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Abstract.

The control of hydraulic motors supplied via long hydraulic lines presents significant
challenges, particularly for high-speed operation and loads with high rotational inertia.
This study investigates a hybrid hydraulic wire saw attachment equipped with a fixed
displacement motor and supplied by two alternative power sources: a constant-flow system
driven by a variable-speed internal combustion engine and a constant-pressure system
powered by an electric motor with a variable displacement pump. The proposed hybrid
configuration combines operational flexibility and mobility with low-noise and low-
emission electric operation, while allowing independent operation from either power
source. The key contribution of this work is a dual-mode speed control strategy that
switches from conventional valve-based flow control during transient phases to direct,
valve-less speed control under steady-state conditions. This approach enables energy
savings of approximately 13—42% during the steady cutting phase, which accounts for the
majority of operating time. Maintaining stable motor speed under varying control modes
remains the primary control challenge.
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1. INTRODUCTION

The control of hydraulic motors in construction machinery is a well-established and widely
studied topic. However, challenges arise when long hydraulic lines (>20 m) are involved,
particularly in achieving precise control of hydraulic motors operating at high rotational
speeds (>1000 RPM) and driving loads with substantial rotational inertia. The system
analysed in this study is a hydraulic wire saw attachment with a fixed displacement motor
implemented as a hybrid configuration, like shown in Figure 1. Hydraulic power is supplied
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via two distinct sources: a constant-flow system driven by a variable-speed internal
combustion engine, and a constant-pressure system powered by an electric motor coupled
with a variable displacement pump. This configuration enables the combination of the
mobility and flexibility of an internal combustion engine-powered machine with the low-
noise and low-CO- emission operation of an electric motor. The saw unit can be operated
independently by either system.

Zhongyi Quan [1] and Tianliang Lin [2] have proposed various control strategies for
hydraulic motors, including multiple combinations of variable pumps and motors tailored to
specific application requirements, with the goal of maximizing energy efficiency and
recovery. A particular emphasis is placed on different forms of secondary control strategies.
Also Berg and Ivantysynova [3] examined secondary control strategies for hydraulic motors
utilizing variable displacement.

In contrast, the hybrid concept examined in this work requires a configuration capable of
operating effectively with both constant-flow and constant-pressure supply systems with a
fixed displacement motor. In this specific application, energy recovery is not deemed
advantageous.
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Figure 1 Wire saw attachment cutting, mounted on carrier vehicle including internal
combustion engine and electric powerpack at the back

The novelty of the proposed concept lies in the ability to switch between two different speed
control modes during operation. For the short, undefined setup and cutting initiation phase,
speed control is handled conventionally via a flow control valve. Once steady-state
conditions are achieved, the system transitions to direct, valve-less speed control—either by
adjusting the internal combustion engine speed or through electric motor control using the
swivel angle of the variable displacement pump. This enables energy savings of
approximately 13—42% in the steady cutting phase, which typically accounts for over 90%
of total operation time. The switching mechanism can be realized using a bypass valve to
circumvent the flow control valve, a load-sensing (LS) pressure valve for targeted



pressurization of the compensator, or a control spool with a non-linear characteristic.

The main challenge is maintaining a constant motor speed in accordance with process
requirements, where either the combustion engine speed or the pump swivel angle serves as
the control variable.

2. SYSTEM OVERVIEW

Figure 2 Hydraulic setup of the saw motor

The hydraulic architecture of the system, shown in Figure 2, comprises a telehandler-
mounted attachment equipped with a main valve block and a fixed displacement hydraulic
motor, as well as two alternative power units: an internal combustion engine driving a gear
pump and an electric motor coupled to a variable displacement axial piston pump. The
attachment can be operated independently by either power unit, depending on the
availability of an external electric power supply. The decision to combine a constant-
pressure system for the electric drive with a constant-flow system for the internal
combustion engine was made at an early stage of development. This dual-system approach
was necessary because modifications to the existing hydraulic system of the telehandler were
not permitted, while the electro-hydraulic power supply was required to be as compact and
energy-efficient as possible—requirements that could not be met using a constant-flow
system alone.

2.1. Hydraulic Plan

The main hydraulic block is composed of several standard sandwich-plate valves assembled
to provide all functions required for operating the attachment. For the sake of clarity and
reduced complexity, only the components relevant to motor control are shown in the
schematic Figure 3. The block incorporates an integrated pilot oil supply unit as well as a
two-way safety valve.
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For the experimental setup, two flow meters and pressure sensors were integrated into the
hydraulic circuit: one upstream of the main valve block to measure the pump supply flow to
the attachment, and a second upstream of the hydraulic motor. This instrumentation allows
the determination of flow and pressure losses across the main valve block by comparison of
the measured values.

cadlach

Figure 3 Hydraulic schematic (simplified)

2.2, Control Strategies

First, the hydraulic motor is controlled to reach the target rotational speed required to achieve
the desired wire velocity. Second, the feed rate of the wire into the stone is adjusted to obtain
the specified motor torque. These target values are predefined and are not the subject of this
study. To ensure efficient operation, the hydraulic flow rate and pressure must be supplied
in accordance with the required speed and torque demands, while avoiding excess energy
provision.



2.2.1. Wire Speed

The wire speed is controlled using a &/8y valve equipped with a pressure compensator
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compensates for leakage and temperandaeed variations and contributes to the

attenuation of oscillations. Oscillatory behaviamia wellknown challenge in the control of

hydraulic motors driving large inertial loads in combination with long hydraulic hose

lengths. During experimental testing with the proposed setup, oscillations were observed but

without overshoot. Within the epe of these experiments, it was not possible to clearly

distinguish whether the oscillations originated from the hydraulic circuit or from instabilities

in the cutting process itself.

2.2.2. Hydraulic supply at constant pressure circuit

Hydraulic flow and pressure are supplied by a variable displacement axial piston pump
driven by a thre@hase electric motor. The pump is equipped with a pressure controller
actuated by an electrically controlled valve, allowing the pump pressure level to be adjusted,
while the flow rate is not actively regulated. As a result, the system operates as a pseudo
load-sensing configuration. Due to the excessive length of the hydraulic hoses between the
pump and the valve block, conventional transmission ofdadeasing signal via a hydraulic

line is not feasible. However, under the relatively steady operating conditions encountered
during cutting, load sensing is implemented electronically by adjusting the pump pressure
based on measured pressures and predetimget values. The pump continuously supplies

the flow required to maintain the desired pressure level at the attachment. The pressure
difference between the pump outlet and the load pressure is regarded as a necessary and
acceptable loss in this configuion.

To eliminate this pressuirelated loss, the original presswaentrolled pump was replaced
with a flow-controlled pump. The new pump is mechanically identical but is equipped with
an electronic controller and a swashplate angle sensor, enabling the émialtom of
various control strategies purely through software. Le&sing control can be realized
using pressure feedback, while flow and power control are achieved by regulating the
swashplate angle and motor speed. To minimize energy losses asseitiatédland to
improve stability with respect to oscillations, motor speed is now controlled directly via the
pump swashplate angle, while the &/8y valve is kept fully open. Consequently, pressure
losses are limited to flowlependent losses, with no additiolases introduced by control
valves. Furthermore, the propensity for valmduced oscillations is significantly reduced,

as the valves operate in a fully open state.

2.2.3. Hydraulic supply at constant flow circuit

Hydraulic flow is supplied by a gear pump driven by the internal combustion engine of the
telehandler. This pump provides hydraulic power for all machine functions, including boom
actuation, stabilizers, and auxiliary attachments such as the wire saveqQenty, the
telehandler is equipped with a loadnsing hydraulic system in which a pressure
compensator diverts excess flow to the tank at load pressure. In this configuration, only the
pump flow rate and the engine speed can be adjusted. Owing to the operating principle of
the circuit, auxiliary attachments must be controlled via the telehandler control valve to



