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TEST STANDSWITH ENERGY RECOVERY SYSTEM FOR MACHINES AND
HYDRAULIC TRANSMISSIONS

Summary

This paper presents the systems enabling testipgraps, motors and hydraulic transmissions withiméth loss of energy.
The energy required to be produced during the ltest of hydraulic machinery is recovered to a lagggent. In energy
recovery systems a pump and motor with pressunglagg have been used. The stands with hydraubkdr designed for
testing of machinery and transmissions, offer asfimility to perform accurate measurements. The @/teolergy required to
load tested machinery is converted into heat oséhsiands. The new proposed stands, presented patier, do not have

disadvantages occurring in the hitherto known systelt was achieved due to application of self-atdjhle units with

built-in pressure regulators.
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1. Introduction

Therefore, the aim of this paper is to present peov
posals of test stands with energy recovery systsimg

Tests of hydraulic pumps and motors on laboratoryree of the disadvantages occurring in hithertovkmsolu-

stands comprise, inter alia:

- efficiency of pumps and motors,

- durability of pumps and motors,

- operation noise of pumps and motors,
- pulsation of pump delivery rate,

- motion irregularity of low-speed motor,
- pulsation of motor torque.

The efficiency of hydraulic systems is one of thest
important measures describing their properties.

In hydraulic systems very high power outputs carrans-
ferred, so even a small percentage increase im #igi
ciency brings significant economic benefits.

Efficiency and durability tests of hydraulic macés are
particularly labor-intensive. A large labor inputrthg effi-
ciency tests results from a number of operatingipaters.
The efficiency of hydraulic machines (pumps and arejt
is a function of the following operating parameters

n=np o ue), 1)

where:

p - pressure,

- angular speed,

u - dynamic viscosity of the working liquid,

¢ - setting of pump or motor (for variable displa@h
pump or motor).

The stands designed to test hydraulic machinesbean

divided into two types:
- test stands with a brake,
— test stands with energy recovery system.

In most hydraulic laboratories a hydraulic brakeised.
The hydraulic energy on such test stands, requivddad
the pump or motor being tested, is converted imskby
into heat. Long-term testing of high performanceraylic
machines, on test stands with hydraulic brake, lteso
significant loss of energy.

The test stands with energy recovery system, tieie
considerable energy yield, are rarely used becafighe
adjustment problems and disturbances appearingglop-
eration.
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tions.
2. Test standswith hydraulic brake

The schematic diagram of a stand designed tgtest

tive displacement pump with hydraulic brake hasnbee

shown in Fig. 1. The principle of operation corsist the
fact that the motor (1) transfers mechanical endogthe
shaft of tested pump (2). The pump is loaded withrfow
valve (3), which maintains a constant pressure evahat
can be read from the pressure gauge (4). The \«ltee
flow rate is indicated by the flow meter (5). Meolal
power at the pump shaft is calculated from the irepdf
torque gauge and rev-counter (7).

Pump efficiencyz is described by the formula:

ell-f',jtd',jJ
where:
@5 - pump flow rate,
Py- pressure at the pump outlet,
M- pump shaft torque,
@, - pump angular speed.

In order to determine the effect of working liquits-
cosity on the pump efficiency, the laboratory stamast be
equipped with liquid temperature control systeme Tiuid
viscosity is determined mostly in an indirect wayrheas-
uring the temperature by means of the thermoméjer (
In order to determine the effect of angular (riotl)

speed on the efficiency of the pump, the changsator
rotational speed must be possible.

(2)

e

During the liquid flow through the overflow valvhy-
draulic energy in the system shown in Fig.1 is ested
into thermal energy that is irreversibly lost. Tpmlonged
testing of high performance pumps generate largaggn
losses, therefore it is necessary to install theamler (8) in
the system.
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Fig. 1. The stand with hydraulic brake for pumpites 1 — drive motor; 2 — tested pump; 3 — ovexflealve; 4 — pressure
gauge; 5 — flow meter; 6 — thermometer; 7 — torgaage and rev-counter; 8 — oil cooler
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Fig. 2. The stand with hydraulic brake for testiofjmotor and hydrostatic transmission: 1 — drivetonp2 — pump;
3 — tested motor; 4 — brake pump; 5 — overflow &#ab/— safety valve; 7 — flow meter; 8, 9 — pressgauges; 10 — ther-
mometer; 11, 12 — torque gauges and rev-counteds: &il cooler

The schematic diagram of the stand with hydraulic

brake for testing of motor and hydrostatic transiois is
shown in Fig. 2. The drive motor (1) transfers thechani-
cal energy to the shaft of a pump (2), which swgsplihe
motor (3) being tested. A hydraulic brake conststof a
pump (4) and overflow valve (5) is used to load tissted
motor. In this system, the energy required to lthedtested
motor is also converted into heat.

Motor efficiencyt; is described by the formula:

MS' wﬂ'
M=

) (3)

where:

M - torque on the motor shaft measured with torcuegg
(11),
i_- motor angular speed measured with rev-countéy; (11

(.- motor absorption capacity measured with flow mete

(),

P: - motor inlet pressure measured with pressure eyé8ig

On the stand shown in Fig. 2 hydrostatic transiomss
can also be tested. In such case, the elemenke dfydro-
static transmission are pump (2) and motor (3)n3inas-
sion efficiencyn is determined based on the equation:
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MS' wﬂ'

(4)

- Il
My w,

where:

M _w_ - torque and angular speed of the motor shaftsmea
ured with torque gauge and rev-counter (11),

M?, tu,,- torque and angular speed of the pump shaft, meas-
ured with torque gauge and rev-counter (12).

3. TEST standswith energy recovery system

Laboratory stands enabling energy recovery duiestr
ing are presented in research works [1, 2].

In those systems, pump and motor shafts are yigidl
coupled. The pump supplies the motor that transfarsh
of the energy back to the pump shaft. The driveomat-
justs the rotational speed of both machines andpt®m
ments the energy losses in the system.

Due to the volumetric losses in pump and motompu
delivery rate must be slightly larger than the apson ca-
pacity of the motor. The pressure in such a systeset by
adjusting the pump delivery rate with the simultaune set-
ting of excess delivery rate of a pump in relatiorabsorp-
tion capacity of a motor. Such a pressure settiethod is
imprecise and can result in an excessive pressgredse
within the system. During the tests there occursrgavor-
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able pressure pulsation resulting from the changeeliv-
ery rate of a pump and absorption capacity of aomas a
function of the rotation angle of those machinesfiduil-
ties associated with the pressure setting and apgeaul-
sation make it difficult to use the described sywtan test-
ing procedures, where accurate measurements argeeq
These systems are used mainly in endurance tedty-of
draulic machines.

In a further part of the study there will be prasel new
test stand proposals (Fig. 3-5) with the energgpvery sys-
tem, free from disadvantages of the existing sohgi It
was achieved due to application of self-adjustingsu[3,
4]. A motor with pressure regulator has been usethé
systems shown in Fig. 3 and Fig. 5, while a pumgh wi
pressure regulator is used in the system showigirdF

The schematic diagram of the stand for testinghef
pump with energy recovery system was shown in Big.
The motor (1) transfers the mechanical energy ¢osthaft
of the pump (2) being tested. The pump suppliepezial
design hydraulic motor (3) equipped with a pressageila-
tor. The pressure regulator built into the motojusis the
motor absorption capacity to the pump delivery .rdtee
value of pressure that loads the tested pump isstet] by
an appropriate pressure regulator setting. Thedwidrmo-

tor transfers mechanical energy back to the shafthe
tested pump via a rigid mechanical transmission {4e
safety valve (5), protecting the system againssqne in-
crease above the limit value for a given type ahpuand
motor, opens at the time of failure.

A stand for motor testing was shown in Fig. 4. The
tested motor (4) is supplied by a group of two afale dis-
placement pumps. The flow from the pump (2) withhteir
delivery rate covers a significant part of motosadption
capacity. The pump (3) with lower delivery rate qdea
ments liquid stream supplied to the motor. The pyorgs-
sure regulator adjusts the delivery rate of the pumab-
sorption capacity of the motor. The pressure valueuid
stream supplying the tested motor is adjusted bgoro-
priate pressure regulator setting. Hydraulic mdtansfers
mechanical energy back to the pump shaft via al nige-
chanical transmission (6).

A stand for testing of hydrostatic transmissionswa
shown in Fig. 5. The tested transmission consisésgump
(2) and motor (3). Energy recovery system is cosguatiof
a pump (4) and motor (5) with pressure regulatar.tls
stand other transmissions may also be testedhgdgody-
namic and mechanical ones.
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Fig. 3. Stand with energy recovery system for ptesping: 1 —

—b
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drive motor; 2 — tested pump; 3 — matith pressure regu-

lator; 4 — transmission; 5 — safety valve; 6 — m@® gauge; 7 — flow meter; 8 — thermometer; 9rque gauge and rev-

counter
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Fig. 4. Stand with energy recovery system for mtasting: 1 — drive motor; 2 — pump; 3 — motor wittessure regulator;
4 — tested motor; 5 — safety valve; 6 — transmigssib— pressure gauge; 8 — flow meter; 9 — thermemeO — torque

gauge and rev-counter
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Fig. 5. Stand with energy recovery system for tnaision testing: 1 — drive motor; 2 — transmisspump; 3 — transmis-

sion motor; 4 — pump; 5 — motor with pressure regod; 6 —
11 — thermometer; 12, 13 — torque gauges and renvess

Energy efficiency of the stands with energy recgve
system will be presented on an example of the pigsiing
stand (Fig. 3).

TorqueM,, on the shaft before the pump (2) is equal to:

r

M, =M, + M, 2 (5)
where:

M., - torque of drive motor (1),

M . - torque of hydraulic motor (4),

14 - efficiency of mechanical transmission (6),

I - mechanical transmission ratio (6).

Energy efficiency of the analyzed system can peere
sented by the ratiMan?,. After substituting formulas (2)

and (3) to the equation (5) and subsequent tramsfioon,
we obtained:

M,
M—p =1—1,N.NNa:

(6)

where:

M, - pump efficiency,

1. - hydraulic motor efficiency,

1; - efficiency of hydraulic system,

14 - efficiency of mechanical transmission.

The efficiency of a properly designed hydraulistsyn
can reach a value @f; = 0,93, The most efficient are pis-
ton pumps and motors, i, =T, = 0,9. If we assume
the efficiency of mechanical transmissitja = 1, then the
torque ratio Mn;’Mp = 0,23. Hence, the system pre-
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transmission; 7, 8 — safety valves; 9, -1fressure gauges;

sented in this paper, shown in Fig.3 allows to vecaip to
about 77% of energy.

4. Summary

The stands for testing of machinery and transioissi
with hydraulic brake offer the possibility of perfoing ac-
curate measurements. The whole energy requiredad |
tested machinery is converted into heat on thoaadst
Long-term tests of high performance hydraulic maehi
performed on such stands involve significant enéogges.
In order to reduce energy losses, there are usedtédmds
allowing the recovery of a considerable portioneagrgy.
In these systems, the pump and motor shaft alyigou-
pled; pump supplies the motor that transfers mucthe
energy back to the pump shatft.

In the paper there were presented the schemadic di
grams of systems for testing of pumps, motors amttau-
lic transmissions with a new concept of systemsvedng
energy during testing. The new stand proposalsoddave
disadvantages of the existing solutions. It waseastd due
to application of self-adjustable units with buiitpressure
regulators.
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