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Lysholm-Smith torques converters has a special importance, due to the fact that
this kind of machine can realize a continuously variation of the torque and of the
rotational speed to the outlet shaft as function of the resistant torque and, in the
same time, an amortization of the shocks and vibrations. This type of torque
converter has three turbine stages, intercalated by two stages of reactors (having
stationary blades).

The present paper presents theoretical and experimental results obtained on a
Lysholm-Smith torque converter CHC-380 in the laboratory of Hydraulic
Machinery Department from “POLITEHNICA” University of Timisoara,
ROMANIA. Theoretical, was studied the behavior of the torque converter,
expressed by the characteristic curves. Experimentally, was studied the variation
of the temperature inside the torque converter with and without the cooling
system and, also, the influence of the filling degree on the characteristic curves.
The paper discusses, in the same time the definition and the variation of the
degree of transparency for this particular torque converter.

Key words: torque converter, Lysholm-Smith, temperature, efficiency, degree of
filling, degree of transparency

Introduction

Hydrodynamic transmission found a large area of applications in automotive
industry, heavy civil engineering machines, in mining, in ships and railway engines, etc. The
hydrodynamic torque converter is a transmission which consists from a combination between
a hydrodynamic pump and a turbine in the same carcass (envelope) [1-4]. The Lysholm-Smith
CHC-380 torque converter has four rotors and three stators, placed between the turbine rotors.
The main hydraulic circuit is plotted in fig. 1, with: the pump (P) — the first turbine stage (T1)
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— the first reactor (Rel) — the second turbine stage (T2) — the second reactor (Re2) — the third
turbine stage (T3).

In the case of Lysholm-Smith

) ' torque convertor, for constant values

4 Rel ~ U of the rotational speed at the entrance,

/ ! ‘9 the  entrance  torque  increase

}_Uf continuously in the same time with

| L2 the resistance torque, i. e. in the same

i Re2 time that decrease the ratio ny/np [2,

P ! 5]. This characteristic of the torque

[ T3 convertor is called “transparency”.

' The variation of the resistance outlet

torque produces proportional
h : variations of the inlet torque.

T1

Theoretical model
The paper presents a quasistatic

5 mathematical model to estimate the

performances of torque converters (of
Figure 1. Hydraulic circuit of the torque converter Lysholm-Smith type) [1, 2].

Theoretical specific energies

For the pump, by definition, the theoretic head is given by:

tP :;'(”29 “Vyop ~Upp 'Vu1P):
g-(1+ psp)
1 Tip -V )
=—'sz'wp-vuzp-(1—MJ
g-(1+ psp) yp *Vuop

For the first stage of the turbine the characteristic energy is considered from the
characteristic equation, taking into account that the momentum at the inlet is given by the law:

vu
it " Yurmt =T2p " Vuzp = 2p 'li 2
+ ps
and the total head of the turbine is divided by the rule:

3
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And so, will be obtained, for the first turbine,
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For the third stage of the turbine, the kinematic and angular elements are considered
as function of the pump inlet:

"p " Vurp
R T ©
1+T"”1P‘Vu1P‘AxP-13
and
1 1
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Between the second stage of the reactor and the third stage of the turbine, the
transfer of the momentum is considered given by 7,rer “ Visrer =713 - Vuis » @Nd

Qt T3 J (7)

1- ,
T2Re2 [ 2‘“"’12T3 ‘O1 bypey +8d 13 -tan (Byp3)
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_ m2 Re2
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Visre2 =

VizRe2

And the tangential speed at the entrance of the second reactor will be:

v;nl > bire ' '
Vi1Re2 :vi'b]i‘p}zez '((1+pReZ)'vt3Re2 ~ Vi Re2 ‘ctg(az)) (8)
VmpRe2 “2Re2
Between the outlet from the second stage of the turbine and the entrance in the
second stage of the reactor, the transfer of the momentum is considered given from
o Vo =Fre Vire » and the specific energy on the second stage of the turbine will be:
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The transfer of the momentum between the outlet of the first stage of the turbine and
the inlet in the first stage of the reactor given from:

r. -V
"iRel “VitiRel = Yonc e (10)
f
1+ o1 Vo A X gl
Q
with tangential speed at the outlet from the turbine stage:
9
Vaart U1 — L (11)

2-m-ryy by -sdypy - tan (Byry)

And at the outlet form the first stage of the reactor:

[ Y
Py Varry = — 2Rl * Vi3Rel (12)
T
1+ “TyRel *VisRel *A X pei-m
0
from was results:
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And from the equation of the momentum will be obtained the tangential speed at the
outlet of the reactor:

_ NRel " Rel

Vorel == Virel — (14 Prer) (_e *Vi1Rel ~ Vi3Rel (14)
75 Rel ) Rel

and the characteristic angles:

®)3pe = atan (M] = atan [ ! Q ] (15)

Vi1/3Rel Visrel 2 T FaRet “Diarel “5d1/2Rel

a'2 Rel = atan ! (16)

, b ,
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bl Rel

Volumetric losses

The lost flows are obtained calculating the losses in the seals:

Apc i
Oii) =Cdet(i)‘Set(i)'1’2'g‘% (17)

with the pressures Apg Obtained from:
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- for the case of the pump:

A - ®
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Y g 2-g 8-g

- for the case of the turbine:
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Hydraulic losses
Hydraulic losses are written in the form;
h=g. (20)
p 2g

where the characteristic speed, v, is considered ay the outlet of the respective blade. Hydraulic
losses in the rotors can be, also, calculated with:

'2
v
ho =((s) —2 21
O v (21)
where the slide "'s" is defined by:
g O TOT (22)
®p

(with "i" the speed ratio of the rotational speeds).
The shock losses at the inlet of the blades are considered, at the inlet of the rotors:

) 2
u 0

h socR (1) — Csoc L (1 - _J (23)
p R () 2. g QO

with R (i) the considered rotor, Q — current flow, Qo — nominal flow, and for the reactors:
2 P 2 2
hp soc Re (i) — Csoc : = L [g - j (24)
2:g2 (Nge o) 0O,

Dividing the sum of hydraulic losses, for each stage, from specific energy (head),
the real specific energy will be obtained.
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The transmission ratio will give the relation between rotational speeds.

The torques momentum will result as: M, =(p-g-Q-H,)/(wp -mp) and,
respectively, M =(p-g-Q-Hy -ny)/oy

Having the connection between torque momentum p=M; /M, , the global

efficiency of the torque converter is given by:
M; - o

ParbT .
n= T —u (25)
Pup Mp-0p

a

Numerical results

Based on previous relations, the characteristic curves for a torque converter of
Lysholm-Smith type was calculated, using a personal code.
Some of the obtained results are presented in figures 2, 3, 4, 5, 6, 7, and 8.

Figure 2. The variation of hydraulic losses in the Figure 3. The variation of hydraulic losses in
first turbine stage second turbine stage
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Figure 4. The variation hydraulic losses in the third turbine stage
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Figure 5. The variation the losses in the torque convertor
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Figure 6. The variation of the torque momentum at the shaft of the pump



Manea, A. S., et.al.: Theoretical and Experimental Studies on Torque...
S238 THERMAL SCIENCE: Year 2010, Vol. 14, Suppl., pp. S231-S245

Torque momentum at the shaft of the turbine, N.m

o 100 200 300 400 500 600 700 200 200 1000 1100 1200
Rotational speed at the shaft of the turbine, rew/min

Figure 7. The variation of the torque momentum at the shaft of the turbine

100
90
30
70

60

Efficiency, %

50
40
30

20

.

800 rot/min

0 100 200 300 400 500 600 700 200 900 1000 1100 1200
Rotational speed at the shaft of the turbine, rew/min

Figure 8. The dependence of the efficiency from the turbine rotational speed

Experimental results

The experimental rig

The testing rig (figure 9) consists from: 1 — torque converter Lysholm-Smith, 2 —
multiple speed induction motor, 3 — dynamo for load, 4 — Ward — Leonard system for power
regeneration, 5 — additional electric aggregate for excitation, 6 — closed circuit for coupling
brake circuit, 7 — gear pump, 8 — radiator, 9 — starter equipment, 10 — gauge for torque, 11 —
data acquisition system: FC — frequency converter, 12 — data acquisition equipment and
computer [1, 4, 5].

The experiments were made in two different cases: with and without the cooling
system connected.
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In both cases was measured the variation of the temperature inside the CHC — 380
torque converter, for different filling degrees: 100%, 95 % and 75%. In order to measure the
oil temperature, was used a type K chrome — alumel probe, having the diameter of 1.5 mm,
and DS 1820 sensor. The advantages of the use of the thermocouple are: the direct contact
with the oil, the possibility of its direct connection to the measurement equipments, low
sensibility to shocks and vibrations, high resistance at pressure variations, resistance to
corrosion. The obtained signal from the thermocouple is in mV and is measured with a
voltmeter; the value of the temperature is obtained from the characteristic curve of the
thermocouple. For the DS 1820 sensor, the temperature is read on an electronic display.

The characteristics of both instruments are presented in table 1.

Figure 9.1. The testing rig

Figure 9.2 The cooling system Figure 9.3 View of the torque convertor — the stator
blades
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Table 1.
Temperature probe Temperature range Accuracy
Chrome-Alumel type K 0+ 1000 °C +0,75 %.
Sensor DS 1820 ~55 ++125°C 0,5°C
Experimental results

In figure 10 are presented the results of the measured values of the temperature for a
filling degree of 100 % with the cooling system coupled, and in figure 11 the variation of the
temperature for filling degrees of 95% and 75% without the cooling system. In the first case,
the temperature reaches a constant value of 63°C. In the second case, the temperature has

continuum rising tendency in time.

For different values of the pump rotational speed was obtained thought ABB 550
converter, position 11 in figure 9, and taken as constant by the converter, the following values

was measured:

— the torque at the pump shaft, given by the ABB 550 converter;
— the torque at the turbine shaft, measured with a torque transducer of HBM T22/200 Nm
type, having the nominal torque at N - m, precision class 0,5 and the output signal at -5 ...

5V or10+8 mA, and

— the rotational speed at the turbine shaft was measured with a transducer of slot — disc

type.

Data was acquired with a National Instruments NI 6212 devise, using a LabView 8.6

soft.
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Figure 10. The variation of the temperature of the oil in torque converter with cooling system

From this data, using the relation for the mechanical power P=M -®, was
obtained the angular speed o.
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The efficiency of the torque converter was given by:
P
— arbT (26)
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Figure 11. The variation of the temperature of the oil in torque converter without cooling system
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Figure 12. The variation of the torque converter efficiency, with cooling system coupled
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Analyzing the curves from figure 12, results that when the cooling system was
coupled, the efficiency of the torque converter increase proportionally with the pump
rotational speed. In the same time, for the same rotational speed of the shaft of the pump, as
for example for np = 1000 rot/min, as is shown in figure 13, results a decrease of the
efficiency up to 20 % in the case of not coupling the cooling system.

Characteristic for the Lysholm-Smith type torque converter is the fact that, for
constant values of the rotational speed at the inlet shaft, the torques increase as the same time
the resistant torques at the outlet shaft increase too, i. e. in the same time that decrease the
rotational speed ratio. This characteristic of the torque converter is called “the transparency”.
The variation of the torque at the outlet shaft produces variation of the rotational speed at the
inlet shaft.
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5 % 3 -
g E
g :
e 2. v -
i3 / without cooling system * \
A 2
20 it
-
- ]
10 Y
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0 50 100 150 200 250 300 350 400 450 500
Rotational speed of the turbine shaft. rev/min

Figure 13. The variation if the torque converter efficiency at np = 1000 rev/min
Degree of transparency

As function of their constructive solution, “the transparency” can have larger or
smaller values, this fact characterizing the Lysholm-Smith type converters.
The degree of transparency is defined as:

(24
TR @7)

DT =

For a more complete analyze of the behavior of the torque converters at different
working regimes, is necessary to know the variation of the transparency degree at different
working regimes.
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Figure 14. The variation of the torque at the shaft of the pump
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Figure 15. The variation of the transparency degree

That why the degree of transparency as function of the working regimes is defined:

iy
DT=¢: i=0; 0L 0,2 7|rmx (28)

S

np X

For the analyzed torque converter, the dependency of the variation of the pump shaft
as the of the variation of the turbine shaft is presented in figure 14. In figure 15 is presented
the variation of the transparency degree.



Manea, A. S., et.al.: Theoretical and Experimental Studies on Torque...
S244 THERMAL SCIENCE: Year 2010, Vol. 14, Suppl., pp. S231-S245

Conclusions

The obtained results allowed to estimate the behavior of a torque converter in the
design process and to evaluate the influence of several parameters on the characteristic
curves, i. e. to anticipate the behavior of this machine.

The presented model can be used in several conditions.

As an example, the characteristics of the fluid proprieties, the behavior of the
machine functioning with two-phases fluid.

In the same time, imposing a time behavior of certain parameters, the behavior of
the machine in time can be anticipated.

The temperature of the oil in the converter has a continuous increase tendency in the
case that the cooling system is out of function, no matter what is the value of the filling
degree. But if the cooling system is coupled, the temperature stabilizes to a certain value.

The variation of the resistant torque induces variations to the inlet rotational speed,
that characteristic of the torque converters of Lysholm-Smith types been called
“transparency’’.
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Nomenclature
b — meridian width, [m]
Cq — flow coefficient, [-] Greek letters
Ct — friction coefficient, [-] o — characteristic angle, [degree]
DT degree of transparency, [-] B characteristic angle, [degree]
g gravitational acceleration, [ms™] y specific weight, [Nm®]
H specific energy, [m] A difference, [-]
hy losses, [m] d local losses coefficient [-],
i rotational speed ratio, [-] n efficiency, [-]
k coefficient, [-] n torque momentum ratio, []
M torque momentum, [Nm] p density, [ka]
n rotational speegl, [rpm] o) angular speed, [rad s]
p pressure, [Nm™] .
Ps sleeping factor of the pump rotor, [-] Indexis
Q flow, [ms™] ‘ shuttered values
Q lost flow, [m®s™] 0 nominal
r radius, [m] 1 inlet
S area, [m?] 2 outlet
S rotational speed slide, [-] 3 outlet
Sq shuttered degree, [-] arb shaft
u transport speed, [ms™] et seal
v speed, [ms™?] h hydraulic
Vi tangential speed in reactors, [ms™] i current contor,
Vy tangential speed in rotors, [ms™] i current contor
X coordinate, [m] m meridian
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p — pump, soc — shock,
R — rotor T — turbine
Re — reactor, t — theoretic
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