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ABSTRACT

There are various canses for face seal leaks Leakage mormally takey ploce thry
the radial real gap formed by the neo diding swifaces. Cafonfarions are based on
the axsuwption the a Indrodywamic film existr b face seals and thar the leatage can
& i oslaniand far anecmalaney witly e desarwry ogmatrons (o fansesar Mo ofrw a radal
anmular gap. The power comsoyvion can be caleadated also from the Newtow
relarion. Normally ssechanioal seals have radial ripid plain focee and only in
spectal cases do spherical sealing swioces ocow. The form of the sarfaces can,
however, be altered by bearing and wear, for inuance.

KEYWORDS: ¢hstohydrodymamics, lubrication, mechasical face seal.

1. INTRODUCTION

There are varbous cawses for faoe seal leaks.

form cam coasiderably deviae from the
asumed parailel gap bocmuse of emperature
differences in the ring, deviathas from the thearetical
cakulations are to be expected.

seals
huld il thickeess A & seldom comsant and the
Bap

e dimensions of the rings are the determining
fhctoes, and in thermal distorticas it i the valees of
the thermal properties of the materials and the hest
eansfer factors In conjunction with the constrection of
the rmgs which infloence the semperature gradients
wed, i tum, the gap shape. The temperature gradient
in both axial and radial directions mfluences the
geometry of the seal gap.

[ mechamical ssals there are oflen several heat
sources  which  stromgly  influence  the  radial
temperature dsibution in (he rings. = additon 1o the
friction bear froen the sliding interface, e medium o
be sealed may be 2 source of heat, 2s well as a hot
shafl or housing, and heat from liquid tarbulence.

Depending on the direction of the temperature
grakiere, the lomperalure distributioa in the sealing
riegs can considersbly differ, Thoss arcss of the rings
which lis funhest froms the heat sink or are searest ©

e source of hest show the Righest empersteres,
They expand 1o & grater extend then other sectional
areas and aker the shape of the orginal paralled film

In face seals the coatact pomts of the aspenties
on the two seals surfaces pressed against one another
with an sverage pressure, could  distort  both
plastically and elastically, Thus, @¢ most highly
stressed bearing pokaes will be distoeted plastically or
wom away whike the neighboring areas will be
clatically distorted. In the usual combinations of
materials foc face scals, a carbon graphite ring i
usually re against a metal, metal oxide, or carbide
ring with different clastic modules

Smoe the sirtaces 15 always ghly hneshod, B
fow moduks ring will alwiys take s considersbly
greater peopietion of dstoction. Foe these reason the
sliding surfaces wader Joad will ook meoee Die an
2ctial photograph of a group of lakes then of 2 group
of iskands, the hollow spaces between the surfaces e
seldom comnected to one ancther, With the rotation of
one ring # is possible 1o imagine that the liquid is
wraaspoeted froes ens hollow o another, as & e case
of a revolving dooe, wntl) the Bouid particles emerge
ot the far side of the gap. Thus, in chis range there will
be no detectable influcace of viscosity. As kag as
loquid inflow and outflow coumerbalance each other
no peessure buidds up in the @werface. Where
roughness of the sliding surfaces is uniform, the
lesisage losses with im exchange flow are independent
of the seal width, tut strongly dependent on the value
of @ roughness, Be closing pressure, @e rubbing
spead, and the size asd direction of the centrifugal
pressure. Further more, e inflow and outflow
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Abstract. Modeling 1o access solutions is the goal of predictive engineering. The paper
presents boundary element analysis or the numerical simulation of the behavior of a
meckanical face seal. The present bowundary element analysis is a particwlarly one for it
contains the nonlinear effect due to changes in boundary conditions resulting from the
contact of the saric ring and the sealing head of the face seal. These all have
significant infTuence on the behavior of the system. The results can be used for
oprimizing designg, predicting limits or irvestigating failures,

INTRODUCTION

In a face seal (Fig. 1), an axial force presses a rotating flosting ring 5 against a fixed
counter face 6. The axial leakage path between the floating ring and the shaft is closed by
& static eeal such us an O-ring 7. The sutic and sliding surtaces of the traditional stuffing
box are effectively interchanged, with the advantage that the geometry of the sliding
sealing surfaces can mow be produced more accurately and less expansively and there is
0o longer any wear on the shaft to shaft sleeve,
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Sawmery: A grear dvernity of contaet aeal desipns, maverisl, operorieg osediiaes and foctors Mat affer Ael
performance have v yer allowed e geveral conclanver su frictiar and wear of Wiy sl b Be srawa A7 the same e,
the rexsitr of seadier of porticalar cares sray afion Aoad He deige exgises & aw decinion | the sew develsgs o
Arent in some mity frow Mt Ae bas sibes or & prosatpe. fu ssene cetonce, (hese fcives wre Sovadvpvndient T poper
prexeces the serwce comdbonr of sfifing cumioe? ol by maoivwery, & J oy of INe SO0 FOTy
wolvsed by FEM (fnive elomewr s

Kepwordr: mechowiood foce neol, dymumic sest. ridokogy. FEM §imite shomm mavhad). (eakaye. woor, fricaon

L INTRODUCTION

The performance of seabs 1 characterined by the degree of Ughtoess, service lifie, power Josses, by the eatent of
damage 10 the contacting ssrfaces i operation, et the degree of tigharess, wear life 4, , and perfoemsmcs factor |
are e re0st ieponant chanscierksios of seal pecformamcs. In additon W the shove factors, temperasire, whose
level is determmned by their joint action, also effous the performence of dynamic seals. The service conditons of
shidng comact ssals in mackinery, determned by combizatioes of the above facsors, are very diverse. The
tomgenture, peessere, flow rate and properties of the fluad re chosen depending ca the seal application,

Dy ssassic contact seals such as fuce (axial) seals operme with exiemal continucas frction.

2. FRICTION AND WEAR IN DYNAMIC CONTACT SEALS

A prest divessity of comlact-sead Gesiges, maleriaks, openting condmions, and factors that alfect o
performance have not yet allowed the genenl covclusicas on fricton and wear of these seals 1o be drawn. AL the
same tme, the resulis of stedies of particular cases may oficn load the design caginoer 0 an ermnoos decition
il the scxl he develops o differeal in somme way Soan thae be 3as takon 35 & protogy pe.

For the face seals doogn caleulation methods havee boca devised for the assessment of fluid presaure (with segand
10 out-of sqeareness of the faces and 10 prossure in e cearance). bohavaoe of the Nusd sealed in faco clearsmees
by drodynamic ef¥ect for the sealing rings. dofoemanons of the rings due 10 pesieure and temperature, and alse
lerrperature Gebds in the sings of the rubding pair,

3. DESIGN AND OPERATION OF A MECHANIC FACE SEAL

In 3 face seal, an axial force prowcs & rotasing Moatisg riag agsast a faed cosmierface or vice vensa. The aial
Jeakage path betwesn the floating rng amd @e dmft i dosed by & static seal such as an O-ring. clastomieric
sleeve, ce U-seal, ete. Figuee | shows a simple focm of face seal The static and <hding sealing surfaces of the
sraditionad steffing Bax are effectively mterchasged, with e advanage that the grometry of the of the siiding
soaling surfaces can pow be prodoced more accurately and low axpersively, and there = no koager any wee =
the shaft o shafl sleeve. To compensate for any lack of alignment of the veal Gaces and foc loagitvdnal sermal
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ABSTRACT

The behaviour of a face seal is determined by the complex interaction of a number
of factors. Advantages are usually attained at the price of disadvantages in other
directions. For example if the roughness i1s constant. an increase of the contact
pressure reduces leakage, but the wear and frictional heat increase. As against
this. increasing leakage losses can reduce the friction and heat production, but the
effectiveness of the unit as a seal 1s reduced. Again. a high friction may not only
lead to increased wear but also. due to thermal distortion. to considerable leakage
losses. or it may cause the seal to break down because of a thermal stress cracks.
By appropriate seal design. choice of materials and type of seal arrangement.
individual requirements such as minimum leakage. maximum life or minimumnm
friction can be met. The paper presents the finite element method (FEM) and ex-
perimental analysis of the leakage and friction rates of a mechanical face seal for
the chemical industry.

Keywords: mechanical face seal. simulation. finite element method, tribology.
AIMS AND BACKGROUND

The behaviour of a mechanical face seal in run can be simulated and illustrated
on the computer.

For any of the type dimensions taken into consideration the basic structure
consists of primary sealing. formed of:

o the pressure ring/floating ring. elastic and/or in movement of rotation:

o the fixed counter face friction ring.

The ensemble of the sealing shows axial symmetry. both from the point of
view of geometry and mechanical loading’.

* For correspondence.
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ABSTRACT

The paper makes analysis of temperature distribution in mechanical face seal
components. which are used in household equipment and passenger cars and
trucks water pumps.

Kevwords: mechanical face seal. simulation. finite element method. tribology.
temperature distribution.

AIMS AND BACKGROUND

The temperature in seal interface due to frictional heat has a considerable in-
fluence on the behaviour of a face seal. affecting wear and thermal distortion.
If the temperature 1s too high vaporisation of the lubricant film occurs. causing
increased friction and wear'. The safe working temperature of the face materi-
als can also be exceeded and the seal will then fail due to welding or thermal
stress cracks. The friction heat produced 1n the seal interface can be removed by
conduction, convection and radiation processes. The heat produced in the seal
interface 1s transported away by conduction in the seal rings and from the seal
rings it passed onto surrounding fluids by convection. Some also is lost to the sur-
roundings by radiation.

The maximum temperature in the interface is of particular interest.

Face seals are used over a temperature range from —200 to +1000°C. The
proprieties of many materials are only known at room temperatures so that exact
calculation of the maximum permissible temperature difference and thermal re-
sistance factors at the working temperatures is not possible.

* For correspondence.
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CONSIDERATIONS UPON THE CIRCULAR SECTION CIRCLIPS/RETAINING RINGS
AXIAL LOAD-CARRYING CAPACITY

ARGESANU, V|eronica]; LUCHIN, MJilenco]; JULA, M|ihaela] & MARGINEANU DJan]

Abstract: The reference standards as well as the specialty
literature offer very many useful data to the designer. But, in
specific applications, requiring small axial limits, they are
insufficient to provide a satisfying safety without additional
calculation, By means of FEM (finite element method), the
authors are trying to point out the real behavior of the
assembly in such cases

Key words: circlips, axial load-carrying capacity, FEM

1. INTRODUCTION

Circlips / retaining rings are designed to position and
secure component in bores and houses. Simultaneously they
provide rigid end — play take — up in the assembly to
compensate for manufacturing tolerances or wear in the
retained parts. For the technical designer, who uses
standardized and/or in a list manufactured rings on shafts or in
housings with nominal diameter, a computation is not
necessary. It is of crucial importance however with special
applications of the normal rings and particularly with the
construction of special rings.

The reasoning for the fundamentals of the bending calculus is
presented in detail (Mesarog-Anghel et al., 2006) for circlips
with rectangular section, and FEM analysis has been done.

The authors propose to analyze circular section circlips. The
conclusions of the paper can be directly applied in technical
design. In the future. if experimental research results are added.
also the reconsideration of the present standards regarding
shape, dimensions, and materials can be made

2. FUNDAMENTALS

The strength calculation is based on the consideration that
a circlip ~for the shaft or for the housing — is a curved bended
bar.( Argesanu, 1999); (***. 1973), (Voinea, 1989) The ideal
solution is a curved bar of same firmness (Hiibener, 1970).

The circular section is particularized in fig. 1 and the
following equations:

Fig.1. Circular sectionof the circlip
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If a bar with a neutral radius of curvature r, already curved, is
deformed on a radius p. the equation is:
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Using the names for the neutral diameters, usual with circlips
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Fig.2. Forces acting on a circlip

3. COMPUTATION OF THE CIRCLIP

For the special cases mentioned above it is of interest the
axial loading behavior (and axial load-carrying capacity) of the
ring as well as its stability in the reserved groove (in the shift or
housing)

Fig.2 presents the situation in which a machine part presses a
circlip with an axial force. At first sight, shearing scems to
condition for the drawing out of use of the ring, so that, at the
beginning of the use of these machine elements it was very
much insisted on this kind of calculation. It was observed that,
because of the relationship between the depth of the groove and
the thickness of the ring, the shear never takes place because at
loadings under the maximum stress there takes place a loss of
stability by deformation (as in fig.3a.b,c)

It is said that the ring is “inverted” The deformation is
determined by the occurrence of a lever arm that modifies by a
bending moment the shape of the ring that becomes conical.
For a better understanding of the situation. the deformation (the
characteristic angle ) is exaggeratedly enlarged. As to be seen,
between the chamfer g and the level of the elastic deformation i
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DETERMINATION OF THE OPTIMUM VARIANT OF SHAFT-HUB JOINT FOR GEARS

ARGESANU, V|eronica]; JULA, M[ihaela] & CARABAS, I[osif]

Abstract: The evolution of the constructive solutions of the joint
that form the cylindrical fitting specific to the gears determined
the occurrence of some typified families whose carrying
capacity tend to equal the performances obtained by the joint
by shrinking joints. From figure 3 can be observed the
advantage shown by the shrink joints with the double conics
intermediate elements fig.1 c, which allows the obtaining of
high performance solutions.

The choice of one of the joint solution (fig.1) according to the
analyzed parameters (G/M); (G/M)/(G/M) and (G/M)/
(G/IM)= [(GIM) (G/M)er (d)- (fig.3)- give the best
accomplishment of the formulated requir: ts.

Key words: shafi-hub, gears, key joints, elastic hub-hydropath

1. INTRODUCTION

The principle of relatively immobilization (joint) of some
parts that form the specific cylindrical fits for gears may be of
the type: with or without intermediate elements (Manea, 1970).
(Gheorghiu, 1986; Sheng, 2008)

From the category of the ones with intermediate elements
are mentioned:

-Shrink joints with cylindrical smooth surfaces with
intermediate conic elements -rings- annular keys (fig. 1.a);

-Shrink joints with cylindrical smooth surfaces with
intermediate elements elastic hub-hydropath (fig.1.b);

-Shrink joints with double conic intermediate elements (fig.
1.c);

-Key joints (fig.1.d).

Of the category of those without intermediate elements are
mentioned:

-Shrink joints pushed or fretted (fig. 1.¢).

According to the figure 1 it is observed the existence of a
large number of modalities of relatively fixing the shaft and the
hub, but the main request of choice of one of the alternatives is
constituted by the ratio between the weight and the
transmissible torque, that is that of a maximum carrying
capacity.

In the choice of the fixing solution of the gear on the shaft,

it always must be made a compromise between the economic
requirement for a compact construction, of some low costs of
fabrication and the technical condition of a great carrying
capacity (Gheorghiu & Madaras, 1986).
The best accomplishment of some requirement like: high
reliability, safety in exploitation, the minimum of tension
concentrations, high qualities of the fabrication of joint surfaces
etc., depends on the consideration of the following conditions:

a) The choice of a solution that best accomplishes the
working requirements.

b) The compact construction and the right dimensioning of
all the joint elements.

c) The use of proper materials.

d) Mechanical working and thermal treatments as cheap as
possible.
¢) The easy assembling and disassembling.

Fig. 1.

f) Optimum servicing and working conditions for on all the
load steps.

Each condition in part has a more or less influence on the
carrying capacity, so at the question regarding “THE MOST
FAVORABLE” choice of the joint it cannot be found an
universal right/valid answer without a comparative analysis.
(Zografos, 2008; Korakianitis, 2008)

2. COMPARATIVE ANALYSIS

Among the options of fixing the gear on the shaft (fig.1) are
analyzed the alternatives c) and d) which are considered to be
the most used in the machine construction.

The choice derives also by the fact that at an inadequate
process of the joint surfaces, but also a inadequate thermal
treatment or a defective assembling drives at unfavorable
displacement of the contact spot which determine the
occurrence of some extremely high normal forces (fig.2).

The consequences can be failures of the surface, bending
breaking or displacements.

In such of these cases, errors of execution and assembling
determine a real carrying capacity, which can be really different
from the calculated one. (Guang, 2007; Gheorghiu, 1986)

The calculations were made for:

- de(25:400)mm- the shaft diameter;

- BBG- the fatigue coefficient of concentration [v.2];

- £8- dimensional coefficient [v.2];

- ¥5- the surface quality coefficient [v.2];

- Shaft material OL 50 STAS 500/2-80;

- The torsion of the shaft is after a pulsate cycle;

- c=1,5 the safety coefficient at the fatigue resistance;
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Analytical and experimental modeling of the
drivers spine

Veronica Argesanu, Raul Miklos Kulcsar, Ion Silviu Borozan, Mihaela Jula, Sasa Cukovig, Eugen
Bota

Abstract—The aim of this study is to determine a analytical
expression in the coronal plane of the drivers spine while driving
along curved roads and also to determine ergonomic parameters for
the car seat design. To determine the analytical expression and the
ergonomic parameters, an experiment was developed to monitor the
position variation in time of the vertebras in the coronal plane. The
result lead to three sinusoidal equations. The amplitude values of the
sinusoidal functions desecribing the wvariation in time of angles
between the vertebras gives an image regarding the deformation
degree of the intervertebral dises.

Keywords—Spine, vehicle, musculoskeletal

affections.

ergonomics,

L.

HE possibility to drive in complete healthy and safety

conditions not only for the professional drivers but also
for the rest of the population which uses vehicles as frequent
transportation means leads to efficiency by improving the
quality of life.

In this context it is noted the following objectives and
research directions: the development of modern mathematical
models and principles to be included in a design or control
algorithm.

The present study is based on the egronomical research
regarding the spine’s behavior while driving along curved
roads.

INTRODUCTION

II. ANALYTICAL EXPRESSION OF THE SPINE IN THE CORONAL

PLANE

The optimal ergonomic body posture of the driver sitting in
the car seat is influenced by the structural characteristics of the
seat. The body has to be constrained to the seat such way so
that the spine’s form is an ideal anatomical or ergonomic
optimal shape. Therefore to design and construct the car seat,
it is proposed to start from the ideal anatomical shape of the
spine in the coronal plane (Fig. 1). [2, 3]

To determine the design parameters of the car seat is
necessary to know the analytical form of the spine’s shape in
the coronal plane.

In the coronal plane, the shape of the spine can be expressed
mathematically by the equation of a straight vertical line.
Vertebrae centers are collinear. Considering a reference

ISBN: 978-1-61804-240-8
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system as i figure 2, the vertical line's equation containing
verlebras centers is considered 1o be x = 0.

Plan Coronal

Fig. 1- Anatomical planes.

Point O, the origin of the coordinate system coincides with
the lowest point of the coccyx.

The analytical expression x = 0 of the spine’s shape in the
coronal plane is only valid if the vehicle is at rest, or the
vehicle travels on a rectilinear continuous road (unreal case).

Due to the centrifugal force acting on the human body while
the vehicle is traveling along a, the human body changes its
posture in the coronal plane in the opposite direction of the
centrifugal force, to maintain the balance in the car seat. Thus
the spine’s shape changes depending on the vehicle’s traveling
speed and the curved path’s radius, causing the spine shape
mathematical expression in the coronal plane to be a motion
law.

The spine shape is the line containing the centers of the
vertebras. Anatomically, the shape and movement of the spinal
column are shown by the relative rotational movement
between the vertebras. According to anatomy and kinematic
studies of the human spine, it is concluded that the center of
rotation between two vertebras the center of the
intervertebral disc that connects the two vertebras. Thus

is
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Experimental determination of the intervertebral
stress
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Abstract— The aim of'this study is to determine the intervertebral
stress that leads to spine musculoskeletal affections. To determine the
intervertebral stress, the L4 and L35 vertebras were made by using
rapid prototyping. Between the vertebras the intervertebral disc was
made by using silicon material. In the intervertebral disc five force
sensors were inserted. A STEWART platform was used to remake
the vertebra’s relative movements during that time with the aid of the
five force sensor, the intervertebral stress was recorded. It was clearly
shown at what load and movements during the drive, spine
musculoskeletal affections can appear.
musculoskeletal

Keywords vehicle,

affections.

spine,  ergonomics,

[. INTRODUCTION

To determine the musculoskeletal affections it is necessary
to perform a stress and deformation analysis of the spinal
column by modelling, simulation and experimental validation.

The continuous contraction of the muscles from the spinal
column determines a supplemental load on vertical direction
increasing the equivalent stress from the vertebrae and
especially in the intervertebral discs determining deformations
which in some cases cross over the point that musculoskeletal
disease can be treated or recovered by physiotherapy. [9, 10,
11]

The form of the spinal column in sagittal plane and the
amplitudes of the inclination in the coronal plane are
determined directly from the driver body reactions to the forces
that ocecur from the car running on different routes. In the case
of a non-ergonomic position of the spine in sagittal plane, the
amplitudes of the inclination in the coronal plane lead to
deformation of the intervertebral discs, which exceed the
aforementioned anatomical limits. [1, 2]

The driver’s body optimal ergonomic posture while seated
on the car seat is influenced by construction characteristics of
the seat in order to constrain the body as its spine shape to
follow the ideal anatomic spine shape or ergonomic optimal.
As this is known, in order to design and manufacture of auto
vehicles car seats, it is proposed to start from the ideal
anatomical shape of the human spine. [3, 4, 5]

The analysis aims to determine the equivalent stresses of
the two vertebrae and intervertebral disc special deformations.

978-1-4799-5996-9/14/$31.00 ©2014 IEEE

Felicia Streian
Victor Babes University of Medicine and Pharmacy
Timisoara, Romania
streian. felicia@umft.ro

In order to determine the design parameters of the car seat
it is necessary to know the analytical shape of the spine in
sagittal plane and coronal plane.

The analytical expression of the spine in sagittal plane:

1 A m 2-A R m 2.4y [2 mx R
’T@*i)'*’*{”z*L'(TT)'“"”(?*T)'?S"‘T*E
-sfnT (1)
L and R are x, y coordinates of the point L5-S1 from figure

1.

A = 0.00342(-)

e

1
m= nmun(ma

wusger

Fig 1. The spine analytical shape in the sagittal plane.

From the analysis of 30 X-Rays have been obtained values
for A parameter between 0.00003mm™ and 0.00005mm™ and
for the m parameter values between 0.00005mm’  and
0.0015mm™. These values are for the erect position of the
spine.

For the seated position the values are: A=0.00004mm™’ and
m=0.0016mm™. [6, 7, 8]

=303 -
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Human Body Posture before and after Maxillofacial Surgery
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Abstract

The aim of this study is to observe how the posnre is affected by maxillofacial fractures and how it is improved after
maxillofacial surgery. The procedure for all tests is non-invasive and it's formed by a Multl Sensor Electronic Baropodomstric
Platform, a PodoScanalyzer (2D, the D B.1S Softorars witch caloulates the valnes of the B.PI Index , Body Analysis Eaptur
Systemn and Domamic Image System Using the Baropodomeser we evaluate the balance of the haman body, oscillatons of the
pressure centme, visuzl mformaton of poor posture. & group of 10 patients with different maxilla facmres were investgated
hefore surgery and after. For each patient there were made two analyses. A dynamic analysis which determined how the maxilla
Factore affects the walking, and bow it is improved affer the surgery, and a stabilometry analysis which determined how the
maxilla fractore affects the standing posture of the body, and bow it is improved affer the surgery. As conclosions, the body
poshure is affected by the maxillofacial fracmres and mproves afier the surgery.
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1. Introduction

The poshure 15 the human body behavior in relafion wath the environment 1n which he lrves, and 1n relation wath
the laws that govemns these emivenment, first of all the foree of gravity. To do this, man has developed a specialized
strecture to overcome gravity, called the tonic postural svstem of vertical stabulity. [4, 5]
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