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DYNAMIC IDENTIFICATION OF A HYDRODYNAMIC
TORQUE CONVERTER

Mircea BARGLAZAN!

Lucrarea prezintd un model teoretic pentru identificarea dinamicd a
convertoarelor de moment hidrodinamic. Convertorul de moment este considerat ca
0 masind cu parametrii concentrati, numitd cuadripol.

Plecand de la legile de baza ale mecanicii §i considerdnd o curgere
unidimensionald in interiorul convertorului intr-o suprafata medie toroidald, se
realizeaza functiile de transfer si matricea de transfer a maginii. Aceste rezultate
sunt folosite pentru a descrie comportamentul convertorului in regim de functionare
nepermanent §i tranzitoriu.

The paper presents a theoretical model for the dynamic identification of
hydrodynamic torque converters. The torque converter is considered like a machine
with lumped parameters, namely a quadripole.

Starting from the basic laws of mechanics and considering an one-
dimensional flow inside the torque converter in a mean toroidal surface there are
developed the transfer functions and the transfer matrix of the machine. These
results are useful to describe the behavior of the converter in no stationary and
transient operation.

Keywords: Hydrodynamic transmissions, torque converters, dynamic
identification, transfer matrix, transfer functions.

1. Introduction

The hydrodynamic torque converter consists from a pump impeller (P) one
or more turbine runners (T) and stator stages (S). For the following mathematical
developments it is considered the simple Fottinger transmission, fig. 1, but
analogous relations may be obtained for Riesler, Lysholm-Smith or any other type
of hydrodynamic torque converter [1], [3], [7], [10].

The dynamic response of the machine is determined through the harmonic
sinusoidal perturbations on the global parameters of the hydrodynamic torque
converter [4], [5], [6] and [8]. Using a parametric synthesis it is possible to model
the linear dynamic behavior of the machine.
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Fig. 1 Explanatory sketch for a hydrodynamic torque converter circuit. Axial section through the
torus

2. Theoretical model

The mathematical approach refers to a transmission with a pump impeller,
a turbine runner and a stator, fig. 1. The basic laws of fluid motion are applied to
pump, turbine and stator which, from hydrodynamic point of view, form radial,
radial-axial and axial cascades of blades [2], [9]. Fluid mechanics conservation
laws are applied on rotors and stator generically sketched only a part, namely a
pump channel, between two blades, in fig.2.

The momentum equation is applied to the control volume of which a
channel is represented in fig.2. So :

.
“Z_NF 1
2 > (D
Developing:
o, - - — - .
ia(pv)dV+£vpv-dA=—£pdA +’J:pde+Fm )
where 7 - mass specific force , p - density, V' - volume, A4 - area, v - velocity,

t -time and F_ - external forces.

ext

The moment of momentum in respect of the rotation axis gives:
dl —-~ —
— =) rxF 3
% > 3)
Again, for a liquid, in developed shape:
ext

pj?x%dmpj(?x$)§-d2:—jp?xd2+pj?x7dV+?xF‘ (4)
v A A 4

Projecting along the X axis, namely the rotation axis, it is obtained:
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pJ.raav“ dV+pQ(rvu)|
14

=rF,,=M, (5)

t
Because A=4 UAe and 4, =ZAAi respective 4, =ZAA€ . The
surfaces A4, and 4, are symmetrical in respect of the X axis and the resultant of

the superficial forces F,=— pd A intersects the rotation axis and r =0

Fig. 2. A channel from a pump impeller cascade. Legend : index 1 - entrance, ¢ — exit, of the
liquid from the cascade ; ext — external.

Knowing that 7=§ similar the weight of the fluid from the control

volume intersects the rotation axis and #=0. So the integrals of the right side of
the relation (4) vanish.
The external forces are transmit from the shafts to the rotors E :ZA E .

Taking into account the relation in the velocity triangle of the liquid, fig. 3:

v, =u—v, ctgﬂzrw—%ctgﬂ

(6)
Introducing rel. (6) in rel. (5) :
Mx:MhPzpj.rg(rw_%CtgﬂjdV+pQ(]/;2vue_r;vui) (7)
4

0w 0
Myp=p [ 2 ar-L[rLeg pavs p0(rv,.-1v,) ®)
Vv Vv
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But
dV=Adl 9

and
dl=ds sin (10)

—
N4

=
w
Fig. 3. The velocity triangle, of the liquid, in the rotors. v - absolute velocity,
w — relative velocity and u — tangential rotation velocity.

Here dl - is the displacement element along the meridian velocity a and
ds - 1is the displacement element along the channel (tangent to the relative

velocity w in the rotors and tangent to the velocity v in the stator).
The moment of inertia of the liquid (oil) inside of the rotor is:

J,=[r* dm=p [r* av (11)
m v
With this rel. (8) for a pump impeller becomes:
oo | 00
M,,=J ——p|rcosf—ds+ A A 12
hP u 51‘ p_!. ﬂ 51‘ IOQ(eue i uz) ( )
For a turbine runner:
oo | o0
M ==M,, ==J, E"' p"-rcosﬂg ds—pQ(revue _’;’vui) (13)

Introducing, in accord with fig. 1, the equation of motion, namely the
rotation of a body in respect of an axis in the form:

do

JPEZMP_MhP (14)
do

JTEZM},T_MT (15)

with J, and J, the moment of inertia of pump and turbine solid parts of rotors

and shafts.
Combining rel. (12) with (14) respective rel. (13) with (15) results the following
torques:



Dynamic identification of a hydrodynamic torque converter 229

0w

M,=(J,+J,) 81‘ 0

jrcosﬂ—ds+pQ( FVe =T V,) (16)

M =-(J,+J;)— 0 +ercosﬂ—st+pQ( KV =T V)
ot
(17)
for the pump and turbine shaft. For the stator carcass:
M =M, = pjrcosaaaQ ds'+ pO(rv,—r.v,) (18)

1

where dl=ds'sinc.

It is obvious that in stationary regimes the transmission satisfy the
equilibrium balance of the toques

M,-M,-M; =0 (19)
Using the Bernoulli equation in relative motion in rotors:
2 2
g W P _u —j @_Wd i, 20)
rg 28 Pg
With the hydraulic losses expressed through:
2
- 495 W
i 4R, 2g

and the analogous relations in stator it is possible to introduce the specific
energies balance :

Hy=H +Y h +> h, o)

In which the pump head is equal with the turbine head and all the
hydraulic losses and shock losses from the circuit added. For the expression of the
shock losses in a hydrodynamic torque converter there was used the relations from

pages 110 to 120 of [1].
Relations (16), (17) and (18) got the shape:

do d
My, 2 ik, 2 sk, 0, ki, O 22)
dow d
M, =k, dtT"'kza d?+k24Qa)P+k25Qa)T+k26Q2 (23)
d
= k33 _? +kss O, +k36 Q2 (24)

Relation (21) with the above mentioned specifications is:

dc;op +ky d;)T +k, C;Q+k44Qa)P+k45Qa) ki O + kg 0+ kg 0 (25)
t t 4

in which the introduced parameters are :

O=k41
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k,=J,+J,
Pe
k13:—pjrcos,6’ ds
Pi
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ki Z_p(rPi ctg Bp — 1, Ctgﬂpe)
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Si
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Ti
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2 2 2
v 7, v,
ki = 2 (C‘tg Br; ——*ctg aSej +[Ctg Bri ——Lctg ﬂpej +(Ctg As; ——<ctg ﬂTe] +
24 Pi Ti Si
A U ds
5] T
i=p,r,s < SN B

By the parameters k,, k, k, : A - is the mean area, U - relative

velocity in P and T and absolute velocity is stator and between the cascades and
A - the mean friction factor.

k —£+r2 1/ 72 2—1
47 2 Pe 2 ]"Sl,
) 2
k48=i+rfe 1 -1
2 AR

The dynamic identification is applied to the linear differential relations. So
to the rel. (21) — (24) there are considered small periodic harmonic perturbations
around a stationary operating regime. The functions M, M, and the variables

0 o, o, may be written:

MP:MPO+MP (26)
MT :MTO+A7T (27)
0=0+0 (28)
Wp = Wp +5P (29)
or =07 + 5]" (30)
M,, and M, are obtained from rel. (22) (23) without the terms which contain
do 1992

dt dt
The linear fluctuations of the functions are:

- do do ~ -

Mp =k117tp+k137?+k14Q00)p + (kg0 po + 2k1600 )0 (31)
- do do

My =kyy—L +koy—=+k Op+k o5 +

p=hn— 237, 24Q00p + ko500 0p (32)

(kyg@po + kysarg +2kz600 )0
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0=ky djtp +kyp dZT + kg3 62—? + (k44Q0 +2kg70p )+ (33)
(kasQq + kagorg Jor + (k44wpo +kyq0010 + 2k46Q0)§
Noting with:
=k, Q)
Ci3 =k, Wpy +2kis O,
Cy =y Oy
Cp=hys Oy
Copy =kyy Wpy +hps 0y + 2k O,
Car =k Qo +2 k7 g
Cpp=kys Oy +2ky5 opy
Cy=hy Wpy+kys 0y +2k s O,
Relations (31) — (33) became:
Mpzkll%+kl3‘;—?+cnap+cl3§ (34)
- day dO ~ B -
My =kyy——+kyz3—+cp10p + 07 +¢230 (35)
dt dt
0=rky dZP +kyp dZT +k43%+c41a7p +Cyp0p +¢130 (36)

Through Laplace transform from the time domain in the frequency domain
it is introduced the complex variable s=A4+ Bi. The torques equations and the

specific energy balance got the expressions:

M p(s) = (kyys +ery)ap(s)+ (kizs +¢13)0(s) (37)
My (s)= ca1@p(s)+ (kaas + e )y (s)+ (kazs + 23 )O(s) (38)
0= (kgys +cq1)Bp(s)+ (kaps + 4 )y () + (kass + ca3)0(s) (39)
In matrix form which describes the variation around an equilibrium point:
MP(S) kiis+cq 0 kizs+ecpz ), ~
Mr(s) | =| kyps+cap  kpzs+eas (aip J (40)
P

0 k41$+C41 k42$+C42 k43S+C43
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Considering the hydrodynamic torque converter as a informational
quadripole, see fig. 4, eliminating the fluctuating rate of flow, Q(s), between
equations (37) — (39) results the transfer matrix:

[ (4]
(CUT J_ wp Mp ((Op J (41)
M M M) |\ M
T F T F T P
wp Mp
The component transfer functions of the transfer matrix are:

F[&j _ (k115+011)(k43 S+c43)_cl3 Ca

Wp Cp Cpp (42)
F( @, ] _ kys+cy,

M, Cj3 Cpp (43)

& + p
P R T
— 0
My [ATS
i) b
+
™M
F '___1‘
AM-JT + (Mp) 'Mvp
Fig. 4. Structure of the informational quadripole representing the dynamic behavior of the torque
converter.

F(%J _ a3y etk s+ar) (ko s+op) (ke s+as) - kn s+op) az e Hkns+en) e e
@p az
(44)

F(Mrjz— (kzzs+czz)(k43s+c43)_cz3 Cp
M

P Ci3 Cpp

(45)
3. Conclusions

1. The paper establishes a theoretic model for the transfer matrix of a
hydrodynamic torque converter in the shape of an informational quadripole.



234 Mircea Barglazan

2. There are given in linear, one-dimensional approximation and concentrated
parameters the expressions for the transfer functions of the machine.

3. Based on the fundamental laws of mechanics and non-stationary fluid flows
applied to a first class of hydrodynamic torque converter, the method used may be
generalized to any kind of hydrodynamic transmission.

4. Experimental verification in a testing rig with harmonic perturbation will
determine the precision of the model and the influence of the nonlinearities on the
particular values of the expressions of the transfer functions.

5. Dynamic identification of the hydrodynamic torque converter permits the
calculation of the non-stationary and transient behavior of the transmissions.
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