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ABSTRACT 

The paper presents an investigation of regenerative braking in a hydraulic winch application. A model of 

hydraulic winch with energy absorber from negative load is executed. The research uses mechanic and hydraulic 

formula in calculation, where dynamics of actuator and effects of hydraulic oil are considered. The system is 

modelized and an equivalent mathematical model is developed. Numerical tools help to obtain reusable energy 

via simulation. The numerical results indicate that regenerative braking technology is a considerable solution for 

improving energy efficiency in hydraulic winch applications. 
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INTRODUCTION 

In recent years, fossil fuels are coming more expensive, and those sources are forecasted to be exhausted in near 

future. Regenerative braking, especially hydraulic regenerative braking is applied widely day by day for energy 

economy improvement in many power transmission systems as an effective solution. So, the technology takes 

an important role in hybrid vehicles and attracts interest of many researchers and manufacturers. But in 

industries, regenerative braking in hoisting winches still seems to be a lack of research. While the technology 

appears in many publications of hybrid vehicles as in [1-3], hydraulic regenerative braking is just found in a few 

works as: partent of hydraulic winch of Hakon S. Pedersen [4], Chen et. al. [5] investigated the energy 

regeneration in a crane hoisting system using hydraulic-electric hybrid structure, Emil Lantto [6] mentioned 

integrated brake in hydraulic motor for winch applications in his master thesis. The general picture shows that 

regenerative braking in hydraulic winch applications should be studied deeply for exploiting this technology 

potiential. The paper presents a study on regenerative braking in a hydraulic winch application. A typical 

configuration of hoisting winch is developed in mathematical model with energy absorber added. The model 

which is built with dynamical parameters can get system performance quickly. The influence of hydraulic oil is 

also involved in calculation. The obtained results indicate that regenerative braking technology can make energy 

usage effectiveness is very remarkable. 

HYDRAULIC REGENERATIVE BRAKING DYNAMICS  

Figure 1 illustrates a diagram of hydraulic hoisting winch which was added regenerative braking block. It 

includes: a hydraulic power unit (pump (1) and relief valve (2)), directional control valve (3), accumulator block 

(4) and hydraulic rotary actuator (pump/motor set) (5). The operation of the system consists of hoisting load and 

lowering load. In hoisting load process, hydraulic power unit pushes oil through check valve, 4/3 valve (in b 

mode), to actuator working in motor mode to drive winch drum. In lowering load process, negative load makes 

actuator work in pump mode, pushes oil from tank to the accumulator. It means potential energy is converted 

into high pressure energy in the accumulator. The process is regenerative braking. In case of emergency, 

mechanical braking can assist hydraulic pump in controlling lowering speed. If the accumulator is full but load 

is still in lowering process, a relief valve in accumulator block will allow oil flow back hydraulic tank. The 
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energy stored in accumulator can reused in following cycle or different duties. By this way, potential energy of 

negative load works as a useful power instead of transferring totally into waste heat in conventional way. So, in 

regenerative braking system, the hydraulic actuator must operate in two modes: pump and motor. Therefore, the 

machine efficiency plays an significant role in total efficiency of system.  

 

Figure 1. Diagram of hydraulic hoisting winch 

In theory, hydraulic actuator (P/M) characteristics are described by following formulas: 
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where Q is flow rate, T is shaft torque, N is shaft power, D is P/M displacement, x is control coefficient (from 0 

to 1), z is operation mode (1 for pump and -1 for motor). In regenerative braking process, P/M pumps oil into 

accumulator which operates usually in the range of two pressure levels: minimum pressure p1 an maximum 

pressure p2. The most popular type of accumulator is gas loaded accumulator with precharge pressure p0 (~0.9 

p1). For a polytropic process: 
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where Va is oil volume; V0, V1, V2 are gas volume at p0, p1 and p2, respectively; k is specified coefficient and 

equals 1.4 in adiabatic process. When the accumulator is full of oil at pressure p2, the stored energy is defined 

by: 
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The more high pressure oil is stored in the accumulator in lowering load process, the better regenerative braking 

performance is. Therefore the volume of accumulator need to be: 
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Hydraulic fluid is a material to transfer power in the system or the machinery. Users have to be aware of 

hydraulic fluid properties and its effect on hydraulic system. Because the performance of pumps/ motors are the 

important parameters for the overall efficiency of the system. There are two types of hydraulic efficiencies: 

mechanical efficiency and volumetric efficiency. Mechanical efficiency is consequence of frictional losses and 

volumetric efficiency is consequence of flow losses. Both of them relate to the viscosity of fluid materials. 

Mechanical losses are proportional to the fluid viscosity but volumetric losses are inverse proportional to 

viscosity. For maximizing efficiencies in hydraulic circuit, the sum of two losses should be minimized and 

balanced. As mentioned above, for regenerative braking in hydraulic hoisting winch, the hydraulic machine 

operates in two modes in each cycle: pump and motor. So, the influence of viscosity of fluid materials is more 

significant. Generally, the hydraulic fluids have many properties and some them are density (ρ), viscosity and 

Bulk modulus. Bulk modulus takes impressed influence in hydraulic actuators having large chambers. For rotary 

actuators, the most important property of the fluid materials is viscosity and it is expressed by two forms: 

dynamic viscosity and kinematic viscosity. The dynamic viscosity (µ) is force per unit area (shear stress) 

required to move one surface over another and is known as Newton’s law of viscosity in a second as below: 

du

dy
                                                                                                                                                               (7) 

with the term (u/y) is the change in velocity with y, or the velocity gradient. In calculation, an other quantity is 

kinematic viscosity which is defined by the ratio of - absolute (or dynamic) viscosity to density – an  quantity in 

which no force is involved. 

 





  (8) 

 

where ʋ is kinematic viscosity and ρ is fluid density. According to Jacek S. Stecki and Andrzei Garbacik [7], the 

model of volumetric losses for a pump can be presented as: 
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with Kvµ is a constant dependent on pump construction; l, b, c is length, width and height of the flow passage, 

respectively; ΔP is the pump pressure differential. Beside volumetric losses, there is torque losses in a hydraulic 

pump caused by fluid friction and mechanical friction. These losses depend on many factors such as speed, fluid 

viscosity, load… Overall efficiency of pumps and motors is presented conveniently by using a dimensionless 

parameter: 

P
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where ω is angular speed. Then volumetric, hydro - mechanical and overall efficiencies can be described as 

functions of σµ.  

Each type of hydraulic pump/motor has recommended fluid materials with suitable viscosity due to its structure 

defined by manufacturers. The viscosity within the recommended range will help pump/motor operating at 

maximum efficiency region and increasing pump/motor life. Table 1 below illustrates the influence of viscosity 

on oil flow in drain line of a typical motor [8]. It simply indicates that volumetric loss of motor when using 20 

mm
2
/s oil is 1.5 times more than when using 35 mm

2
/s oil. 

Table 1. The influence of viscosity on oil flow in drain line 

Pressure drop bar [PSI] Viscosity  

mm
2
/s [SUS] 

Oil flow in drain line  

l/min [US gal/min] 

140 [2030] 20 [100] 1.5 [0.4] 

35 [165] 1.0 [0.26] 

210 [3050] 20 [100] 3.0 [0.79] 

35 [165] 2.0 [0.53] 

Mechanical efficiency of hydraulic pump/motor may be not a decisive factor in total mechanical efficiency of 

winch system. But its volume efficiency is really influential in total effectiveness due to volume of oil stored in 

accumulator. 

SYSTEM MODELING AND NUMERICAL SIMULATION  

According to the aforementioned formulas above, mathematical models of system are modelized in 

Matlab/Simulink. The models help to investigate performance of regenerative braking in a hydraulic hoisting 

winch quickly with dynamical parameters, in which the viscosity influence of two fluid materials is involved. 

Potential energy of negative load is stored into the accumulator instead of transferring it into frictional heat. It 

requires 2 conditions: the displacement of pump/motor is large enough for hoisting and safe braking, the 

accumulator can store almost energy during braking process. Figure 2 plots the dependence of pump/motor 

displacement on maximum load and working pressure. 

 

 

Figure 1. Dependence of required displacement of P/M on working load and working pressure 
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The second important equipment in regenerative braking system is accumulator. The study uses a gas-loaded 

type accumulator. Its size is decisized by maximum and precharge pressure. Figure 3 describes the relation as 

below. 

 

Figure 3. Dependence of accumulator volume on maximum and precharge pressure 

The simulation is implemented with some assumptions: no temperature effect on hydraulic fluid material 

viscosity, hoisting/lowering load at same speed, neglecting leakage in hydraulic valve, total efficiency is of 0.9 

during operation,... The hydraulic winch specifications are in Table 2. Two types of hydraulic fluids have 

kinematic viscosity values: 20 and 35 mm
2
/s (cSt).  

Table 2. Specifications of hydraulic hoisting winch 

Quantity Symbol Value (units) 

Max. Load M 15000 (kg) 

Winch drum radius R 0.2 (m) 

Working pressure P 150 (bar) 

Planetary gear ratio i 109.2 

Max. Displacement of Pump/Motor D 200 (cc/rev) 

Hoisting/Lowering speed  v 0.05 (m/s) 

Highest hoisting height h 15 (m) 

Accumulator precharge pressure P0 180 (bar) 

Accumulator min. working pressure P1 200 (bar) 

Accumulator capacity V0 500 (liter) 

 

Figure 4 is the model for lowering load. The stored energy is released for hoisting load in next operating cycle 

and Figure 5 is model for this process.  
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Figure 2. Calculation model for lowering load process (storing energy in the accumulator) 

 

Figure 3. Calculation model for hoisting load process (releasing stored energy from accumulator). 

Figure 6 shows the volume of oil stored in accumulator during regenerative braking process. In next operating 

cycle, the oil is reused for hoisting load without supplied oil from power unit. Figure 7 describes the oil released 

from the accumulator.  

 

Figure 4. Volume of hydraulic oil stored during regenerative braking process 
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Figure 5. Volume of hydraulic oil released from the accumulator 

The figures show that recycle energy ratios are 67.08% for 20 cSt oil and 71.57% for 35 cSt oil.  These values 

demonstrate remarkable effectiveness of regenerative braking technology in hydraulic winch applications. The 

obtained results also imply that the more viscous fluid makes regenerative braking performance better in this 

study. The difference of ~4.5% is significant for such a system operating many cycles a day.  

CONCLUSION 

The paper presents a study on regenerative braking technology in a hydraulic hoisting winch. A review of 

hydraulic machinery and oil viscosity is taken and involved in investigation. The developed numerical models 

can solve the calculation conveniently for many dynamic parameters sets. Although the work is implemented 

under some asumptions and system specifications have not been optimized, however, the obtained results assert 

that regenerative braking technology has remarkable potential in hydraulic winch applications. These 

achievements are useful references for prospective work in related research fields. 
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