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Marcin Bajkowski, Zdzislaw Lindemann
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FLOW MODELLING OF MAGNETORHEOLOGICAL
FLUID INSIDE IMPACT-LOADED DAMPER

Abstract

The paper presents results of numerical modeling of a thrusts force acting in a
special system combining gun supported on a universal base equipped with a
magnetorheological damper system. Analysis of fluid flow along the gap inside the damper
assembly is concerned. ADINA system was used for the finite element method modelling
purposes.




Fig. 1 Magnetorheological dampers installed on a universal support system ZSMU by ZM Tarnow.

Two 2D axisymmetric FEM model were developed: model of system combining rifle,
slider, damper and springs for ADINA Structures and the second model of the geometry
and boundary conditions of fluid for ADINA Computational Fluid Dynamics. The
calculations take into account the actual resistance of the damper due to the inertia of the
liquid and the magnetorheological fluid flow resistance in the gap.




WARSAW UNIVERSITY OF TECHNOLOGY
Institute of Machine Design Fundamentals
INTERNATIONAL CONFERENCE

Methods & Tools for CAE - concepts and applications
Bochnia, October 2015

Piotr Btazucki, Piotr Skawinski
Institute of Machine Design Fundamentals, Warsaw University of Technology
blazer@o?2.pl, psk@simr.pw.edu.pl

EXPERIMENTAL VERIFICATION OF TOOTH CONTACT
OF SPIRAL BEVEL GEAR MACHINED ON 4-AXIS CNC MILLING
CENTER.

1. Introduction

Designing and manufacturing of bevel gears is a very complex task. Complexity of
this process comes from the fact that calculations of both geometrical and technological
parameters have to be done together in a consistent way. Other fact that makes this task
even more problematic is a complexity of machining process. Movement of both tool and
the cut element are dependent on each other, and in general the are hypoid [I].
Conventional methods of spiral bevel gear manufacturing had to allow to create such setup
basing on the calculations of technological parameters. Quality of bevel gears and
correctness of manufacturing process  varies on many parameters. The most important
criteria is a tooth contact pattern. Its described by its shape, positioning on the tooth side
and dimensions. Tooth contact patters in being verified under no load (TCA) and under
load (LTCA). There are many methods to do this. During design process , its possible to
use CAD and FEM [2] applications. This approach allows to find theoretical tooth contact
pattern which is dependent only on geometry of ideal gear and pinion. However , because
of the complexity of cutting process ( consisting of both milling and grinding in many
cases) , most accurate verifications can be made by testing of real product on the control
machines. Simplest testing can be done on control machines for TCA.

This method is only applicable for production of bevel gears on the dedicated for
this purpose mechanical and CNC machines (Gleason, Klingelnberg, Saratov). In case of
milling of bevel gears using universal CNC machines, which is being more common this
days especially when large gears and pinions are considered, making any adjustments after
TCA in practically impossible. Character of this method of milling ( use of linear and
circular interpolation) causes that after negative result of TCA its necessary to make a new
pinion. In classic machines repositioning of pinion is made by placing of cutter head
inside tooth whole in a way how it was originally made. In case of using universal end
mills, after removing pinion from machine, it is not possible to position it back with




necessary accuracy, it causes that the workpiece has to be completely remade. Any
possibility to conduct TCA without removing pinion from milling machine would bring
many benefits. Main aim of this work was to verify possibilities of testing gears inside of
workspace of milling machines and to rate how accurate and reliable such test would be.

Completed experiments show that use of control tool inside of milling space on a CNC
machine is possible and controlling of setup of the device causes no complications. Design
of tested unit allows to conduct TCA without removing of element from the machine or
changing of machine setup. Further machining of pinion is possible with base of control
tool mounted to T-slot table. Placement of base does not interfere with machining space.
Simple solution of bearing tension ( with ball bearing nut) allows to adjust amount of load
applied during testing. Use of this method allows not only to conduct rather easy
verification of geometry but is also affordable comparing to sophisticated touch probes
dedicated to bevel gear measurements. As presented method is intended to use in small
scale production , such as single gear pairs, or very small batches. Because of character of
machining in discussed method, that allows to use any universal milling machined with
sufficient working envelope, use of simple device to TCA should be helpful in preparing
bevel gears with proper geometry.
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EXPERIMENTAL VERIFICATION OF TOOTH CONTACT OF SPIRAL
BEVEL GEAR MACHINED ON 4-AXIS CNC MILLING CENTER.

Summary
Paper discusses methods of verification and altering of tooth contact pattern using
CAD models of bevel gears. Also construction and testing of experimental tooth contact
pattern testing equipment for 4-axis CNC milling machine is being presented in reference
to proposed methods.
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THE MAIN MECHANICAL PROBLEMS IMPLEMENTATIONS OF
COMPLEX IDENTIFICATION

1. Introduction

The object of development is the system "Electronic storage keys". The main task
was to analyze existing systems, identification of strengths and weaknesses of their designs.
An further analysis of the presently known systems were formulated the basic requirements
and the area of further design.

The main problem in the development of this work was mechanical basis,
durability elements of the system, which played a key role in this part of the design and
development of this system.

One of the important problems studied in this paper was mechanical part that had a
great influence on the design and development of this system.

The main requirements for the shift system are:

1. Reliability of the system;

. Low cost;

3. Small size;

. A simple principle.

After testing different kinds of constructions, it was chosen to use the sled (Fig. 1).
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l"ig. 1. Sleds

By using sleds we were able to achieve a comfortable movement in a Cartesian
coordinate system, which is simple and easy to create and easy to understand, with minimal
size (Fig. 2).

g s
- -

: A , AE
Fig. 3. Implemented system shift

Fig. 2. The model of shift system

THE MAIN MECHANICAL PROBLEMS IMPLEMENTATIONS OF
COMPLEX IDENTIFICATION
Summary

The main goal was to make the software and develop a model that will be
comfortable and easy to use, has simple construction and will save and give access to key
only for people, who have permission to get it.

In development of this system we use materials that are available for us, that is
why was created simple, cheap mechanism.

The result of this work was development the system that meets all these
requirements.
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COMPUTER AIDED DESIGN OF THE GEAR TEETH WITH
PITCH CURVE CONTAINING TRANSITION CURVES

Abstract

Gears at work are subject to various types of loads. The nature and scope of these loads
mainly depends on the destination of gears used in various types of devices. The source of
load gear elements are not only "external force", ie. the forces and moments acting on the
gearbox, often change over time, but also other various factors. These may be factors
related to: 1) production technology and precision performance (eg. the errors of the teeth
pitch), 2) directly resulting from the construction of a gearbox or a mechanism, containig a
gearbox as sub-assembly 3) operating conditions (eg. the use of proper lubrication) and 4)
others. Effect of gearbox construction and its wheels on the forces acting on the gear teeth
is reflected in the specific gearboxes, unusual compared to the commonly used gearboxes.

F \F

Fig. I Scheme of the transmission gear of the pinion and the internally toothed closed curved rack.

The article presents the method of determining profiles of teeth in the toothed gear
transmission with a special shape of the rolling line of an internally toothed closed curve




12

rack. The method of determining the teeth profiles based on the clothoid pitch curve is
described and a mathematical description of curves defining the profiles of these teeth is
given.
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COMPOSITE MODEL EXPORT FROM TERMET CAE

1. Introduction

Termet CAE system is devoted for automated design and modelling of thermal
composites. System has the next features for this purpose. Composite geometrical model
generation (laminar, particle-reinforced, fibre-reinforced) and thermal FEM analysis.

Automated generators of composite geometrical models allow greatly improve and
simplify process of composite design. Especially it is important for complex composites
such as particle-reinforced and fibre-reinforced. Actually design of geometry of those
composites in regular CAD system is a complicated task. Termet can generate models of
such composites. User just have to define parameters of composite structure, like matrix
material, particles or fibre sizes and theirs concentration in the matrix.

One other side FEM features of Termet is limited in comparison with more
advanced FEM system like ANSYS. For this reason Termet allows to export model of
composite in formats compatible with other CAD/CAE systems. This formats can be
imported in other systems to carry special analysis.

2. CAD interoperability formats overview

CAD file formats can be proprietary or neutral. Proprietary formats usually related
to specific system or geometric kernel. Neutral format are designed for interoperability of
CAD systems.

Proprietary formats can store specific features of its system. Neutral formats
realize just common CAD features and allows data exchange between systems. Usually
proprietary formats are closed or require to buy license.

Termet has its own geometric kernel, so this is the reason to use neutral format,
what can be imported by other CAD systems. Ones of the most popular open formats are







