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Abstract 

The paper highlights that hydraulic systems are widely used in various machine applications. Among 
the evaluation criteria for these systems, the noise-related criterion is also considered. This criterion 
also applies to micro-hydraulic systems, as the permissible level of noise emitted into the 
environment is linked to the installed power, which in micro-hydraulic systems is at least an order 
of magnitude lower than in conventional hydraulic systems. Failure to comply with EU ambient noise 
emission standards may result in the machine not being approved for use. It is therefore important 
to identify noise sources and minimize them. It has been noted that, in hydraulic systems, the primary 
source of noise is pressure pulsation across a wide frequency range. Moreover, it has been pointed 
out that low-frequency noise and vibrations are particularly harmful to humans. Thus, pressure 
pulsation dampers are proposed that are effective both at specific forcing frequencies and across a 
wide frequency range. Experimental results of a micro-hydraulic system are presented. 

Keywords: machines; micro-hydraulic system; hydraulic damper; pressure pulsation; vibration; 
noise; frequency 
 

1. Introduction 

Despite increasing competition from electric and pneumatic drives, hydraulic systems continue 
to play a crucial role in modern engineering. Their application remains particularly strong in 
technological and mobile machinery [1], as well as in marine technologies [2] and aircraft [3], where 
reliability, compactness, and high power density are essential. In recent years, the scope of hydraulic 
applications has expanded beyond traditional large-scale systems. Miniaturized hydraulic drive 
solutions, often referred to as micro-hydraulics or small-scale hydraulics, are gaining increasing 
attention. These systems are increasingly integrated into compact devices and specialized 
applications [4], where they provide unique advantages such as the ability to transmit significant 
power within a limited space, precise motion control, and robustness under demanding operating 
conditions. 

The development of such small hydraulic systems (with examples of micro-hydraulics in 
machines and equipment shown in Figure 1) is being driven by advancements in materials, 
manufacturing techniques, and microfabrication technologies. This opens new possibilities for their 
use in fields such as medical equipment [5], mobile and rescue equipment [6], and industrial portable 
tools [7], where the combination of high power output and miniaturization is becoming increasingly 
important. 
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Figure 1. Examples of micro-hydraulics in machines and equipment (partly based on [5–7]). 

The current development of micro-hydraulics, similar to standard hydraulic technology, is 
linked to the proliferation of electronics and automation systems in mechanical engineering. The 
main advantage of hydraulic drive and lubrication systems is their extensive capability to control 
both the speed and power of the consumers [8]. The introduction of modern multi-level electronic 
systems into hydraulic systems has enabled smoother control and a significant reduction in emitted 
noise [9]. Additional work is currently underway to optimize the design of micro-hydraulic system 
components [4]. This mainly involves two directions: minimizing weight, which requires reducing 
overall dimensions, and reducing noise emissions. In addition, several recent research studies have 
analyzed the influence of design and operating parameters in micro-hydraulic systems [10–14]. Their 
introduction has significantly contributed to the adoption of central lubrication systems, as these rely 
on the transport of small fluid volumes. In the case of micro-hydraulic drive systems, their key 
advantage is the ability to transmit high power. The introduction of modern, sophisticated electronic 
systems into hydraulic systems has resulted in smoother control and reduced noise emissions. 

However, the problem of hydraulic system noise persists, while permissible noise levels are 
gradually being reduced [15]. This problem is also present in micro-hydraulic systems, where noise 
level reduction is required by laws and regulations. Noise level is a key factor in assessing the 
performance and quality of machinery and equipment. With regard to noise control, the European 
Union’s Machinery Directive 2006/42/EC [16] requires that machines be designed and manufactured 
to minimize noise hazards to the lowest achievable level, in accordance with technological 
advancements and feasible noise-reduction methods, particularly at the source of emission. This 
principle is further reinforced by Directive 2000/14/EC [17], which sets limits on the permissible 
sound power levels of machines that emit noise into the environment. 

The main sources of noise in hydraulic systems are fluid flow phenomena (e.g., cavitation) and 
pressure shocks [18]. Percussive pressure changes can be either impulsive (e.g., caused by water 
hammer or a sudden change in load on a hydraulic receiver) or periodic (e.g., resulting from pressure 
pulsation). Additionally, the interaction between mechanical vibrations and pressure pulsations in 
micro-hydraulic systems can be interpreted in two ways. In the first case, pressure pulsations in the 
fluid generate vibrations in system components, such as micro-lines or micro-valves [19]. In the 
second case, the situation is reversed – mechanical vibrations of system elements lead to pressure 
pulsations, which in turn actuate the control elements of micro-valves, such as distributor slides or 
poppet lifts [20]. In such systems, variations in fluid pressure are largely attributed to pulsations in 
the output of the working fluid [21], which arise from the kinematic characteristics of the 
displacement components of the micro-pump [22]. These output pulsations result in a periodically 
varying pressure distribution across the micro-hydraulic system, typically following a harmonic 
pattern and generating noise in the application. The frequency of this pressure pulsation matches the 
frequency of the pump’s output fluctuation [23,24] and additionally excites mechanical vibrations in 
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elements such as hydraulic lines and valves, which ultimately generate most of the noise in hydraulic 
applications. 

Excessive noise and vibration generated by machines and equipment can have harmful impacts 
on both the environment and humans [25]. For the human body, the most critical range is within the 
low-frequency spectrum, especially at frequencies below 100 Hz [26,27]. These challenges highlight 
the importance of research aimed at reducing noise and vibration in micro-hydraulic systems, 
particularly because such technologies are often used in close proximity to workers during 
continuous operation. The present research paper focuses on effective methods for reducing pressure 
pulsation amplitudes through the use of pressure pulsation dampers in micro-hydraulic systems. The 
conceptual and theoretical considerations were supported by experimental verification. 

2. Causes of Uneven Performance of Positive Displacement Pumps 

A characteristic feature of positive displacement pumps is the cyclic nature of their operation. 
During the rotation of the pump drive shaft, each positive displacement element completes a suction 
and discharge cycle. This results in an uneven transfer of fluid from the suction space to the discharge 
space of the pump [28–30]. Another phenomenon contributing to the non-uniformity of the flow rate 
is the often-varying speed of the fluid-displacing element. To determine the magnitude of 
performance pulsations, a performance non-uniformity coefficient has been introduced, which is 
described in detail in the literature [31–33]: 𝛿௣ = 𝑄௠௔௫ − 𝑄௠௜௡𝑄௔௩௥ , (1)

where: Qmax – maximum instantaneous capacity; Qmin – minimum instantaneous capacity; Qavr – 
average capacity. 

A comparison of capacity irregularities for different types of hydraulic pumps is shown in Figure 
2 below. 

 

Figure 2. Comparison of the coefficient of capacity inequality for different types of positive displacement pumps 
[34]: 1 – Screw pump; 2 – Piston pump with odd number of pistons; 3 – Gear pump with internal gearing; 4 – 
Vane pump; 5 – Piston pump with an even number of pistons; 6 – Gear pump with external gearing. 

The analysis of the graph above shows that piston pumps with an even number of displacement 
elements are characterized by a higher coefficient than pumps with an odd number of displacement 
elements. In addition, screw pumps, piston pumps with an odd number of pistons, and gear pumps 
with internal gears are characterized by the lowest values of the capacity pulsation coefficient. As 
shown in Equation (1), the capacity non-uniformity coefficient assumes constant numerical values 
for the pump under consideration. As a result, performance pulsations cannot be analyzed in either 
the time or frequency domain. 
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Depending on the type of positive displacement pump (design variant), suitable mathematical 
models of instantaneous capacity are used to describe pump capacity pulsations as a cause of 
pressure pulsation. Common types of pumps include vane pumps, gear pumps, and axial or radial 
piston pumps. The instantaneous capacity of a single-acting vane pump, accounting for vane 
thickness, can be expressed as [35]: 𝑄 = ቂ𝑟௟ − 𝑒2 ∙ ሺ1 + 𝑐𝑜𝑠𝜑௟ሻቃ ∙ 𝜔௟ ∙ 𝑏௟ ∙ 𝑒 ∙ ሺ1 − 𝑐𝑜𝑠𝜑௟ሻ − 𝑒 ∙ 𝜔௟ ∙ 𝑏௟ ∙ 𝑠௟∙ ቄ𝑠𝑖𝑛𝜑௟ + 𝑠𝑖𝑛ሺ𝜑௟ + 𝛼௟ሻ+. . . +𝑠𝑖𝑛 ቂ𝜑௟ + ቀ𝑧௟2 − 1ቁ ∙ 𝛼௟ቃቅ, (2)

where: rl – stator turning radius; sl – blade thickness; bl – blade width; zl – number of blades; αl – centre 
angle of blade spacing in the rotor; ωl – angular velocity of the pump shaft. 

The mathematical model described by Eq. (2) was implemented in the MATLAB environment 
using the Simulink package. To perform a computer simulation of the instantaneous capacity of the 
vane pump, the technical documentation of the V3-63 pump, manufactured by Fabryka Elementów 
Hydrauliki Ponar-Wadowice S.A., was used [36]. The simulation model makes it possible to obtain 
the time profile of the pump’s efficiency for user-defined design parameters (i.e., stator turning 
radius, blade width and thickness, number of blades) and operational parameters (i.e., drive shaft 
rotational speed, eccentricity value), and to record the results in the workspace for further analysis. 
Based on Eq. (2) and the performed simulation, the instantaneous capacity waveform of the V3-63 
vane pump is obtained, as shown in Figure 3(a). Figure 3(b) presents the amplitude–frequency 
spectrum of the capacity pulsation. 

  
(a) (b) 

Figure 3. Pump simulation results: a – Theoretical instantaneous capacity as a function of time for the V3-63 vane 
pump (rotational speed: 1450 rpm); b – Amplitude–frequency spectrum of the instantaneous capacity of the V3-
63 pump. 

The frequency values of the individual harmonic components of the spectrum are given by the 
following relationship: 𝑓௄ = 𝑛௣ ∙ 𝑧௟ ∙ 𝐾60  , (3)

where: np – pump shaft speed (rpm); K – consecutive component number (= 1...Ki). 
The pump under consideration has 15 vanes (zl), and the pump shaft speed is 1450 rpm. As can 

be seen in Figure 3(b), the first component of the spectrum (K = 1) occurs at a frequency of f1 = 362 Hz. 
Subsequent components are integer multiples of this frequency. Furthermore, due to the impedance 
of the hydraulic system, capacity pulsations generate pressure pulsations at corresponding 
frequencies. 

The pressure pulsation spectrum also includes harmonics at lower frequencies. Hydraulic valves 
used in systems installed in mobile machinery or transport vehicles are subjected to external 
mechanical vibrations. The frequency range of these vibrations is wide, starting from a few hertz. The 
natural frequencies of the control elements of hydraulic valves fall within this range. Compared to 
conventional hydraulic valves, micro-hydraulic valves exhibit higher natural frequencies. If the 
frequencies of external mechanical vibrations are close to the natural frequencies of a hydraulic 
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valve’s control element (e.g., spool, poppet, ball) and the direction of these vibrations coincides with 
the movement direction of the control element (e.g., spool movement within the valve body), 
vibrations of this element may be excited, leading to the appearance of additional harmonics in the 
pressure pulsation spectrum. Figure 4 shows the amplitude–frequency spectrum of pressure 
pulsations in a hydraulic system subjected to external mechanical vibration applied to a single-stage 
relief valve. The valve body was subjected to vibrations with frequencies ranging from 10 to 40 Hz. 

 

Figure 4. Amplitude-frequency spectrum of pressure pulsations with an oscillating relief valve. 

In the spectrum shown in Figure 4, the dominant harmonic component is the pressure pulsation 
resulting from the displacement pump’s capacity pulsation and the hydraulic system’s impedance. 
In this spectrum, harmonic components appear at lower frequencies, corresponding to the external 
mechanical vibrations acting on the relief valve body. These pulsations propagate through the 
hydraulic hoses and fluid to distant parts of the hydraulic system, causing vibration excitation and 
noise generation. Reducing the amplitudes of pressure pulsations decreases the excitations acting on 
hydraulic system components, thereby reducing the vibrations and noise generated by the hydraulic 
or micro-hydraulic system. 

3. Application of a Spiral Passive Damper in a Micro-Hydraulic System 

To reduce the amplitude of pressure pulsations, a passive branch-type damper can be used. In 
addition, to reduce the space occupied by the damper, it may be designed in a spiral shape. This type 
of damper has a selective effect, i.e., it is effective at a specific pressure pulsation frequency. The 
effectiveness of the damper is determined by its length: the lower the frequency to be damped, the 
longer the damper must be. The construction of a spiral branch damper consists of a spiral pipe of 
sufficient length and radius of curvature, connected perpendicularly to the main pipe and sealed at 
the end. The basis for determining the length of the spiral pipe, which forms the spiral damper, is a 
hydraulic transmission line model described by distributed parameters. The following equation 
presents a matrix transition function in operator form, taking into account the pressure p and flow 
rate Q at both ends of the hydraulic transmission line (the start and end of the damper), expressed as 
[33,37–39]: ቂ𝑝ଵ𝑄ଵቃ = ቈ 𝑐𝑜𝑠ℎ൫𝐿 ∙ Γሺ𝑠ሻ൯ 𝑍௖ሺ𝑠ሻ ∙ 𝑠𝑖𝑛ℎ൫𝐿 ∙ Γሺ𝑠ሻ൯𝑍௖ି ଵሺ𝑠ሻ ∙ 𝑠𝑖𝑛ℎ൫𝐿 ∙ Γሺ𝑠ሻ൯ 𝑐𝑜𝑠ℎ൫𝐿 ∙ Γሺ𝑠ሻ൯ ቉ ቂ𝑝ଶ𝑄ଶቃ , (4)
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where: p1 – pressure at the inlet of the spiral damper; p2 – pressure at the outlet of the spiral damper; 
Q1 – flow rate at the inlet of the spiral damper; Q2 – flow rate at the outlet of the spiral damper; L – 
length of the spiral damper. 

Since the damper is a pipe closed at the end, Q2 = 0 is assumed. Multiplying the matrix 
expressions yields Eq. (4), which defines the initial impedance of the damper as the ratio of the 
pressure amplitude at the inlet to the amplitude of the flow pulsation at the inlet, taking into account 
the quasi-estimated friction loss model [33]: 

𝑍஽ =  𝑝ଵ𝑄ଵ =  𝑐𝑜𝑠ℎ൫𝐿 ∙ Γሺ𝑠ሻ൯ ∙ 𝑝ଶ𝑍௖ି ଵሺ𝑠ሻ ∙ 𝑠𝑖𝑛ℎ൫𝐿 ∙ Γሺ𝑠ሻ൯ ∙ 𝑝ଶ =  ට𝐸௭௦ ∙ ሺ𝑅௦ ∙ 𝜋 ∙ 𝑟ଶ + 𝜌଴ ∙ 𝑠ሻ𝜋ଶ ∗ 𝑟ସ ∗ 𝑠𝑡𝑔ℎ ቆ𝐿 ∙  ට𝑅௦ ∙ 𝜋 ∙ 𝑟ଶ ∙ 𝑠 + 𝜌଴ ∙ 𝑠ଶሻ𝐸௭௦ ቇ  ; (5)

𝑅௦ =  ൬ 8 ∙ 𝜇𝜋 ∙ 𝑟ସ൰ ∙ ൤1 + ൬ 𝑅𝑒 ∙ 𝑟64 ∙ 𝜋 ∙ 𝑅൰ ∙ ൬0,131 + 1,847 ∙ ቀ𝑟𝑅ቁଷ,ହ൰൨. (6)

The solution of the spiral damper’s mathematical model involves determining the minimum 
impedance value as a function of its length for a given forcing frequency (the frequency of the 
pressure pulsation to be damped). The effectiveness of the designed damper also depends on the 
friction loss model used to determine its initial impedance. Given the typical number of pump 
displacement elements and the average drive shaft speed, the first harmonic component of the 
performance pulsation spectrum, equal to 120 Hz, was used for the calculation. The following data 
were used to determine the initial impedance modulus: fundamental pump harmonic f₁ = 120 Hz, 
pipe diameter d = 4 mm, and HLP22 hydraulic oil. Figure 5 shows the initial impedance for the quasi-
stationary linear (branch) damper model and the quasi-stationary spiral damper model. 

 

Figure 5. Initial impedance modulus ZD of the branch damper for different friction models as a function of its 
length L0 (pump speed: 800 rpm; first harmonic pump pulsation frequency: 120 Hz; average pressure: 5 MPa; 
HLP22 hydraulic oil; oil temperature: 40 ℃; oil density: ρ = 865 kg/m3; inner pipe radius: r = 2 mm; pipe spiral 
bend radius: R = 27 mm; wave propagation velocity: c0 = 1273 m/s). 

Figure 5 shows that the spiral damper is shorter than the linear damper. For an excitation 
frequency of 120 Hz, the impedance minimum of the spiral damper occurs at a length of 
approximately 2.53 m, while for the linear damper it occurs at approximately 2.64 m. 

4. Experimental Verification of the Effectiveness of the Spiral Damper 

To confirm the previous considerations regarding the effectiveness of the spiral damper, 
experimental tests were carried out on a specially designed and manufactured micro-hydraulic test 
rig (a schematic of the test stand is shown in Figure 6). 
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Figure 6. Schematic diagram of the hydraulic system for pressure pulsation testing after damper installation: 1 
– Tank; 2 – Suction filter; 3 – Hydraulic pump; 4 – ROTEX GS clutch; 5 – Tachometer; 6 – MT5Nm-N24 torque 
meter; 7 – Slh80-B2/PO electric motor (0.75 kW); 8 – Control cabinet with inverter SS-01/07-10/PWR11; 9 – 
Piezotronics 105C23 PCB piezoelectric pressure sensor; 10 – Spiral pressure pulsation damper; 11 – PCB 
Piezotronics 105C23 Piezoelectric pressure sensor; 12 – Manometer; 13 – Cut-off valve; 14 – Safety valve; 15 – 
Flow meter; 16 – Adjustable throttle valve; 17 – Flow meter; 18 – Cooler; 19 – Thermometer. 

The source of the pressurised fluid flow is the positive displacement pump (3) WPH PZ3-0.6. 
The pump has 14 teeth on both the active and passive wheels, with a unit capacity of cm3/rev. To 
ensure adequate suction conditions, the tank (1) is installed above the pump (3). The pump’s rotary 
shaft speed was monitored using a tachometer (5). A pressure pulsation sensor (9) was installed on 
the hydraulic line downstream of the displacement pump, followed by the damper under test (10) 
and another pressure pulsation sensor (11) immediately downstream. A pressure gauge (12) was 
used to monitor average pressure. During data recording, the system’s connection to the manometer 
was cut off using a shut-off valve (13). The measuring system was equipped with a safety valve (14) 
and a flow meter (15), which was used to monitor the opening of the safety valve. The system 
pressure was set using a throttle valve (16). The flow rate was measured using a flow meter (17). A 
cooler (18) with a controller and a fan driven by an electric motor was used to stabilize the 
temperature of the working fluid. The motor (7) driving the displacement pump was connected to a 
control cabinet (8). This allowed the measuring system to adjust the pump speed. 

Figure 7 shows the measuring station (test stand) where the verification measurements were 
carried out. 
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Figure 7. Test stand: 1 – Tank; 2 – Gear pump WPH PZ3-0.6; 3 – Tachometer; 4 – Torque meter MT5Nm-N24; 5 
– Electric motor Slh80-B2/PO (0.75 kW); 6 – Control cabinet with inverter SS-01/07-10/PWR11; 7 – Spiral pressure 
pulsation damper; 8 – Safety valve; 9 – Flow meter; 10 – Adjustable throttle valve; 11 – Flow meter; 12 – Oil 
cooler; 13 – Thermometer. 

Measurements were carried out using Piezotronics 105C23 piezoelectric PCB pressure sensors. 
The signal collected by the sensors was sent to a Dewesoft measurement card, where analogue-to-
digital conversion and data acquisition were performed. Data processing was performed in the 
Microsoft Excel environment. The length of the spiral damper was varied from 2370 mm to 2860 mm 
in steps of 10 mm. The test bench was filled with HLP 22 oil, with a density of ρ = 865 kg/m³. 
Characteristic data of the damper pipe: inner radius r = 2 mm; bend radius of the spiral R = 27 mm. 
Figure 8 shows an example of measurements obtained for a system without a damper, recorded 
downstream of the blinded location of the anticipated damper. 

 

Figure 8. Pressure pulsation measurement without a damper (f1 = 120 Hz at n = 800 rpm); oil temperature: 50 °C; 
average pressure: 5 MPa). 

Figure 9 shows a comparison between the impedance model of a spiral damper and the 
measured pressure pulsations for the damper as a function of its length. 

 

Figure 9. Comparison of spiral damper impedance and pressure pulsation as a function of damper length (pump 
speed: 800 rpm; first harmonic pump pulsation frequency: 120 Hz; average pressure: 5 MPa; fluid temperature: 
50 ⁰C). 
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Figure 9 shows that changing the damper length for a given excitation frequency alters the 
damper’s impedance. For a given excitation frequency, it is possible to select a damper length that 
provides maximum effectiveness. 

5. Reduction of Pressure Pulsations Over a Wide Frequency Range 

As indicated, a passive branch-type damper is effective at the selected forcing frequency. 
However, the pressure pulsation spectrum may contain both low- and high-frequency harmonics. In 
such cases, a broadband damper can be used to reduce pressure pulsations across a wide frequency 
range [40]. A broadband damper combines a passive branch damper with an active damper. The 
branch damper, with length L, reduces pressure pulsation amplitudes at higher frequencies, while 
the active damper reduces them at lower frequencies. The branch passive damper operates on the 
principle of reflection and interference between the incident and reflected waves. The active damper 
operates on the principle of absorbing the incoming wave. It consists of a hydropneumatic 
accumulator and a piston moving within a cylinder. A schematic of the broadband damper is shown 
in Figure 10. 

 

Figure 10. Schematic of the broadband damper construction: A – Passive branch damper; B – Active damper (1 
– Cylinder with moving piston; 2 – Hydropneumatic accumulator; 3 – Accumulator charging cut-off valve). 

The passive damper (part A in Figure 10), which is part of the broadband damper, is most 
effective when its initial impedance reaches a minimum, analogous to the spiral damper. On the other 
hand, the active damper (part B in Figure 10), which forms part of the broadband damper, is most 
effective when its natural frequency equals the forcing frequency (the frequency of the pressure 
pulsation to be suppressed). The selection of active damper parameters reduces to ensuring that the 
resonant frequency of the piston–hydropneumatic spring system equals the pressure pulsation 
frequency fw to be suppressed. The resonant frequency of the active damper is given by the following 
relation [37,40]: 

𝜔 = ඨ 𝑛𝐹଴ଶ𝑝௞ଶ𝑝଴𝑉଴𝑚௭௥ , (7)

where: n – the polytropic exponent; F0 – active surface area of the piston; pk – value of the pressure in 
the system; p0 – value of the initial pressure of the gas in the accumulator; V0 – initial volume of the 
gas in the accumulator; mzr – reduced mass of the oscillating system. 
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6. Experimental Verification of the Effectiveness of a Broadband Damper 
Experimental verification of the effectiveness of the proposed broadband damper solution was 

conducted on a real object: the lifting mechanism of a wheel loader boom with a micro-hydraulic 
system (see Figure 11). For this purpose, the system was placed in an acoustic diffusion chamber. A 
comparative acoustic study was carried out on the system without a damper and with a damper. 

 

Figure 11. Diagram of the micro-hydraulic system for lifting the loader boom with throttle valves and a damper: 
1 – Pump; 2 – Directional control valve R1011VF1V; 3 – Throttle valve; 4 – Broadband damper; 5 and 6 – Pressure 
sensors; 7 – Cut-off valve; 8 – Pressure gauge. 

The corrected sound pressure level was recorded for the system during boom lifting at a fixed 
pump drive shaft speed. Two series of measurements were carried out under identical conditions: 
one with a damper and one without. Figure 12 shows the results of the acoustic measurements. 

 

Figure 12. Comparison of the third-order noise spectrum of the micro-hydraulic system (pump speed: n = 1000 
rpm). 

The results shown in Figure 12 indicate that, for most frequencies in the spectrum, noise 
reduction was achieved through the use of a pressure pulsation damper. The greatest noise reduction 
in the tested hydraulic system was observed at low frequencies of approximately 50 Hz (Figure 13). 
The reduction efficiency of the corrected sound pressure level LA is defined as the ratio of the 
amplitude LAd (system with damper) to the amplitude LAw (system without damper) at the selected 
frequency. 
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Figure 13. Effectiveness of the broadband damper as a function of frequency. 

Experimental studies have shown that the proposed broadband damper is effective over a wide 
frequency range and functions as an acoustic filter. The experimental results confirm that the 
broadband damper significantly attenuates pressure pulsations across a wide frequency range in the 
micro-hydraulic system. Notably, the most pronounced noise reduction occurred at lower 
frequencies near 50 Hz, validating the damper’s design objectives. These findings demonstrate the 
damper’s practical effectiveness and highlight its potential for improving acoustic performance in 
similar hydraulic applications. 

7. Conclusions 

The paper points out that an operating micro-hydraulic system is a source of vibration and noise 
across a wide frequency range. The main cause of noise in hydraulic systems is impact pressure 
variations of the working fluid, either impulsive or harmonic. Pressure pulsations can be caused by 
displacement pump capacity fluctuations and by external mechanical vibrations acting on hydraulic 
valves. The resulting pressure pulsation is characterized by a wide frequency range. The problem of 
noise is also significant in micro-hydraulic systems. In these systems, the limited amount of available 
space presents an additional constraint. A passive spiral branch damper is proposed for use in micro-
hydraulic systems. The form of the initial impedance function of the damper, which determines its 
effectiveness, is presented. This damper has a selective effect while occupying much less space than 
a straight-axis damper A broadband damper, consisting of a branch (straight-axis) passive damper 
and an active damper, was used for pressure pulsation and noise reduction over a wide frequency 
range A condition for the effective operation of the active damper is defined. The conceptual and 
theoretical considerations were experimentally verified. 
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