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Abstract

Hydrodynamic coupling is important part in a power transmission. Due to that fact, optimal as
well as fast design of the impeller is concerned. In this study numerical model for calculation of
the impellers main geometrical parameters is developed in the MS EXCEL software package
and appropriate data are then imported in AutoDesk package INVENTOR. These data are used
in CAD environment as parameters for automatic pump and turbine impellers generation.

In this paper mathematical model, numerical algorithm as well as application of developed
software is presented. This method is used for design of small and medium power
hydrodynamic coupling
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1. INFTRODUCTION

The hydrodynamic coupling, also called Féttinger coupling, is important part in a power
transmission. Generally he consists of a pump. wheel connected to the engine and a copuling-
ended turbine that is equipped with uniform, radial vanes. A torque is transferred between the
pump wheel and the turbine over a fluid which is accelerated by the pump and decelerated in
the turbine (Coriolis effect) [1]. The hydrodynamic coupling can partially dissipate thermal
losses. over the working fluid. Consequently the speed conversion is not limited over time
(Fig.1). In principle, the transmittable totque of completely filled coupling increases
continuously with decreasing speed ratio down to almost 0. ' ’

fuid flow
at > ng

[ L AR R IV

_ pump wheel -}

rbine wheel
L]

Figure 1. Hydrodynamic coupling [1]
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Hydrodynamic coupling can best be classified by thxdmg them into two main groups accordmg
to application. One group compnses starting and slips coupling with constant filling, and the
other variable-speed coupling requiring and enabling variations in the degree of filling during
operation for speed control. '

‘Couplings with constant ﬁllmg level are totally enclosed, and have to be filled with the correct
level of operating fluid prior to startup. The fiiling level is defined as the ratio of fluid volume
to total coupling capacity, and thus determines the coupling characteristics. The startup
characteristics of couplings with constant filling level can be varied by the controlled filling of
auxiliary chambers. Couplings with constant filling level are mainly us€d for startup, torque
limitation and for dampening torsional vibrations,

Variable-speed scoop tube and fill-controlled couplings enable the stepless variation of

power transmission, mainly by altering the filling level. For this reason they always have an -

external fluid circuit, which serves for cooling as well as varying the filling level. The filling
level can be varied by means of a radially adjustable scoop tube, or control valves [2], [3].

Today, hydrodynamic couplings are mainly used in transmission of energy in all branches of
industry: transport means (stationary drives and automobile technology, marine applications),
process equipment for leather, food, chemical industry and mining, machinery for metal, wood
and textile treatment and etc. Analyses of various aspect of this hydrodynamic system has
already conducted and presented in literature [4],[5]. .*

In this paper, a method for fast design of the ndain parts of a hydrodynamic coupling using
parametric modeling is presented. The method provides a tool for automatic generation of the
hydrodynamic coupling pump and turbine impeller 3D models in CAD environment, based on
AutoDesk Inventor interacting with Microsoft Excel spreadsheet program.

Due that fact, optimal as well as fast dzsign of the impeller is concerned. Numerical model for
calculation of the blade main parameters is developed in the MS EXCEL software package and
appropriate data are then imported in AutoDesk package INVENTOR. These data are used in
CAD environment as parameters for automatic pump and turbine blades generation.
Mathematical model, numerical algorithm as well .as application of developed software is
presented. This method is used for design of small and medium power hydrodynamic coupling

f6}-

2. MATHEMATICAL MODEL

Calculation of geometrical parameters of a- hydrodynamic coupling is based on one —
dimensional model of fluid flow, and on the theory of conformity. Main purpose of this
calculation method is to provide means for desxgmng a hydrodynamic couplmg corresponding
to predeﬁned working characteristics.

Starting mputs that will be used for determining:the geometrical parameters of hydrodynamic
coupling are defined by design requirements. These requirements necessarily include:

P — power transmitted to the pump shaft bj/ driving machine,
n,— pump shaft speed,
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n - efficiency of the cluch,
p — working fluid density,
ps — model — coupling working fluid density,

p- working pressure. .

Calculation of hydrodynamical coupling geometrical parameters can be represented according
to next algorythm [6, 7, 8, 9]:

1
&

L]
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Specific shaft speed n,, [rpm]

Y

Pumphead[m]=> H, = [n,(%)
Dischargeflow [m’ /. s] =0=

‘4 : n-n

Purmp shaft speed [rad/s]=> o, = £

¢v 30 ' _

Meridian componentof fluid velocity[m/s]=> c,, = 0.06- [2-g-H,

¥ -

P10’y
pgH,

-H
Pump and turbine diameters [m}=> r, = zg £, r,=m-r, -
o \l—i-m
2
where m:'c’i:li:l-, =_D_0=04
r, 34v° D

Inlet area (A, ) and outlet area (A,) of impeller [m?]=> 4, = 4, =<
cm

3

Impellerinlet (5, ) and outlet (3, ) width [m] => b, = ?nQr_c, b = ETQT,c—,

where Dy=2-r,—b,D=2-1,+b,

Number of pump impellerblades=> Z, = 8,65(D-1000)**™

¥

Numberof turbine impeller blades = Z, = Z, £2

LU P-4

TR

i
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3. USING PARAMETERS IN AN AUTODESK INVENTOR MODEL

Using mathematical model presented in previous chaptzr, numerical algorithm for calculation of
main dimensions of a pump as well as a turbine impeller is developed. For that purpose,
Microsoft Excel spreadsheet platform was used. Geometrical modeling of the hydrodynamic
coupling’s prototype was carried out in AutoDesk Inventor environment because of possibility
to use parametric modeling approach as we}l as an external application for calculation [6].

Each dimension or other measurement added to a model is automatically established as a

parameter of a model. Such parameters can be used in equations from which other parameters
are derived.

In case of using the same parameters in various models, parameters can be defined in Microsoft
Excel spreadsheet, which in turn, can: be embedded or linked to the Inventor parts or assemblies.

MS Excel spreadsheet containing the model parameters is required to be in the following
format:

" —  The data can start in any cell of the spreadsheet.

-~ The data items can be in rows or columns, but they must be in the correct order:
parameter name, value or equation, unit of measurement, comment.

—  The parameter name and value are required; the other items are optional.

— If units of measurement for a parameter are not specified, the default units for the

model are assigned when you use the parameter. To create a parameter without units,
enter UL in the units cell.

—  Column or row headings or other infoxmation can be included in the spreadsheet, but
they must be outside the block of c¢lls that contains the parameter definitions.

R _ 247.052 mm

5]

55| re ‘ 222197 mm
56 | m 178.375 mm
57 n .o 104.067 mm
581 )] 50.998 mm
59 Du 40.000 mm
60 Ds 80.000 mm
81l SL 18.000 mm
62 Zp k 49.000 ul
&3] -— |

Figure 2. Example of a table of parameters

Once created, a parameters spreadsheet can be used to drive the dimensions of a model or
parameters of features applied to a model (Fig. 2).
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After a parameters spreadsheet has been succe sfuﬁy linked to the model, list of moc=
- parameters in the Parameters dialog —box will be updated, and it will resemble the one ir ==
Figure 3.

By linking an Excel spreadsheet to Inventor model, one can simplify the-process of generat—z
similar models based on the same parameters, and even completely automatize a desigm <
series of products sharing the same geometrical shape.

- Parameters

ParnetorNaris ] ik | - Efueson - | Ve 8] " Commen
Hdo mm  [5mm ~pshonoto [T

Hdl mm [321mm/ 2t Jisesoom Jr©

A mn_(80mm — lenosno0 §r

8 mm  [S0mm Ton.00000 |

HH mm__ |AJ2ul 40000000 |~

173 nm_[5mm 500000 |

tds deg |15¢eg 15.690000 |

98 fom [10mm " Jrosoooed P

8 User P
[omeartions | G ]. . eqiton | veie' [ . commen_|
]

Figure 3. Constant parameters model table

Automatization of the design of series of products begins with a creation of a spreadsheet
containing the appropriate calculation of model geometrical parameters based on relevant

inputs. An example of calculation of hydraulic couplmg geometrical parameters, containing a
list of relevant inputs is shown in the Figure 4. :

L
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L]

' model 1 A 8 1< T o 1 € T FJ 6 [ & 1 1T 1
. 1 [Sags W0 P 19,000
2 in the 2 Gustina radne tecnosti[kg/m'3) ) P 7000
3 JGustin (kpim3) ns 870,000
4 Broj obdaja pumpnog wratila [o/min) np mg
. _5 |Stepen kurignosti eta 0.9%
1e_r ating B |Stepen karisnosti pogonskog elekiromotora s elap 030
sign of 7_|Kizanje {%} s 5000
© |Radni pritisak [bar] . [ 5000
_9 ;Usvojeni koefieijent brzchodnosti {o/min) ns £0.000
Elﬂaw pumpe [kifkg) Hp 261
11 |Zapreminski protok pumpe fm3/s] Q 0030
EUM}BM stepen sigumesti (k) k 1,450
T31ednk eatia e N o 1230
a8 T . di 3182
15 lUgaona brzina pumpnag wiatila [1/s} ) omsgap 7699
16 {Obrtni momen? pumpe [Nm} Mp 5853
17 |Usvojeni koeficGent iz dfjagrama (@) . Elic] 0080
& 18 {Brzina u meridanskom preseku [m/s} C_m 1.31
- P 19 1Popreimi presaci ulaza i izlaza [m3). A 0.088
. _il]Uswjeni odnos najveteq i najmanjeg pojuprednika L. mi 0400
E 21{0dnos najveteq i nejmanjeg potuprefnika Cirkdacie ) m 0.5
o 22|Vt srede polupreék citulac]s mm) . o e
23 Marji srednji pohupreénik cikutacle [mun] T 104,087
24 Visina izlaznog proloSnog preseka pumpnog kola [mm) bpz H.710
;[Vusina ulaznog protognog preseka pumpnog kofa [mm) bpl 106.137
26 |Velik palupreik radnog kola [} , R 27022

Figure 4. Model parameters calculation spreadsheet

By changing the values of inputs, the values of model parameters are changed, thus creating a
model which dimensions and working features can be actively driven by those values. Inputs
relevant for the model can be: transmiited power or torque required, shaft speed, etc. Creating a
model with spreadsheet — driven parameters, once it is linked to an Excel worksheet, amourits to

dsheet a regular Inventor sketching/modeling process, with an exception that actual values of sketch
levant dimensions and defining values of work features applied to a model are not entered, but
ning a ~ replaced by their names as defined in table of parameters.

Examples of table of parameters of a completed part, as well as an Inventor sketch created using
a parameters spreadsheet are shown in the Figures 5-7.

i

g
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Figure 5. Table of parameters of an actively driven model

r

@37 = 15 mm:
—d1=25mm
459 =25 mm
6116= 1100 mm )
435 = 20 mmy =45 mm
,
92 19 mm = ZON

642 = 45 dog 1 =
: =dt T g3 =R +5mm
@3=05ul"(re +1) m=d13=R oo —

6116=5 mm m _——
d3=05ul"(re +1i) P S
1=000mn ——
41 a5 mm w0Blsi2umz 0 : =72 A
3=5m "
B =10 m R =248 T3
&2 =15 mm o =2ui°SL vz
&5 =110 mm — -
== 0
[ 24 -
a4k 60632 mm e e
feo-strunpa iy
Figure 6. Parameter driven model sketch ~2leve
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Figure 7. 3D models of the pump and the turbine impeller

4. CONCLUSION

After reviewing the mathematical basics of hydrodynamic coupling development, this article
elaborates a method for automation of hydrodynamic coupling 3D-model development.

The method provides a tool for automatic generation of hydrodynamic coupling pump and
turbine impellers 3D models, in AutoDesk Inventor environment, based on Inventor interacting
with Microsoft Excel spreadsheet program. Geometrical parameters are determined using the
calculating algorithm provided in the first part of this paper. Means for linking of AutoDesk
Inventor 3D models and Microsoft Excel spreadsheet are discussed in the second part.

The intention of the presented project ‘was to provide the engineers with the tool for
hydrodynamic coupling design, without a deeper knowledge of hydrodynamic aspects of the
coupling or methods for its mathematical description. Considering that the coupling parts
relevant in terms of hydrodynamics are generated automatically, engineers would only be
required to design the parts of the coupling that are not of hydrodynamic importance.
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