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l.INТRODUCTION 

The hydrodynamic coupling, also called Fottinger coupling, is important part in а power 
transmission. Generally he consists of а pump. w.heel connected to the engine and а copuling
ended turЬine that is equipped with uniforщ radial vanes. А torque is transfened between the 
pump wheel and the turЬine over а tluid which is accelerated Ьу the pump and decelerated in 
the turbine (Coriolis effect) [lJ. The hydrodynamic coupling can partially dissipate thermal 
losses. over the working tluid. Consequently the speed conversion is not limited over time 
(Fig.l). In principle, the transmittaЬle totque of completely fllled coupling increases 
continuously with de~reasing speed ratio down to almost О. · 

ffuid flow 
at 

Figure 1. Hydrodynamic coup/ing [Ј} 
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Hydrodynamic coupling can best Ье classified Ьу ~ividing them into two main groups according 
to application. One group comprises starting and slips coupling with constant filling, and the 
other variaЬle-speed coupling requiring and enaЬliџg variations in the degree of filling during 
operation for speed control. · 

Couplings with constant filling level ::-re totally enclosed, and have to Ье 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 detennines the coupling characteristics. Тhе startup 
characteristics of couplings with constant filling level can Ье varied Ьу the controlled filling of 
auxiliary chambers. Couplings with constant filling level are mainly d'sё'd for startup, torque 
limitation and for ·dampening torsional viЬrations. · 

VariaЬle-speed scoop tube and Шl-controllecl couplings enaЬle the stepless variation of 
power transmission, mainly Ьу altering the filling Ievel. For this reason they always have an · 
extemal fluid circuit, which serves for cooling as well as varying the filling Ievel. Тhе filling 
Ievel can Ье varied Ьу means of а radially adjustaЬie scoop tube, or control valves [2], [3]. 

Today, hydrodynamic couplings are mairi1y used in tran:>mission of energy in аП branches of 
industry: transport meaпS (stationary drives and automoЬile 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 Iiterature [4Ј.Г5] .. • 

In this paper, а method for fast design of the niain parts of а hydrodynamic coupling using 
parametric modeling is presented. Тhе method provides а 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 d~sign of the impeПer is concemed. Numerical model for· 
calculation of the Ьlade main parameters is developed in the MS EXCEL software package and 
appropriate data are then imported in AutoDesk package INVENTOR. Тhese data are used in 
CAD environment as parameters for automatic pump and turЬine blades generation. 
Мathematical model, numerical algorithm as wеП . as application of developed software is 
presented. This method is used for design of smaJI and medium power hydrodynamic coupling 
[6]. 

2. МАТНЕМАТIСАL MODEL 

Calculation of geometrical parameters of а· 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 designing а hydrodynamic coupling corresponding 
to predefined working characteristics. 

Starting inputs that will Ье used for detennining1the geometrical parameters of hydrodynamic 
coupling are defmed Ьу design requirements. Тhese requirements necessarily include: 

Р - power transmitted to the pump shaft Ьу driving machine, 

пр - pump shaft speed, 
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rz- efficiency of the cluch, 

р - working fluid density, 

р.- model- coupling working fluid density, 

р-working pressure. 
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Calculation of hydrodynamical coupling geometrical parameters can Ье represented according 
to next algorythm [6, 7, 8, 9]: 

.· . 
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Specific shвft speed n 'Р [ 1pm] 

• 
Pumphead[mJ~нr =[пр(~ ур~~:г 

f'<· 

• 
Dischargeflow (т' m3 

/ s] ~ Q P·HY·q 
p·g·HP 

•• • 

.l tr·n 
Pump shaft speed [rad / s] ~ ш Р = То 

• 1 Meridiвncomponentoffluidvelocity[m/s]~cm =0.06-~2-g·HP Ј 

·+ 
Р d ь· d" ~ ] 1 g·Hp · umpan rur 1ne ~ameters т ~r.= >( . 2)'r,=m·r., 

ш i-1·m . р 

where in = & = 1 + зv> v = Do = О 4 
r. 3+v2 ' • D · 

• 
1 Inlet area (А1 ) and outlet area (А0) of impeller [m2 ]=> А, =А. = ~ 1 

•• 
Impellerinlet (ьЈ and outlet (ь,) width [m] ~ ь2 = Q , ь, = Q 

2·tr·r.·cm 2·tr·r.·cm 

where Ц, =2·r. -Ь,, D =2·r,+b2 

• 
NumЬer of pump impellerЬ\ades~ Z1 = 8,6S(D ·1000)0

'
279 

·+ 
1 Numberof tш:Ьine impeller Ь\ades ~ Z2 = z, ± z\ 

.' 
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З. USING PARAМETERS IN AN AUTODESK INVENTOR MODEL 

Using mathematical model presented in previous chapt·~r, numerical algorithm for calculation of 
main dimensions of а pump as well as а 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 possiЬility 
to use parametric modeling approach as well as an external application for calculation [6]. 

\ 

Each dimension or other measuremeцt adJed to а model is automatically estaЫished as а 
parameter of а model. Such parameters can Ье used in equations fiom which other parameters 
are derived. 

In case of using the same parameters in various models, parameters can Ье defined in Microsoft 
Excel spreadsheet, which in turn, са.~ Ье embedded ·br linked to the Inventor parts or assemЫies. 

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

The data can start in any cell ofthe spreadsheet. 
\ 

The data iterns can Ье in rows or columns, but they must Ье in the correct order: 
parameter nате, value or equation, unit of measurement, comment. 

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

If units of measurement for а param~ter ,are not specified, the default units for the 
model are assigned when you use the parameter. То create а parameter without units, 
enter UL in the units cell. 

Column or row headings or other information can Ье included in the spreadsheef, Ьut 
they must Ье outside the Ыосk of c~lls that contains the parameter defmitions. 

R 
re 
rm 
ri 
rO 

Du 
Ds 
SL 
Zp 

247.052. mm 
222.197 mm 
178..375 mm 
104.067 mm 
50.998 mm 
40.000 mm 
80.000 mm 
18.000 mm 
49.000 ul 

Figure 2. Example of а tаЬ/е ofparameters 

Once created, а parameters spreadsheet can Ье used to drive the dimensions of а model or 
parameters.offeatures applied tci а model (Fig. 2). 

\ . 
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After а parameters spreadsheet has been succe~sfully linked to the model, list of m7 :;;~ 
. parameters in the Parameters dialog - Ьох will Ье updated, and it will resemЫe the one ii: :."::; 

Figure З. 

Ву linking an Excel spreadsheet to Inventor model, one can simplify the·process of generat:::; 
similar models based on the same parameters, and even completely automatize а desig:: с: 
series of products sharing the same geometxlcal shape. . 

8Modell'nnelsrs 

Pвiameter Nвniв un.· -Equ_slion Ye!ue i ·p,rnmem 
dO mm 25mm 5.000000 г 
1 mm 32.1mm/2u1 16.050000 г 

1"' mm Omm ~.000000 г 
в mm 60mm 0.000000 г 
d4 mm ~Zu1 ~,000000 г 

[<15 mm Smm ~.I!OiroOO г 

d5 1Щ IS'deg 15.000000 г 
dB /nm IOmm 0.000000 г 

е Userl'nnetas 

1~;~1-~·\ .. _Eiiu., ··l,v~г.-Jsl. :ео~' 

Г!)iid/ijЧP"!!!!!!!"""" ...... 

шЈ~~ 

Figure З. ConsЩrrt pqrameters mode/ tаЬ/е 

Automatization of the design of series of products begins with а creation of а spreadsheet 
containing the appropriate calculation of model geometrical parameters based on relevant 
inputs. An example of calculation of hydraulic coupling geometricai parameters, containing а 
list of relevant inputs is shown in the Figure 4. -
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1 А 1 1 'С t· О~ 1 
1 !Snaga (kWJ _:_~...~,__"_..~,_.;,с-"__-'-;,~ 

2JGustina radne 1efnosti (kglm'З( 
]]G)!Stina lklfm'ЭI 

F 1 G 1 н 1 1 
р 19.1DJ 

~Broj оМаја pumpnog vralila (o/minJ 
5 rStepen konsnosti 

~
6 'Stepen kansnnsti poganskog elektromalara 

l<lizanje (%1 
Radni pri!isek (bar) . 

_LUsvojeni kaelфn! Ьrzohodnosti (o/minJ 

J!!]Napor pumpe,(k.llkgj 
111ZaP.reminski proJok pumpe (m"З/sl 
Л]US'IOjeni stepen sigumosti (k) 
13 :·4·:~~n~~- ·rr5!.i~ ':r~ .• : 
и; п . 
'Thiugoana Ьqina pumpnag m~Ыа (1/s) 
1s1oьnm moment pumpe,(NmJ 
JI]usvojeni koeiфnt iz d~agrama (а) 

1В lerzina u mend"!l"nskom preseku (mlsJ 
l!ilPop~efmi preseci ulaza ј izlaza (m-2). 
~US'IOjeni odnos najveteg ј najmanjog pojJpreaua 
l!JOdnos najlof?g i nэjmanjeg pa1uprefnik1. ci~aaje 

.gjveti srednj polupreёnik ciJI<ulacije (mmJ 

~Мanji slednji poluprefnik ciJI<ulac§e JmmJ 

24 (visina izlaznog proJoeno~ presekз pumpnog kola (mm] 

;s]v~ina ulaznog proJofnog preseka pumpnog kola (mmJ 1 

;jvefiki poluP"'/nilc radnog kala (mmJ , . . 

,. ... 
np 
!'• 
elae 
s 
pr 
ns 

Нр 
а 
k 

dv1 
pi 

amegзp 

Мр 
alfa 

Cm 
;.; 
mi 
m 

Го 

n 
Ьр2 

Ьр1 

R 

Figure 4. Model parameters calculation spreadsheet 

81D.IDJ 
В7o.lin 
735.1DJ 

o.9!iJ 
о. :Ш 
S.IDJ 
S.IDJ 
БO.IDJ 

23.610 
iJ.!S:i 
1 . .4!il 

.!1 З/~ 
3.142 

76.$9 
246.1!53 

ol&J 
1.291 
0.069 
0.400 
0.4S8 

222.191 

104.067 

<19.710 

106.137 

247.052 
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Ву changing the values of inputs, the values of model parameters are changed, thus creating а 
model which dimensions and working features can Ье actively driven Ьу those values. lnputs 
relevant for the model can Ье: transmiited power 'Or torque required, shaft speed, etc. Creating а 
model with spreadsheet - driven parameters, once it is linked to an Excel worksheet, amounts to 
а regular Inventor sketching/modeling process, with an exception that actual values of sketch 
dimensions and defining values of work features applied to а model are not entered, but 
replaced Ьу their names as defшed in taЬle of ~arameters. 

Examples oftaЬle ofparameters ofa completed part, as well as an Inventor sketch created using 
а parameters spreadsheet are shown in the Figures 5-7 . 

. · 
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F*'1М*, 
BМodeiPIItemetвtl 

~-- \Jnjt Equet;on 1 vON. ~ Commem 

&nm lrm Е~~ &nm 251!m 
&nm 
lnrn 05~'111 h~~ lnrn ... ы~· 

lmm н·•~ .1161 
lnrn "150.S!В1 

&nm 1241.1151 

"""' 
:omm ~ttoom 

lnm R•Srnm 

fi lnm l15mm 
lnm Пomm 

r oџ,~psll!l!ll!nl.=fn~, 

.§]~~ 

Figure 5. ТаЫе ofparameters of an active/y driven model 

cl52= 15mmo--_:J!.J,.;.:..:'"1r-t---d!i0-=2v1•SL 
d56= 110mm,--_...,o--....,j .... 

d114 IИ0-6.52mm 

Figure 6. Paramete1· driv~n mode/ sketch 
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Figuгe 7. ЗD mode/s ој the ритр and the turblne impel/er 

4. CONCLUSION 

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

The method provides а tool for automatic generation of hydrodynamic coupling pump and 
turblne impellers 3D models, in AutoDesk Inventor environment, based on lnventor interacting 
with Microsoft Excel spreadsheet program. Geometrical parameters are determined using the 
calculating algorithm provided in the ftrst 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 а 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 Ье 
required to design the e_l!_rts ofthe coupling that arenotofhydrodynamic importance. 

--.Ј 
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