PERIODICA POLYTECHNICA SER. MECH. ENG. VOL. 10, NO. 1, PP. 58-58 (1996)

STIFFNESS OF THROTTLED HYDROSTATIC
TRANSMISSIONS

Endre Szgp

Institute of Machine Design
Technical University of Budapest
H-1521 Budapest, Hungary

Received: March 31, 1995

y power transmission, up to a reasonable output limit, throttled hydrostatic
transmissions are prefer red Although transmission can be changed here only at sig
losses, they are like lx to be ecom,mrd ecause of simple construction.

Relying on the derivative charactrristic of the transmission stiffness, analysis of
load-dependent behaviour of various throttled hyvdrostatic drives is presented.
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Introduction

Poor efficiencies, resulting higher operational costs of hydrostatic transmis-
sions to be altered b lossy procedures, are compensated by lower invest-
ment costs due to simple constructions. As it is seen from the practice,
these systems are economical up to an output 1 kW (e.g. for dl‘i"ilif in-
dustrial robots). This is why it is of importance to see how these drives be-
have under various charge conditions, how they react load changes. These
questions will be answered by stiffness examinations.

2. Theoretical Built-up of Throttled Hydrostatic Transmission

Lossy transmission changes rely on volume flow control by throttling.

As to the essentials of functioning, a system of variable transmission
consists of a pump of constant displacement V, and constant rotary speed
np and a motor of constant displacement V;,, under a moment i connected
to an open circult (Fig. 7). For a constant pump volume flow g¢p, volume
flow ¢m of the motor in the circuit. and thereby the motor’s rotary speed
Nm. that is, rotary speed ratio iy = nm,/np in the system, are controlled by
means of adjustable throttle R;. while the excess volume flow ¢, — gm is
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advisable to be returned to the reservoir across the adjustable throttle Ry in
the branch parallel to the energy transformers as volume flow ¢, = gp ~ gm.
Since the primary function of throttle R; is to modify volume flow g, of the
motor, main function of throttle R, is to keep the total pressure difference
App = Ap, of the system at a preferably constant value, while, of course,
throttles R; and R, interact. In the given hydraulic network, under the
described flow conditions, pressure difference and volume flow conditions
are seen in the diagram exist.
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Fig. 1. Principle of transmission control by throitling

In practice, there are two basic arvangements for transmission control by
throtiling: in series (Fig. 2) and in parallel (Fig. 3). These attributes in-
dicate the arrangement of throttle R i relation to the motor, depending
on the flow conditions. Circuit models seen in the figures have been estab-

lished taking into consideration that in sub'suiuem analyses, pumps and
moters with volume losses will be involved. furthermore. that in practice.
relief valves, rather than throttles R,, are applied.

Remind that two alternatives of series arrangement are in use. Down-
streams, for one, throttle R; precedes (meter-in), for the other it follows
(meter-out) the motor. Since equations and characteristics describing the
system’s function are both the same control systewms, in the following. se-
ries arrangement will be illustrated on meter-in.

Characteristics Ap = f(g) of the functioning of circuits according to
Figs. 2 and 3 are illustrated in Figs. 4 and J, respectively. In plotting the
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Fig. 2. Circuit model of series transmission centrol (gs — gm = gr)

Fig. 3. Circuit model of parallel transmission control (gp — qm = qr + 1)

characteristics, the part of circuit comprising the pump with volumetric loss
and the relief valve, has been considered as power source, while the part
of circuit comprising the motor with volumetric loss, and its flow control
valve as power consumer.
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Fig. 4. Characteristic Ap = f{g) of series transmission control
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3. Stiffness of Throttled Hydrostatic Transmissions

Transmission stiffness S, can be described in general by the derivative
CEL (1)
In,
For computing the stiffness, relationship
Qinzf(—'/—m) (2)

for the examined drive type has to be determined. For its determination,
relationship

Umo
Ny = (3)

v
ki1

may be started from, where, making use of circuit models (Figs. £ and 3),
and of characteristics (Figs. 4 and §), for the sake of effectiveness, volume
flow gmo has to be replaced by its value, expressed conveniently comprising
also moment Tp,.

Let us apply those above to determine stiffnesses of throttled trans-
missions in series, and in parallel.
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Fig. 5. Characteristic Ap = f(q) of parallel transmission control
3.1 Stiffness of Throtiled Transmissions in Series
In transforming Eq. (3), the following have been reckoned with:
dmo = qm — Jmuv, (4)
Im = Gt (5)
[ Ap:
gt = R’ (6)
Apt = Apr — Apm, (7)
Apm'
= 8
dmov Rmo (8)
27T, ‘
Apm = 227 (9)

Vim




64 E. SZEP

Making use of Egs. (3) and (4) to (9):

(10)

Nm =

1 /Aper — 21T 20T\
Vo \ | RiVim RmoVim )

Substituting Rmy = oo (taking gm, = 0 into consideration) yields the rpm
Nmo Of loss-free system:

1 App Vi ~ 271 .
fimo = Vrm\/i RtV'm (11)

Taking (1) into consideration, respective stiffnessess for cases with, and
without losses may be expressed as:

1 1
Sp=—- : . (12)
7l— + - i
VRVEEp Vo —2nTay Vi
1 - = o \
Sno =~ - By Vrr31 YV /—\pr Vin — 205, (13)

For given pr, Vin, R and Ry, values, Fgs. (10), (11), (12) and (13) yield
the quality pattern according to Fig. 6.

3.2 Stiffness of Throitled Transmissions in Parallel

In transforming Fg. (3), in addition to (8) and (9), still

grno = Gpo — (Q’pt + @ -+ gi + gmy) (14)

dpv = =P R (13)
ey va ;

-ﬁpm — Ape
ar = = (16)
i

) /APm -

g =4/ (17)
R

have been reckoned with.

For parallelly throttled transmissions, proper use of the system does
not require to have working point 37 in the section of the power source
characteristic defined by the relief valve, but — thanks to the parallel ar-
rangement — it may also be in the section defined by the pump. In this
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Fig. 6. Characteristics ny = f(Tm ), Sn = f(Tin) of series transmission control

case, the relief valve is closed, i.e. ¢r = 0. hence the volume flow needless

for the motor is returned into the reservoir as volume flow ¢;. Accordingly,

in analyses, cases Apm > Ape and Apn, < Ap. are advisably distinguished.
For the case Apm > Ape:

on .’ﬁ.pc Q/TTT” 27I_Trn < 1 1 1 ) )
Nm = o — — — ——— | = ] + . 18
mEv R VRE T 2 \E TR TR (18)
Replacing Rpy = oo and Ry = oo (taking ¢pe = 0 and g¢m» = 0 into
consideration), for a case without losses:
A 27T, 27T,
Ny = P04 P [Zhom  ZTem (19)

KV VRVE &2

‘/;n
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Taking (1) into consideration, for cases with, and without losses, respec-
tively:

1 1
Sn=—— 1 . — (20)
\/Rz'v;g\/“‘zﬁm n-i \&r T R,m)
1 1
Sno = =1 : (21)
\/R:V3 + Arvz

For the case Apm < Ape:

dpo 27T 27Tm ( 1 1 ) .
S Y S - . 2
fim Vm Ri Vr?z X/;-,% Rpu + Rm v ( 2 )

Substituting Rpy = oo and Rmy = oo (taking ¢pe = 0 and gmy = 0 into
consideration), for a loss-free case:

—q.p.g _ /'ZTTTnl
\,/ RV

(23)

Nmo =

Taking (1) into consideration, for a lossy, and loss-free case, respectively:

(24)

5]
]
il
|
\] | b

\/ R;‘/ /2 S

For given Gpo, L&D, Vi, Ky, Ri, Bpy and Ry values, Egs. (18) to (25)
yield the quality patiern in Feg. 7.

4. Conclusions

Making use of relationships nm = f(Tm), me = f(Tm), Sn = f(Tm) and
Sno = f(Tm) deduced for the tested series and parallel transmissions, in
knowledge of circuit parameters, quantitative analyses may be performed.
Characteristics in Figs. 6 and 7 are of help in the qualitative analysis
of load-dependent behaviour of given types of transmissions, permitting
to deduce conclusions of general validity, in view of the practical goal to
increase the drive stiffness.
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Fig. 7. Characteristics nan = (T ), S = f(Tw) of parallel transmission control

For control valves in series with the motor (Fig. 6), obviously, the
absolute value of stiffness |S,| is reduced with increasing load T}, (for T3, =
Trmimax, |Sn] = 0). so these systems are preferably applied in lower load
ranges.
The opposite is true for parallel transmissions (Fig. 7). The absolute
stiffness value |S,| is seen to decrease alongside the load T (for T = 0,
1Sn| = 0), so these systems are conveniently applied in higher load ranges.
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Notations

1; rotary speed ratio
K, relief valve constant
M working point
nm motor rpm
ng pump rpm
Apc pressure drop at the corner of the power source characteristic
Apm pressure drop on the motor
App pressure increase on the pump
Apr pressure drop on the pressure control throttle or on the relief valve
Ap; pressure drop on the volume flow control throttle
gm metered volume flow of the motor
gmo theoretical volume flow of the motor
gmy volumetric loss of the motor
gp metered volume flow of the pump
gpo theoretical volume flow of the pump
gpv volumetric loss of the pump
gr volume flow of the relief valve
7+ volume flow of the flow control throttle
Ry resistance to volumetric loss of the motor
Ry, resistance to volumetric loss of the pump
R, resistance of the pressure control throttle
R; resistance of the volume flow control throtile
T moment on the motor
Vm motor displacement
V» pump displacement.
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