers are produced by, 

among others, Schmeisser. Multi-wire springs are also present in the offer of 

DR. WERNER RÖHRS GMBH & CO. KG. [4]. Examples of the multi-wire 

springs offered by this company and the return springs of the NR-30 cannon are 

presented in Fig. 1. 

 
Fig. 1. Examples of multi-wire springs: a) currently produced [4], b) NR-30 return 

springs [5] 
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In the years 2004-2007, within the framework of the NR-30 and NS-23 

lifetime extension programme [6, 7] it was determined that research should be 

conducted to formulate the requisites for such springs in order to complete the 

spare part supply. The lack of this data stemmed from the fact that the 

manufacturer of the springs never relayed it to the user and stopped production 

in the 90s. In the years 2008-2014, the programme of such research was not 

reasonable, as the planes themselves were not to have their lifetimes extended, 

and the NR-30 guns were removed. However, the problem remains current. 

Assessment of the influence of the multi-wire spring on the kinematics and 

dynamics of NR-30 operation has been conducted within the scope of analytical 

[8, 9], simulational [10, 11] and experimental [12, 13] research. The obtained 

results are a testament to the complexity of the physical phenomena in 

arrangements using multi-wire springs, and the current research, apart from 

their practical side, has a scientifically and demonstratively interesting side to it 

as well, especially when completing final theses.  

Presently, NR-30 guns are used according to a mixed usage strategy, as per 

Bulletins No. U/4902/E/06 and U/4988/E/07. The durability of the selected 

parts is determined with the use of the implemented database [6], allowing for 

processing data obtained from periodic research with the use of a mathematical 

model for determining the residual life of the parts implemented therein. The 

database also contains information on the renovations and part replacements 

performed. This system is called the Modernised Gun Usage System 2. Within 

the framework of the development of the “Modernised usage system for the 

NR-30 and NS-23” [7], manufacturing new springs and launching a research 

programme pertaining thereto have been proposed as well. The guns’ return 

springs are presently used according to planned prevention, in accordance with 

the lifetime given by the manufacturer: 900 or 1200 shots, expanded as per the 

algorithm described in the bulletin.  

Presently, there is no data on the limit values of the flexibility coefficient 

both of new springs and of those considered used, which is indispensable to 

determine the requirements for manufacturing new springs and diagnostic 

equipment that would render the springs’ usage according to their technical 

state [6, 7].  

As a result of the above, the Institute of Armament Technology (Military 

University of Technology, Warsaw, Poland) has built a station to examine the 

kinematics and dynamics of the NR-30 gun in laboratory conditions. For the 

purposes of the research, the concept of the research procedure to be used to 

determine the limit values of NR-30’s return spring flexibility has been 

developed, which is the goal of the scientific presentation contained in this 

article.  
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2. A DESCRIPTION OF THE RETURN SPRING AND ITS WEAR 

MECHANISMS 
 

An NR-30’s return spring is a helical, pressure spring with an identical pitch. 

It is made of n = 4 wires with a diameter of 2 mm (coil with no core). A new 

spring has an initial length of 790 mm, and the coil angle is 30º [2]. The spring 

is mounted with an initial tension of approx. 500 N. It has a driving role in the 

gun when it expands, as well as that of a brake and vibration dampener when 

fully compressed. Such operation of the spring is characterised by a flexibility 

coefficient changing from the k1 value to k2 during use. The shift from k1 to k2 is 

caused by the spring becoming stronger as a result of friction appearing after 

removing the looseness between the spring’s wires (Fig. 3). This characteristic 

creates a broken curve (Fig. 2). 
 

 
Fig. 2. Characteristic of the multi-wire spring in the literature [2]: x  – displacement,  

F  – force, k1, k2  – flexibility coefficients  

 

The main cause of wear of the NR-30’s return spring is the friction 

between the spring’s wires, occurring during its normal operation (Fig. 3), 

especially at the vibration dampening stage. 

 
Fig. 3. Multi-wire spring structure diagram: 1 – wires 

the places exposed to friction wear have been marked with blue [9] 

k1 

k2 
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The static loads have no significant impact on changing the spring’s 

rigidity, which has been proven by way of Institute’s research based on long-

time storing, with periodic measurements, of an initially tensioned spring of an 

NR-30 gun used in the Polish Military Air Force.  

No wear of the springs due to friction against the pneumatic reload casing 

group has been noted either (based on sensory examination of the springs’ 

surface). 

 

3. THE ASSUMPTIONS FOR THE DURABILITY ANALYSIS 
 

Analysing the results of the springs’ static testing conducted earlier (Fig. 4) 

and the kinematic descriptions of the NR-30’s automation parts [5, 9, 11], the 

following assumptions have been adopted: 

1) The spring’s friction wear directly influences the progress of the spring’s 

reaction in relation to the displacement (Fig. 4). 

 

Fig. 4. The static description of NR-30’s multi-wire spring:  

a) for a new spring, b) after having fired 461 shots [5] 

 

As results from the descriptions presented on Fig. 4, the spring’s wear 

during normal usage lowers the force required to compress the spring, and, by 

extension, the spring’s flexibility coefficient.  

2) The spring’s flexibility coefficients k1 and k2 may be treated as the inherent 

characteristics of the given objects, and their limit values may be 

determined.  

The simplest method of determining the k1min, k1max and k2min, k2max limit 

values (1) is to examine springs with extreme lifetime values (brand new and 

completely worn out). Testing a new spring would allow the coefficients’ 

maximum values to be obtained, while examination of a worn-out spring would 

allow the same for the minimum values.  
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The mathematical relationship (1) between the limit values of the flexibility 

coefficients and [the springs’] lifetimes are presented below [5]:  

max2max121min2min1 kkkkkk 
 

(1) 

 

                        lifetime = 900 ∪ 1200 < lifetime = i < lifetime = 0  
 

where: 

i – momentary value of the spring’s lifetime, 

k1min – minimum flexibility coefficient value (k1) of the spring, 

k1max –  maximum flexibility coefficient value (k1) of the spring, 

k2min – minimum flexibility coefficient value (k2) of the spring, 

k2max –  maximum flexibility coefficient value (k2) of the spring, 

k1 – the value of the spring’s flexibility coefficient for a lifetime of I, 

k2 – the value of the spring’s flexibility coefficient for a lifetime of I. 

As results from relationship (1), determining the limit values of the spring’s 

flexibility coefficients requires the value of the factory lifetime given by the 

manufacturer. Passing from flexibility coefficients to lifetime requires obtaining 

their limit values and developing a mathematical model of flexibility coefficient 

changes in relation to the number of shots fired. 

3) The flexibility coefficients can be determined using the spring’s 

specification (relationship between force F to displacement x).  

4) Crossing the limit values of k1min, k1max and k2min, k2max causes jams in the 

NR-30’s reloading system. 

The technical state of the spring is responsible for important functions of 

the reloading system, such as correct projectile feeding, locking the bolt, and 

performing the shot.  

Using an excessively rigid spring will manifest in [5]: 

 incomplete backward movement, 

 no possibility of extracting the shell, 

 no possibility of moving the belt, 

 no possibility of ejecting the shell and feeding the bullet to the feeding 

line. 

An excessively susceptible spring (not rigid enough) generates problems 

during de-tensioning, such as: 

 incomplete projectile feeding, 

 no possibility of bolting the lock and performing the shot,  

 high level of danger during the removal of such a jam. 

5) The research may be carried out using hitherto-existing apparatuses, in 

accordance with the developed research methodology, in conditions as 

close to the gun’s nominal operation during a combat flight as possible. 
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6) The methodology of the research should allow for conducting static and 

dynamic tests, in order to determine the correlation between the statics and 

dynamics. 

7) The developed research methodology should enable examining the springs 

in non-laboratory conditions.  
 

4. THE DURABILITY TEST METHODOLOGY 

 
Durability testing can be conducted using two methods: 

– the method of testing the object population using non-destructive 

methods (examining a determined number of springs from the 

population and calculating the average for the entire population), 

– through fatigue analysis of the object (multiple tests of the spring until 

it loses usability; this method does not consider the impact of storage 

conditions on the flexibility coefficient – partially, such a test has been 

performed within the framework of [8]).  

When it comes to the developed concept, the decision was made to employ 

a method of object population test result analysis that would consider the impact 

of the spring’s storage conditions on the flexibility coefficient limit values. The 

test entailed determining the dependence of the spring’s reaction force on its 

contraction/extension. The decision was made to conduct the testing in dynamic 

conditions during reloading, and static testing during quasi-static spring 

compression at a specially-prepared station.  

This would allow for answering one more question: what is the impact of 

test reloads performed during current and periodic servicing on the springs’ 

durability? 

By approximating the obtained diagram by the interval, it will be possible 

to determine the flexibility coefficient values as straight line directional 

coefficients. Determining the spring’s flexibility coefficient based on the force 

specification in relation to dislocation is a relatively simple research problem to 

solve. In the case of testing multi-wire springs, this method, with quasi-static 

application of force, does not yield the expected result in the form of broken 

spring characteristics (Fig. 1). The characteristic’s progression is linear (Fig. 3). 

It stems from the fact that the characteristic’s shape is probably dependent on 

the phenomenon’s dynamics. With slow encumbrance of the spring, the wires 

slide with one another quickly enough, and there is no spring stiffening effect 

caused by friction between the wires. Keeping an appropriate initial tension, 

resulting from the pneumatic system’s geometry, is important as well. Creating 

such a measurement base made it possible to compare results from static and 

dynamic testing.  
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5. SPRING DURABILITY TESTING CONCEPT  

 
While designing the durability analysis, the decision was made to adapt 

existing stations: for kinematic analysis of the parts of the gun’s automation, 

such as the striker, barrel along with the chamber, and the ammunition belt 

shifter, as well as to determine the spring’s characteristic in static conditions.  

The station for static testing allows the dislocation to be measured using  

a tape measure, with the force measurement being carried out with  

a tensometric sensor with an in-built amplifier, as well as a reading system. The 

station was not modified. A diagram of the station is shown in Fig. 5. 

 

 
Fig. 5. Schematic diagram of the static test apparatus: 

1 – force sensor, 2 – spring, 3 – pressure plate, 4 – power screw 

 

The testing arrangement of the station for testing the gun’s kinematics was 

supplemented with a tensometric force sensor, allowing dynamic tests of the 

spring mounted inside the gun to be conducted during pneumatic reloading.  

A diagram of the station is shown in Fig. 6. 
 

 
Fig. 6. Schematic diagram of the dynamic test apparatus [5]: 1 – receiver cover,  

2 – feeder, 3 – return spring, 4 – striker, 5 – bolt, 6 – pneumatic reloading system,  

7 – receiver with the barrel, 8 – projectile chamber laser displacement sensor, 9 – striker 

laser displacement sensor, 10 – feed laser displacement sensor, 11 – force sensor 
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The testing apparatus (Fig. 6) is equipped with three laser displacement 

sensors (8, 9 and 10), allowing the gun’s operation cyclogram to be delineated. 

To delineate the characteristic of the dislocation of the spring’s front, a striker 

dislocation sensor (9) was chosen, as this part is coupled with the spring during 

the entire cycle of a given gun’s operation. The remaining parts join and 

separate from the spring during the cycle. For force measurement, a sensor from 

the static testing apparatus was used (11), in order to ensure a constant sensor 

measurement error. 

One of the problems that needed solving during the adaptation of the 

station for spring reaction force measurement was the way the force was to be 

transferred to the tensometric sensor. Modifying the gun’s rear so as to not 

transfer the spring’s reaction forces was considered (cutting out a fragment of 

the rear and supporting the head of the spring’s pin with the sensor). In the end, 

the decision was made to unscrew the rear by just one rotation. Such an 

operation causes the pin’s head to emerge from the pneumatic reload 

mechanism’s casing. In order to place the pin’s head back in the casing, sleeves 

with a screw mechanism (2), mounted on the force sensor (Fig. 7) were used. 

This allows for transferring the spring’s reaction forces onto the sensors and 

performing measurements of this value. The solution is shown in Fig. 7. 

 

 
 

Fig. 7. Method of transferring the force onto the sensor:  

1 – the force sensor, 2 – screw-mechanism sleeve [5] 

 

5.1. Measurement data acquisition 

 
All of the sensors used (laser displacement sensors and force sensor) 

generate a voltage between approx. -10 V and 10 V. Therefore, any device 

registering the signal’s progress in time can be used.  
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Several possible data acquisition devices were considered in the project.  

A comparison of the offered functionality is presented in Table 1. 

 
Table 1. A comparison of the functionalities of various devices for data acquisition [5] 

 

Functionality 

Device name 

Analogue 

recorder 

Digital 

oscilloscope 

multifunctional 

measurement card 

recording the 

data on a PC 
no yes yes 

recording data 

from multiple 

sensors 

yes: max. 2 yes: max. 4 

yes: over 100, also 

compatible with encoders 

and other specialised sensors 

generating 

control signals 
no no 

yes: both digital and 

analogue 

measurement 

automation 

capability: 

no 

yes: with 

external 

releasing 

yes: using software or 

external signals 

 

Based on the data contained in Table 1, it was assessed that the requirement 

of the capability of recording data digitally for further processing, i.e. 

determining the flexibility coefficients, is best fulfilled with the use of the 

measurement card, with the runner-up being the digital oscilloscope. 

Measurement cards and digital oscilloscopes can also cooperate with computer 

software for measurement automation, such as LabView by National 

Instruments. The decision was made to use Institute’s advanced PXIe 

measurement platform to carry out the measurements. The data and measured 

signal flow diagram are presented in Fig. 8. 

 
Fig. 8. Diagram of the measurement system [5] 
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The measurement system (Fig. 8) consists of peripherals (keyboard, mouse, 

screen), a computer along with the measurement card, constituting the PXIe 

platform, and sensors. A component not visible in the diagram is the 

measurement application coded in LabView, governing the operation of the 

measurement card and allowing the acquisition data to be input, then reading 

the measurement results. It is a so-called virtual measuring device. 

 

5.2. Research procedure 

 
The research procedure is made up of an ordered set of actions necessary to 

be performed in order to conduct laboratory research in conformity with the 

methodology. The research procedure must ensure the repeatability of the 

performed tests by way of clearly defining the conditions the tests were 

performed under, and what components should be used. The particular stages of 

the research procedure are presented in Fig. 9. 

 

 
 

Fig. 9. Research procedure to determine the NR-30’s return spring flexibility coefficient 

values: (the order of the actions has been marked using green arrows) [5] 

 

The procedure is made up of six stages: from preparing the station, through 

performing the measurements, to the method of their formulation and analysis. 

The order of the actions has been marked using green arrows.  
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The precise contents of every stage of the procedure has been presented in 

the cited literature. 

 

6. PROCEDURE VERIFICATION 

 
Within the framework of verification, the static and dynamic characteristic 

of the spring have been determined, as well as the kinematic characteristic of 

the movement of the striker, the shifter, and the ammunition chamber along 

with the barrel. Figure 10 shows the static characteristic of a NR-30 spring. 

 
Fig. 10. The static characteristic of the spring [5] 

 

The spring’s flexibility coefficients (Fig. 10) are: k1 = 3.42 N/mm k’1 = 3.14 

N/mm, where: k1 is the flexibility coefficient when the spring is compressed, 

and k’1 is the coefficient after the spring returns to the initial position. This 

means the hysteresis loop is very broad. Figure 11 shows the dynamic 

characteristic during the striker’s backward movement, obtained during the 

testing at the station (Fig. 6). 
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Fig. 11. The dynamic spring characteristic [5] 

 

The dynamic characteristic (Fig. 11) is markedly divergent from its static 

counterpart (Fig. 10). Initially, clear, fading force vibrations around a certain 

average are visible on the progression of the spring’s compression. These 

vibrations are likely caused by the distribution on the flat tension wave along 

the spring. This wave is created at the beginning of pneumatic reloading (the 

moment the pressure impulse appears). The force’s vibrations translate to 

periodic changes of the value of the flexibility coefficient.  

In order to estimate the flexibility coefficient values, the characteristic has 

been divided into intervals, with a local flexibility coefficient value analysis in 

the indeterminate state of the kI-kVII force, as well as the coefficient values in the 

determinate k1 and k2 states (Fig. 12). 

Judging by the characteristic breakdown and delineating the local trend 

functions, it can be noted that, in certain intervals, the achieved flexibility 

coefficient values are much higher than those calculated in the determinate 

state. Such large leaps of the flexibility coefficient value may influence the 

quick loss of durability which is typical of the NR-30’s return springs.  
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Fig. 12. The spring’s dynamic characteristic – striker’s backward movement [9] 

 

Fig. 13 presents an analysis of the trend for the dynamic characteristic of 

the spring’s striker. 

 
Fig. 13. The flexibility coefficient calculated from the trend’s function – striker’s 

forward movement [5] 
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At the return, the vibrations are not strong; it is, however, unknown if the 

specification’s breakpoint has been interpreted properly. The calculated 

coefficient acts in the same way as during dynamic compression.  

In order to make an attempt at the interpretation of such complex 

specifications, the striker and barrel movement’s kinematic characteristic were 

delineated and superimposed on the other characteristics (Fig. 14). 

 
Fig. 14. The static and dynamic specifications, as well as kinematic specifications, of 

the gun: kI - kVII – trend function intervals according to Fig. 12 [5] 

 

After having introduced all of the characteristics to one graph (Fig. 14), it 

can be observed that the first force drops (from 1200 N to 900 N) during 

dynamic compression stems from the first instance of the striker’s movement 

stopping. The second force drop (from 1150 N to 200 N) in associated with the 

sudden strike of the ammunition chamber against the gun’s body, during the 

return to the previous position. The station’s vibrations and the force’s impulse 

are so great that the force generated as a result of the strike opposes that exerted 

by the spring on the sensor. In the marked intervals (kI - kIV), no sudden changes 

to the striker’s movement occur, therefore it can be presumed that force impulse 

transfer wave phenomena on the particular coils occur in the multi-wire spring. 

A standing wave is probably created in the spring, resulting in the negative 

values of kII, kIV and kVI. 
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7. CONCLUSION 
 

The developed procedure of researching the dynamic properties of multi-

wire springs used in NR-30 guns has been positively verified in the course of 

the research conducted. It allows k1 and k2 to be determined in the entire spring 

deflection interval in the course of dynamic testing.  

Using a modern measurement solution in the procedure of measuring and 

acquiring data allowed for processing and gathering large quantities of data with 

very quick changes in real-time. 

The developed static and dynamic testing procedures, after performing  

a more precise verification on a larger spring population, may be used in the 

process of periodic servicing and repairing of NR-30 guns, and the values 

obtained with its use may be utilised: 

 in the currently-used, computer-based usage system, in order to assess 

their technical condition and lifetime prognosis, 

 in developing requirements for manufacturing new springs, 

 in testing springs with an unknown number of shots fired, or new ones. 

To the knowledge to the authors, the data of the kind presented herein has 

never been published in any scientific literature – neither Polish nor global – at 

any time prior. The effects from the verification testing show large fluctuations 

of the spring’s reaction force on the gun’s automation parts caused by wave 

phenomena, activation and deactivation of masses during movement, and 

friction resistance during cooperation with other flexible elements.  

The obtained experience may be used in further research works requiring 

advanced knowledge pertaining to measuring, processing, and acquiring data 

measured in dynamic conditions, as well as knowledge within the scope of 

dynamic testing of flexible elements used in other types of automatic weapons.  
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Procedura badawcza właściwości dynamicznych 

wielodrutowych sprężyn stosowanych w działkach NR-30 

 
Patryk MODRZEJEWSKI*, Zdzisław IDZIASZEK 

 
Wojskowa Akademia Techniczna,  

Wydział Mechatroniki i Lotnictwa, Instytut Techniki Uzbrojenia 

ul. gen. Sylwestra Kaliskiego 2, 00-908 Warszawa 
 
Streszczenie. W artykule przedstawiono koncepcję procedury badań właściwości 

dynamicznych wielodrutowych sprężyn stosowanych w działkach NR-30. Celem badań było 

sprawdzenie możliwości wyznaczenia granicznych wartości sprężystości sprężyny 

wielodrutowej dla działka NR-30 oraz weryfikacja uzyskanych wyników badań z badań 

poligonowych i statycznych (po długotrwałym ściśnięciu). Weryfikując metodę 

(wybrane pomiary czterech sprężyn o różnym stopniu zużycia), wykonano testy 

ściskania sprężyny statycznie oraz dynamicznie ze sprężyną zamocowaną na działku na 

specjalnie przygotowanych stanowiskach badawczych. Przy opisie stanowiska za ważny 

element należy uznać opis zastosowanej w badaniach metody pomiaru i akwizycji 

danych. Z uzyskanych wyników badań wywnioskowano, że w sprężynie podczas 

przemieszczania się uderzaka do tyłu prawdopodobnie zachodzą zjawiska falowe.  

Na uzyskanych wykresach można zauważyć fluktuacje wartości siły podczas 

przemieszczania sprężyny. Wyniki z badań dynamicznych i statycznych sprężyn  

(o różnym stopniu zużycia) umożliwiły autorom dokonanie oceny wpływu zużywania 

się sprężyny wielodrutowej na wartość siły jej oddziaływania na elementy automatyki 

działka NR-30. Na podstawie uzyskanych danych opracowano założenia do sposobu 

oceny trwałości sprężyn wielodrutowych i wykorzystania jej do oceny stanu zdatności 

tego typu sprężyn dla eksploatacji wg stanu technicznego. Do końcowego określenia 

wartości granicznych parametrów sprężyn niezbędne są dalsze badania na stanowisku  

z imitatorem obciążenia taśmą amunicyjną oraz imitacją przeciążeń układu 

kinematycznego działka w locie.  

Słowa kluczowe: badania dynamiczne, sprężyny wielodrutowe, badanie broni, 

szacowanie trwałości, działka lotnicze 

 

 

 

 

 

 

 

 

 

 

 
 


