
Proceedings of
BATH/ASME 2024 Symposium on 

Fluid Power and Motion Control

T H E  A M E R I C A N  S O C I E T Y  O F  M E C H A N I C A L  E N G I N E E R S

Tw o  P a r k  A v e n u e  *  N e w  Yo r k ,  N . Y.  1 0 0 1 6

Conference Sponsor 
Fluid Power Systems and 

Technology Division

  (FPMC2024)

September 11-13, 2024
 Bath, United Kingdom

https://crossmark.crossref.org/dialog/?doi=10.1115/FPMC2021-FM1&domain=pdf&date_stamp=2021-12-13
https://crossmark.crossref.org/dialog/?doi=10.1115/FPMC2022-FM1&domain=pdf&date_stamp=2022-11-10
https://crossmark.crossref.org/dialog/?doi=10.1115/FPMC2023-FM1&domain=pdf&date_stamp=2023-11-17
https://crossmark.crossref.org/dialog/?doi=10.1115/FPMC2024-FM1&domain=pdf&date_stamp=2024-10-25


© 2024, The American Society of Mechanical Engineers, 150 Clove Road, Little Falls, NJ 07424, USA  
(www.asme.org)

All rights reserved.  “ASME” and the above ASME symbols are registered trademarks of the American Society of Mechanical 
Engineers.  No part of this document may be copied, modified, distributed, published, displayed, or otherwise reproduced in any 
form or by any means, electronic, digital, or mechanical, now known or hereafter invented, without the express written 
permission of ASME.  No works derived from this document or any content therein may be created without the express written 
permission of ASME.  Using this document or any content therein to train, create, or improve any artificial intelligence and/or 
machine learning platform, system, application, model, or algorithm is strictly prohibited.

INFORMATION CONTAINED IN THIS WORK HAS BEEN OBTAINED BY THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS FROM SOURCES BELIEVED TO BE RELIABLE. HOWEVER, NEITHER ASME NOR ITS 
AUTHORS OR EDITORS GUARANTEE THE ACCURACY OR COMPLETENESS OF ANY INFORMATION PUBLISHED 
IN THIS WORK. NEITHER ASME NOR ITS AUTHORS AND EDITORS SHALL BE RESPONSIBLE FOR ANY ERRORS, 
OMISSIONS, OR DAMAGES ARISING OUT OF THE USE OF THIS INFORMATION. THE WORK IS PUBLISHED WITH 
THE UNDERSTANDING THAT ASME AND ITS AUTHORS AND EDITORS ARE SUPPLYING INFORMATION BUT 
ARE NOT ATTEMPTING TO RENDER ENGINEERING OR OTHER PROFESSIONAL SERVICES. IF SUCH 
ENGINEERING OR PROFESSIONAL SERVICES ARE REQUIRED, THE ASSISTANCE OF AN APPROPRIATE 
PROFESSIONAL SHOULD BE SOUGHT.

ASME shall not be responsible for statements or opinions advanced in papers or . . . printed in its publications (B7.1.3). 
Statement from the Bylaws.

For authorization to photocopy material for internal or personal use under those circumstances not falling within the fair use 
provisions of the Copyright Act, contact the Copyright Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923, 
tel:978-750-8400, www.copyright.com.

Requests for special permission or bulk reproduction should be addressed to the ASME Publishing Department, or 
submitted online at: https://www.asme.org/publications-submissions/journals/information-for-authors/journalguidelines/rights-
and-permissions

ISBN: 978-0-7918-8819-3 



TABLE OF CONTENTS 

 

Numerical Study of an Axial Piston Pump: Prediction Method of Flow Ripple Based on Digital 

Twin ...................................................................................................................................................................... 1 

Chang Dong, Jianfeng Tao, Hao Sun, Chengliang Liu 

A Variable Orifice Damping Mechanism for a Reciprocating Piston-Cylinder Pump.......................................... 8 

Jonathan Melling, Daniil Dumnov, Christian Norgaard, Nigel Johnston, Nathan Sell 

Reduced-Order Discharge Area Surrogate Model of Claw-Shaped Notch Hydraulic Spool Valve .................... 18 

Yuhang Zhang, Beichen Ding, Guishan Yan, Chao Ai 

Dynamic of an Axial Piston Pump With Floating Pistons .................................................................................. 30 

Baoyu Liu, Lifeng Ma, Gaocheng An, Lankang Li, Jiaqi Guo, Wenwei Wang 

Extension of the Flow Calculation in ISO 6358 by Real Gas Behavior to Enhance Accuracy of 

Hydrogen Simulations ........................................................................................................................................ 42 

Olivier Reinertz, Katharina Schmitz 

Fault Diagnosis of Pump Rotor-Bearing System Based on Frequency Temporal Series Graph Under 

Time-Varying Speed Conditions ......................................................................................................................... 49 

Sichao Sun, Xinyu Xia, Jiale Yang, Hua Zhou 

Model Predictive Speed Control of a Digital Hydraulic Drive ........................................................................... 58 

Justin Darnet, Eric Bideaux, Jean-Francois Tregouet, Yohann Brunel 

Design and Simulation of a Drivetrain Integrated Pulsation Compensator for Pumps ....................................... 68 

Gudrun Mikota 

Energy Efficient Pneumatic Drive for Membrane Pumps .................................................................................. 76 

Matthias Schmid, Olivier Reinertz, Katharina Schmitz 

The Digital Displacement Pump As a Frequency Generator .............................................................................. 82 

Daniil Dumnov, Jonathan Melling, Niall Caldwell, Nigel Johnston, Andrew Plummer, Nathan 

Sell 

An Improved Thermal Modelling Approach for Industrial Hydraulic System Applications, 

Prioritizing Computational Time Reduction and Thermal Condition Analysis .................................................. 94 

Ahmad Al-Issa, Tobias Schulze, Jurgen Weber 

Design of Digital Displacement Pump Systems With Multiple Pumps ............................................................ 104 

Travis Wiens, Mitchell Schmidt, Chris Williamson 

LSTM-Based Workload Recognition for Hydraulic Actuators: A Case Study on Excavator Digging 

Process ............................................................................................................................................................... 115 

Bobo Helian, Xiaofei An, Yong Zhou, Zheng Chen, Marcus Geimer 

Comparative Study on Asymmetric and Symmetric Configurations of Valve Plates in Axial Piston 

Pumps ............................................................................................................................................................... 122 

Yijie Lu, Hua Fang, Bo Yang, Haoyi Jiang, Zhenfei Ling, Hao Liu, Xiaoping Ouyang, 

Huayong Yang 

Optimization of Integrated High-Speed On/Off Valve Aligned With Voltage Control Strategies for 

Enhanced Dynamic Performance in Digital Hydraulic Systems ...................................................................... 132 

Shuai Huang, HaoCheng Xu, Ye Lin, Feng Pan, Hua Zhou 



Experimental Validation of a State Decoupling Method Applied to a Dual Cylinder Electro-

Hydraulic Variable-Speed Drive Network ........................................................................................................ 142 

Lasse Schmidt, Kenneth Vorbol Hansen, Barbara Videbaek, Mikkel van Binsbergen-Galan 

Development of an Intelligent Electric Motor-Driven Pump With High Energy Efficiency ............................ 152 

Bo Yang, Hong Pan, Yijie Lu, Zhenfei Ling, Haoyi Jiang, Hao Liu, Xiaoping Ouyang, 

Huayong Yang 

Torque Ripple Minimization in a Variable Displacement Linkage Motor (VDLM) Through the 

Customization of Piston Trajectory .................................................................................................................. 162 

Martin Herrera-Perez, Grey Boyce-Erickson, Jonatan Pozo-Palacios, John Voth, Paul 

Michael, James D. Van de Ven 

Development of Boundary/Mixed Friction Models for Cylinder Block/Valve Plate Interface in a 

Novel Aerospace Electro-Hydrostatic Module ................................................................................................. 175 

Dingchong Lyu, Jian Fu, Shoujun Zhao, Siyuan Chen 

Investigating External Gear Pump Efficiency at Very Low Speeds With Graphene Nanofluids ...................... 185 

Ornella Chiavola, Fulvio Palmieri, Francesco Verdoliva, Andrea Liscio, Simone Ligi 

Experimental Investigation of Hydraulic Power Sharing Potential in a Dual Cylinder Electro-

Hydraulic Variable-Speed Drive Network ........................................................................................................ 194 

Mikkel van Binsbergen-Galan, Barbara Videbaek, Kenneth Vorbol Hansen, Lasse Schmidt 

Challenges in Elastohydrodynamic Simulations of Radial Ball Piston Pumps ................................................ 203 

Simon Leonhartsberger, Bernhard Manhartsgruber 

Effect of Damping Force on Hysteresis Characteristics of Poppet Valves ....................................................... 209 

Seiei Masuda, Fumio Shimizu, Masaki Fuchiwaki, Kazuhiro Tanaka 

A Compact Electropermanent Magnet Valve Geometry for Switching of Magnetorheological Fluid 

Using Particle Jamming .................................................................................................................................... 220 

James Gallentine, Nithin S. Kumar, Eric J. Barth 

A Comprehensive Approach for Predicting Remaining Useful Life in Electric External Gear Pumps ............ 229 

Pasquale Borriello, Emma Frosina, Fabrizio Tessicini, Adolfo Senatore 

Transmission Line Models for Fluid Power Hoses Identified From Measurement Data.................................. 246 

Bernhard Manhartsgruber 

Comparison of Real-Time Pressure Rail Selection Algorithms for the Hybrid Hydraulic Electric 

Architecture: Case Study on a Track Loader .................................................................................................... 253 

Jackson Wills, Perry Y. Li 

Preliminary Design and Modelling of a Hydrogen-Powered Aircraft Fuel System ......................................... 262 

Francesco Sciatti, Vincenzo Di Domenico, Lazzaro Zagaria, Dami Adeyemi, Paolo 

Tamburrano, Andrew R. Plummer, Nathan Sell, Elia Distaso, Riccardo Amirante 

Influence of Dissolved Air Content on Cavitation in Internal Gear Pumps ...................................................... 276 

Paul Bottig, Lutz Muller, Sven Osterland, Jurgen Weber 

Semi-Empirical Model of the Leakage Flow in External Gear Pumps ............................................................. 284 

Paulina Szwemin, Wieslaw Fiebig 

Structure Matching Design of Lightweight CFRP/Metal-Lined Composite Hydraulic Cylinder ..................... 291 

Lifu Shi, Jing Yao, Tian Yu, Yuanzhi Xu, Xiaofei Wan 



Flow Ripple Reduction of Balanced Vane Pump for Variable Speed Drive Control in an Electric 

Mobile Machine ............................................................................................................................................... 298 

Jiajia Wang, Feng Wang, Bing Xu 

Electro-Hydrostatic Actuator System With Separate Design to Improve Efficiency for Working 

Function of Electric Wheel Loader ................................................................................................................... 308 

Yihan Qiao, Jiaming Wu, Feng Wang, Bing Xu 

Flow Ripple Reduction of Axial Piston Pump With Pre-Compression Volume and Embedded 

Sequence Valve ................................................................................................................................................. 318 

Renyuan Wang, Yuanzhi Xu, Zongxia Jiao, Angran Cao, Xiaofei Wan, Tian Yu 

Agent-Based Control of Fluid Systems Using Microcontrollers: Development and Integration ..................... 333 

Oscar L. Lefemmine, Tobias C. Meck, Kevin T. Logan, Peter F. Pelz 

Sliding Mode Variable Structure Position Control for a Small-Scale Double-Cylinder Hydrostatic 

Actuation System ............................................................................................................................................. 342 

Yanlin Peng, Bin Wang 

Author Index 

 




