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Energy-saving 
structures 

of hydrostatic 
drives for ship 
deck machines

This p a p e r  p resen ts  a  com parison o f  the  
en e rg y  b eh av io u r o f  two w idespread  structu
res (o f L o a d  S ensing  a n d  A d ap tive  S e c o n d a 
ry Control) o f  the cen tral feed ing  system s o f  
hydraulic  m otors in the case o f supplying oil 
to one motor. The research  was m ad e  possi
ble due to e laboration  o f the com pu ter s im u
lation m eth o d  o f  en e rg y  effic iency o f  hydro
static transm issions.

Both system  solutions a re  shortly descri
b e d  to g eth er with presenta tion  o f equations  
o f the tota l e ffic iency q o f the system , graphs  
o f changes  o f  the sp e ed  coeffic ient coAI and  
charg e coeffic ient M  M o f  the motor.

Finally, results a n d  ana lyses  o f  com puter  
sim ulations o f  effic iency o f  the system s are  
also described.

INTRODUCTION
Development of the hydrostatic drive for ship deck machines 

and machines used in other industries is connected with the search 
for energy-efficient solutions, e.g. central systems with parallel situ
ated motors.

The possibility of the simultaneous supply of many receivers by 
one delivery pump is connected with the assumption that a central 
system should more effectively economize the energy wasted in the 
assembly of the motor speed throttle control.

One solution is a central system with throttle control, supplied 
by a variable delivery pump with a variable pressure regulator [1,2], 
called Load Sensing system. In the system, energy loss minimization 
in the throttle control assembly is effected by-decreasing the pressure 
drop within the assembly as a result of adapting the pump pressure to 
the pressure demanded by the currently most charged receiver.

The system with the Adaptive Secondary Control [3,4] applied 
in the industry by the firm Rexroth as an energy-saving system is still 
an interesting idea from the cognitive point of view. The analysed 
energy savings occurred as a consequence of applying the hydraulic 
motor control structure. The structure eliminates the throttle control 
unit being the source of losses, and at the same time introduces the 
variable capacity motor and work at the maximum constant pressure.

The above-mentioned solutions were possible to be compared 
due to elaboration and improvement of the computer simulation me
thods of energy efficiency of hydraulic systems, presented in [5,6],

LOAD SENSING SYSTEM 
WORKING WITH ONE MOTOR 

FED THROUGH A TWO-WAY FLOW 
CONTROLLER

This system is equivalent to the central system considered in the 
case of one-motor feeding, shown in Fig. 1.

In the system in question the pressure pP2 of a supply pump is 
continuously adapted to the working pressure demanded by the most 
charged motor. The pressure pP2 is stabilized at a little higher level 
than the pressure p2 prevalent in the central pipe of the control. Non- 
-retum valves act as pressure selectors with the effect that the tempo
rary pressure p2 required by the most charged motor, occurs in the 
pipe of the control.

The system shown in Fig. 1 works with one-motor feeding. The 
throttle control unit serves as a two-way flow controller. Characteris
tics of the system elements are presented in Tab. 1.

The pressure difference (])P2- p 2) defined by the force R of the 
pump spring, should guarantee the minimum pressure drop ApEEmin 
still corresponding with the proper work of the flow controller. This 
is the case of the largest pressure drop A/>c ,max in the supply conduit 
of the pump. Therefore the state in which the condition4u(1 <4Pcimax 
is satisfied demands an increase of the pressure drop ApEE in the throttle 
assembly (flow controller):

APCI <~ A/Vlmax ^  Ap EE > A P E E m i n  U)

In this case the flow in the central conduit is lower than the 
maximum flow or the oil viscosity is lower than the value v assumed 
for the calculation of Apc imax

The value of the minimum pressure drop ApEEmin in the throttle 
assembly, which still guarantees the correct functioning of the flow 
regulator, is proportional to the nominal pressure p n of the system :

^PEEmin  ~  ^10 Pn  G )
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Fig. 1. Central system with a variable delivery pump and Load Sensing controller

b) Relationship between the motor charge coefficient M M , its speed coefficient (i)M and total efficiency 7] o f the system

Tab.l. Characteristics o f the system elements

Pump Hydraulic motor Conduits

k, = 0.04 
k2 = 0.03 
k, = 0.02 
k4.i = 0.05 
kj.2 = 0.02

k7.i = 0.05 
k7.2 = 0.02 
ks = 0.02 
k9 = 0.04

k5 = 0.01
k6.i = 0.01 
kfi.2 = 0.02

Flow control valve Viscosity
km= 0.03

uncnII>

It may be assumed that the value of the maximum pressure drop 
Apcimax in the conduit between the pump and the motor flow control
ler can be expressed as follows :

AP a m, * = k <,Pn (3)

The value of the pressure p n  in the supply pipe of the pump 
should be regulated to the following level :

PP2= P 2 + (k 5 + k w)Pn (4)

The global efficiency r\ of the system is expressed by the fol
lowing equations in compliance with [7,8,9] :

O when A2 = 0 :

jj _  PMu _  IQ*! Z M ^ T J  + 0 + ^ 7

Pp, k 4.1 3 “  [ ( 1  k A.l)Pp2  3 "  k ?Q\l ]  (Q m ^~k \ Pr l )
(5)
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Z> when k2 *  0 : SYSTEM WITH
ADAPTIVE SECONDARY CONTROL 

IN ONE-MOTOR FEEDING
p_  1 Mu _ ( X - k , p P2)Y

{ * 4 . 1  +[U + ^ 4 . 2 ) / ; /> 2  +  * 3 Qm ]X }Q,
= -  ( 6)

in which :

X =
1

2k2 Ppz
J ___ I

2k2 pP2 j
J __ \

k 2 Pi>2
Qs

y ~ { q m +(i +̂ '7.2)^a / ]}

where the relative value of the pump supplying pressure /I,,, is deter
mined by the relationship :

Pp2 n  ~ * 7 . 1  ^  * 5  *10 * « 2 mrn

(7)

In order to present 17 as a function of the coeffieicnts aJM and 
Mm , the coefficiently should be replaced by the following expres
sion :

Q m  ~ a>M +  kt> [ * 7 1  + ( l  +  ^ 7 2 ) ^ M  ] W

In the case of supplying one motor the upper limit aJM lllax (of the 
range : 0 < cou < <k)u ) corresponds with the maximum flowOMl]m 
equal to the pump delivery and is calculated as follows :

Q p m i \x  Q p
P
^ M * l+ * 2)Jrn

— Q p ,  {l — (*| +  C  )[^7.1 +  (l +  £7.2 ) ^ M  +  (9)

+  *5 + kH,+ k f)QMms2X + ^ x Q m  m a x  ]  1

The flow coefficient QUma is expressed in this case as a func
tion of Mu :

The system of central feeding the parallel working receivers, 
shown in Fig.2, is equipped with the variable delivery pump having 
a pressure regulator and accumulator which makes it possible to ac
cumulate energy while using the hydraulic motor as a pump.

The system comprises motors of the geometric capacity qMt,v 
which is automatically adapted to the pressure existing in the supply
ing conduit as well as to the actual driving momentMm. The speed 
of the motor and its rotation sense are controlled by a self-contained 
assembly.

In result, in the central supplying conduit as well as in the con
duit branches directed to particular motors, the constant maximum 
working pressure will be observed equal to the nominal pressure in 
the supplying conduit of the pump.

Description of the total efficiency 77 of the system takes the fol
lowing forms (acc. to [10]) :

O where h2 = 0 :

1[■- (*5 *6 )Qm kHQM j

*4.1 + 1[\ + k42 + k3QM ) (Qm + * l )

(*5 +  *6 )Qm j |  x (14)

X ________

* 7 . 1  0  * 7 . 2  M

O where k2 *  0 :

ri_ ( Z - k t) [ \ - ( k ,  + kG)Q„-k»Q;,]

£4.1 +  (l +  £4.2+  * s2 m ) Z

x Qm ~ *9 [ 1 ~  (*s +  K  )Q\1 ~  KQm J

Q m  m a x  ~  ^ ( * 1  * 2  ) [ * 7 . 1  0  * 7 . 2  ) ^ M

+  *5 + ku) + khQM raax +  kKQM max ]
( 10)

M ,

* 7 . 1  0  * 7 . 2  ) ^ A :

The motor speed coefficient coMlllax is the function of Qulim in 
accordance with the following relationship :

® M  m a x  —  Q m  m a x  —  * 9  [ * 7 . 1  +  0  +  * 7 . 2  )  ^ M  ]  (  '  * )

Wlten pP2 = p„, i.e. p,,2 = 1, the upper limit M Uma (of the 
range : 0 < M M < M ) can be described by the equation :

M , 1 -  (*7 , +  * s +  * l(l +  k6QM +  k^Q- ) 

1 +  k12 ( 12)

where :

z  =
2 k2

V

2k-,
V - J

*,
*, —

In order to express characteristics of the total transmission effi
ciency 17 as a function of the speed coefficient nJA( and the load coef
ficient Mm for the controlled motor, the relationship between the flow 
coefficient QM and the coefficients a>() and M„ should be determined 
at first. The relationship in question takes the following form (acc. to 
[10]):

On substitution of the flow coefficient Q in (12) by the for
mula :

Q m — WM +  *9 [*7 | +  (l +  ^7.2 ) ^ M  max ] * *

one can find M „ mix as a function of the motor speed coefficient wKI .

Q  _  ® M  [ ^ 7.1 ^ 1 2  M ]

A' \ - { k s + k 6)Q M -k ,Q M  

+  k,,[ 1 - (k5 + k 6)Q M - k,2QM~]
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Fig. 2. Central system with Adaptive Secondary Control

1. variable capacity hydraulic pump/motor unit 
with a constant pressure controller
and with two directions of tlow

2. variable capacity hydraulic motor/pump unit 
with an Adaptive Secondary Control
and with two directions of tlow

3. accumulator
4. double acting cylinder
5. throttling directional control valve
6. fixed capacity pump/motor unit 

with two directions of tlow
7. reservoir

d )  Schematic diagram o f the system

b) Relationship between the motor charge coefficient M M , its speed coefficient (0M and total efficiency T] o f the system

Tab. 2. Characteristics o f the system elements

Pump Hydraulic motor Conduits

k, = 0.04 
k2 = 0.03 
k, = 0.02 
k4.i = 0.05 
k4.2 = 0.02

k7.i = 0.05 
k7.i = 0.02 
k8 = 0.02 
kij = 0.04

k5 = 0.01 
k6.i = 0.01 
k6.2 = 0.02

Viscosity
v = 35

The system shown in Fig.2 works with one-motor feeding. Cha
racteristics of the system elements are presented in Tab.2.

Due to possible changing the geometrical working capacity qM„v, 
the motor can achieve - at the lower load Mm - the speed <% (nM) 
higher than the nominal speed (0Mn (nMn). Thus in this case the speed 
coefficient coM can exceed the value 1.

When the load coefficient Mm is given, the upper limit coMnvM 
(of the range: 0 < cuM< aJM max) is limited by the maximum pump 
delivery, i.e. the maximum value of the flow coefficient QM nm .

When = 1, the flow QM max = <2/»max is defined by the equa
tion : "

Q m  max =  2 / Jmax =  0  “  “  ^2 )Q p t  ( ^ )

therefore :

QMm „  = ( i - * . ) 0 - * 2) (18)
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The knowledge of Qm m* makes it possible to express coMlmx in 
function of Mm according to the equation transformed from equation 
(16) with QMnm replaced by (18) :

zrr _  Q m  max ~ ^9  [j f e  ^ 6  ) Q m  max ~  ^ » Q m  mux]
UJM max ,  , ,  \ r t  X

A7.1 \ 7̂.2 m

X [  1 -  ( * 5 +  K ) Q m  max ~  K  Q\1  max] =

(19)
( l-A ,)( l -A 2) -A 9 x 

A7.1 +0  +^7.2)^^

x [l -  (A5 +  Afi)(l - A , ) ( l - -  * 2 ) - * „  (1 -  A, )2 (1 -  k 2 f  ]2

The upper limit MMma (of the range: 0 <Mm < M „lrax) given 
when qMgv = qMt, is equal to that of the individual system with volu
metric control by the variable delivery pump. In this case the relation
ship between MUma and QM , given when AV2 = ] , is represented by 
the equation (acc. to [10]):

Table 4

E n e r g y  lo s s  c o e ff ic ie n t E n e r g y  lo s s  ty p e C o n d it io n

k7.i = 0.05 mechanical losses Mm = 0

k7.2 = 0.02 increase
of mechanical losses

Mm increases 
from 0 to Mm„

k* = 0.02 pressure losses o II o

k, = 0.04 volumetric losses ApM1 = p„

4. The conduits of the pressure loss coefficients determined at the 
viscosity v„ and presented in Tab. 5 below :

Table 5

E n e r g y  lo s s  c o e ff ic ie n t E n e r g y  lo s s  ty p e C o n d it io n

k, = 0.01
p re s s u re  lo s se s Q  =  Q r,k„,i = 0.01

k„,2 = 0.02

5. The throttle control assembly of the motor speed in Load Sen
sing system, i.e. two-way flow controller of the coefficient 
A'id = 0.03 of the minimal pressure drop ApEEmm, which guaran
tees its proper work.

M u
1-Ax (A's +  Ay,) Qm ~ K Q m

1 -f k j  2 (20)

6. L-HM 46 hydraulic oil (acc. to PN-C-96057-5 standard, 1994) 
is assumed to be applied in the system, of the viscosity v changing 
along with the change of the temperature t3 as follows (Tab.6) :

Mm lim can be presented in function of coM after replacement of Qu 
in (20) by the following expression :

Qm _  ®m A9 [A7 , +  (l +  A7 2 max ] (2 1 )

which is valid only if qMgv = qMl

CHARACTERISTICS 
OF THE SYSTEM ELEMENTS 

AND INPUT DATA 
USED IN THE EXEMPLARY 

CALCULATIONS
The examplary elements used in the compared systems arc of 

the average characteristics of energy losses and work characteristics, 
namely :

1. The axial piston pump with swash plate, of the energy loss coef
ficients determined at the viscosity v„ and presented in Tab.3 
below :

Table 3

E n e r g y  lo ss  c o e ff ic ie n t E n e r g y  lo s s  ty p e C o n d it io n

k, = 0.04 v o lu m e tr ic  lo sses A pr, =  P„

k , =  0 .0 2 p re s s u re  lo s se s Q  =  Q r,

k4, = 0.05 m e c h a n ic a l lo s se s Ap,,, = 0

k j.i = 0 .0 2
in c re a s e  o f  m e c h a n ic a l 

lo s se s
A p w in c re a se s  

fro m  0  to  p n

2. The electric motor which drives the pump, of the speed drop 
coefficient k2 = 0.03 at 50 kW nominal motor power.

3. The axial piston hydraulic motor with swash plate, of the ener
gy loss coefficients determined at the viscosity v„ and presented 
in Tab.4 below :

Table 6

V is c o s ity  v a lu e A t t e m p e r a tu r e C o m m e n ts

v = 3 0 0  mmV 0 =  I0 °C

v = 100 mm V O =  2 4 °C

v  =  3 5  m m V >7 = 4 6 °C

v = 10 mmV1 O = 8 0 °C

V min = 10 m m 2s-1 admissible minimum viscosity
v nux = 3 0 0  mmV1 admissible maximum viscosity

vn = 3 5  mmV1 value proposed by producers

7. The energy behaviour of the system was also determined at higher 
values of the coefficients A:, and k9 equal to 0.07 and 0.10, respec
tively, in order to make it possible to estimate the influence of volu
metric losses in the pump and hydraulic motors on the total system 
efficiency.

RESULTS
OF THE RESEARCH

Computer simulation results of the two analyzed systems: Load 
Sensing (LS) and that with Adaptive Secondary Control (ASC) are 
exemplified in Fig. 1 and 2 as well as Tab.7 to 13. In the figures and 
tables the energy efficiency t] of the analyzed systems is compared in 
the form of the function t) = f  (ku Lh v, wt l , Mu ).

Tab.7. kj = 0.04 k , = 0.04 v„ = 35mnPs-'

0.89 0.89 0.50 0.50 0.10 0.10

0.85 0.87 0.50 0.10 0.50 0.10

n < l s ) 0.72 (Umax) 0.62 0.30 0.35 0.14

>1 (ASC) 0.74 (!)„»,) 0.59 0.24 0.26 0.08

Tab. 8. k, = 0.04 k9 = 0.04 vmi„ = 10 mm2s-1

0.83 0.83 0.50 0.50 0.10 0.10

0.88 0.90 0.50 0.10 0.50 0.10

U ( LS) 0.69 ( !),„„) 0.61 0.32 0.31 0.14

X) (ASC) 0.71 (Umax) 0.51 0.18 0.20 0.05
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Tab.9. k, = 0.04 k , = 0.04 v= 100 minis '

©„ 0.72 0.67 0.50 0.50 0.10 0.10

al; 0.80 0.84 0.50 0.10 0.50 0.10

n (L S) 0.69 (TW) 0.61 0.27 0.38 0.14

n (ASC) 0.72 (Umax) 0.63 0.29 0.32 0.09

Tab. 10. k, = 0.04 k9 = 0.04 1W = 3 A 0 mm 2s-1

©A, 0.40 0.38 0.50 0.50 0.10 0.10

Mm 0.71 0.80 0.50 0.10 0.50 0.10

n ( l s ) 0.59 (Umax) 0.52 0.20 0.37 0.12

u (Asc) 0.65 (Umax) 0.63 0.31 0.36 0.10

Tab.l 1. k, = 0.07 k , = 0.07 V„ = 35 minis ’

©A, 0.84 0.84 0.50 0.50 0.10 0.10

Mm 0.85 0.88 0.50 0.10 0.50 0.10

T| ( LS) 0.68 (U,,™) 0.59 0.30 0.31 0.13

U (ASC) 0.70 ( r u J 0.52 0.19 0.20 0.05

Tab. 12. kt = 0.10 k9 -  0.10 V„ = 35 mm2s-t

©AJ 0.78 0.78 0.50 0.50 0.10 0.10

Ms, 0.85 0.88 0.50 0.10 0.50 0.10

n (L S ) 0.63 (Umax) 0.56 0.30 0.27 0.12

u (a s c ) 0.65 (Umax) 0.46 0.15 0.16 0.04

Tab. 13. k, = 0.10 53II V„in = 10 mm2s~l

©A, 0.76 0.60 0.50 0.50 0.10 0.10

Mm 0.51 0.91 0.50 0.10 0.50 0.10

r i(L S ) 0.56 (Umax) 0.50 0.30 0.20 0.12

U (ASC) 0.53 (Umax) 0.35 0.10 0.10 0.02

ANALYSIS OF THE RESULTS
Work of the systems at the recommended viscosity 

V„ = 35 mm2s-' (Tab.7)

3  The maximum efficiency r/max = 0.72 of the LS system is a little 
lower than 77nlax = 0.74 in relation to the ASC system -  as 
a result of the limitation of the maximum value of Mm in the 
LS system, which is the consequence of using the flow control
ler. This assembly demands a minimum pressure drop descri
bed by the coefficient Au) = 0.03._

3  Lowering the coefficient (SM or Mu causes a faster drop of the 
efficiency r\ in the ASC system than in the LS system. In effect, 
the efficiency r\ of the LS system becomes higher than that of 
the ASC system. The relative differenceof these two efficien
cies is higher when values of U)M and Mm are lower.

Work of the systems at the minimum viscosity 
Vmj„ = 10 mm2s-' (Tab. 8)

3  One can observe a decrease (in comparison with work at vn = 35 
mm2s-') in the maximum efficiency of both systems: to r;max = 
= 0.69 of the LS system and rjmax = 0.71 of the ASC system (as 
the result of an increase in volumetric losses of the pump and 
motor).

3  Lowering the ruv/ and Mu causes a faster fall of the efficiency rj 
of the ASC system than that of the LS system. In effect, the 
predominance of the efficiency of the LS system over that of the 
ASC system becomes even higher than in the case of work at 
v„ = 35 mm2s-'.
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Work of the systems at the large viscosity 
V= 100 mm2s-1 (Tab.9)

3  One can observe a decrease (in comparison with work at v„ = 35 
mm2s-') in the maximum efficiency of both systems: to 77max = 
= 0.69 of the LS system and rjmax = 0.72 of the ASC system (as 
the result of higher pressure losses in conduits of the system).

3  Decreasing the WM and Mm causes a slower drop (in compari
son with work at v„ = 35 mirfls-1 and vmil, = 10 mm2s-1) of effi
ciency of the ASC system. In effect, the efficiency of the ASC 
system at aiM = 0.50 is higher than that of the LS system. Inste
ad, at wM =0.10, the efficiency of the ASC system is still lower 
than that of the LS system.

Work of the systems at the maximum viscosity 
Vmax = 300 mm2s-> (Tab. 10)

3  One can observe (in comparison with work at v=  100 mm2s->) 
a further decrease in the maximum efficiency of both systems: 
to Hmax = 0-39 of the LS system and ?7max = 0.65 of the ASC 
system. So the drop of rjIIlax of the LS system is more distinct. 
The reason is a great increase of the pressure losses Apcl (Fig. 1) 
in the conduit between the pump and flow controller, resulting 
from the increase of the viscosity v.

3  Decreasing the 5JJf and Mm causes a slower (in comparison 
with work at Vn = 100 mnfls-1) drop of efficiency 17 of the ASC 
system. In effect, the efficiency of the ASC system, at a>M = 
= 0.50, is higher than that of the LS system. Instead, at WM = 
= 0.10, the efficiency of the ASC system is a little lower than 
that of the LS system.

Work of the systems at the increased value of the volumetric 
loss coefficient A, = 0.07 of the pump and k9 = 0.07 

of the hydraulic motor, at the recommended viscosity 
Vn = 35 mm2s-> (Tab.l 1)

3  One can observe a decrease (in comparison with the case A, = 
= 0.04 and k9 = 0.04) in the maximum efficiency of both sys
tems: to rim.dx = 0.68 of the LS system and t7,nax = 0.70 of the 
ASC system (as a result of the increase of volumetric losses in 
the pump and motor).

3  Decreasing the coM and causes a faster drop of the efficien
cy r\ of the ASC system. In effect, the predominance of the effi
ciency 77 of the LS system over that of the ASC system becomes 
higher than in the case of work of the system with the pump of 
Aq = 0.04 and motor of kg = 0.04.

Work of the systems at the large value of the volumetric 
loss coefficient kx = 0.10 of the pump and k9 = 0.10 

of the hydraulic motor, at the recommended viscosity 
V„ = 35 mm2s-' (Tab. 12)

3  One can observe a further decrease (in comparison with the case 
Ai = 0.07 and A9 = 0.07) of the maximum efficiency of both 
systems: to 77nlax = 0.63 of the LS system and 77max = 0.65 of the 
ASC system (as the result of the further increase of volumetric 
losses in the pump and motor).

3  Decreasing the coM and Mm causes a still faster drop of the ef
ficiency 17 of the ASC system than that of the LS system. In effect, 
the predominance of the efficiency r\ of the LS system over that 
of the ASC system becomes still higher than in the case of work 
of the system with the pump of A, = 0.07 and motor of k9 = 0.07.

Work of the systems at the large value of the volumetric 
loss coefficient Ay = 0.10 of the pump and A9 = 0.10 

of the motor, at the minimum viscosity 
v„ = 10 mm2!-1 (Tab. 13)

3  One can observe the greatest drop of the maximum efficiency of 
both systems : to ?7max = 0.56 of the LS system and still lower 
flmax = 0-52 of the ASC system.

3  Decreasing the (SM and Mu causes the quickest fall of the effi
ciency 77 of the ASC system. In effect, the predominance of the 
efficiency r\ of the LS system over that of the ASC system beco
mes very large.



CONCLUSIONS
By using the method described in [6], the computer simulation 

results of the energy efficiency 17 were compared for two of the most 
widespread energy-saving structures of hydrostatic drive in central 
system : the Load Sensing system (LS) with the throttle control by 
a two-way flow regulator and the system with Adaptive Secondary 
Control. The comparison is made for the case of supplying one hy
draulic motor. In result, the following general conclusions can be of
fered :

□  The energy efficiency of hydraulic systems of various structu
res, but composed of the same pumps and motors working in 
the recommended range of oil viscosity, is similar at conditions 
of the nominal working parameters of the motor.The structure 
of the motor speed control influences the energy efficiency first 
of all in the lower range of values of the speed coefficient (SM and 
load coefficient

□  The r/lmx value of the ASC system is a little higher than that of 
the LS system. This difference is influenced by the value of the 
minimum pressure drop coefficient k,0 = 0.03 of the flow con
troller used in the LS system. At A|() = 0.03 and the range of 
viscosity :10 mm^s-K v < 100 mm2s->, the difference of t7,nax 
values of the hypothetical systems is about 0.02-1-0.03.

□  The basic energy gain resulting from the use of the Load Sen
sing energy-saving system is achieved in the area of lower valu
es of the coefficients 5)M and Mu .

□  The decrease of the efficiency r\ of the LS system in the range of 
the lower motor speed is connected with the value of coefficient 
k5 of the pressure losses in the conduit between the pump and 
flow controller. The coefficient ks must be as low as possible 
and the system must work at the recommended viscosity v„ = 
= 35 m m ^-1.

□  The presented comparison made for the case of supplying one 
hydraulic motor shows that the ASC solution, in result of crea
ting difficult operating conditions of the pump and hydraulic 
motor, is characterized by the energy efficiency lower than that 
of the LS solution with the throttle motor control.

NOMENCLATURE

clc - constant
F - load
k] - coefficient of relative volumetric losses per one shaft revolution of fixed 

capacity pump
k2 - coefficient of relative decrease of pump rotational speed 
k3 - coefficient of relative pressure losses (flow resistance) in internal pump ducts, 

at theoretical pump delivery
k4 | - coefficient of relative mechanical losses in pump, at Appi = 0
k4 2 - coefficient of relative increase of mechanical pump losses, at increase

of pressure in pump cylinder
k5 - coefficient of relative pressure losses (flow resistances) in the line joining 

the pump with throttle control unit, at theoretical pump delivery 
kA | - coefficient of relative pressure losses (flow resistances) in the line joining

the throttle control unit with hydraulic motor, at theoretical pump delivery 
kf, 2 - coefficient of relative pressure losses (flow resistances) in hydraulic motor

outlet line, at theoretical pump delivery 
k7 1 - coefficient of relative mechanical losses in hydraulic motor,

at torque -  0
k7 2 - coefficient of relative increase of mechanical losses in motor,

at increase of torque Msi
kx - coefficient of relative pressure losses (flow resistances) in internal ducts 

of hydraulic motor, at theoretical pump delivery 
k9 - coefficient of relative volumetric losses in hydraulic motor 
k io - coefficient of relative minimum pressure decrease in 2 - way flow control

valve, or coefficient of relative pressure decrease in 3 - way flow control valve 
M - torque
Mm - hydraulic motor shaft torque
Mm - hydraulic motor relative load coefficient
MMll - hydraulic motor shaft nominal torque
Mj. - pump shaft torque
n - rotational speed
nM - hydraulic motor shaft rotational speed
p - relative pressure (overpressure or underpressure)
pn - nominal working pressure of hydrostatic transmission (hydraulic system)
Pi>2 - relative value of the pump supplying pressure 
Ap - change of pressure, flow resistance
P - power
PMu - hydraulic motor shaft power output 
PPc - pump shaft input power

q - cubic capacity
<lMgv '  geometrical variable working cubic capacity of hydraulic motor 
qMt - theoretical working cubic capacity of fixed capacity hydraulic motor 
qj>, - theoretical working cubic capacity of fixed capacity pump 
Q - flow intensity, delivery, absorbing capacity
Qm - hydraulic motor absorbing capacity, intensity of flow to hydraulic motor
Qm - flow coefficient Qm/Q Pi
Qp - pump delivery
Qp, - theoretical pump delivery
R - force
v - linear speed
r\ - energy efficiency
tlMm • hydraulic motor mechanical efficiency
qMp - hydraulic motor pressure efficiency
%iv - hydraulic motor volumetric efficiency
T|Pm - pump mechanical efficiency
r|pp - pump pressure efficiency
Upv - pump volumetric efficiency
r|sl - circuit structural efficiency
d - temperature
k - coefficient of decrease in the total energy efficiency of hydrostatic transmission 

with controllable speed hydraulic motor, related to the efficiency of hydrostatic 
transmission with variable capacity hydraulic pump 

v - viscosity
co - angular speed
coM - hydraulic motor shaft angular speed
G)m - hydraulic motor speed coefficient - ratio of instantaneous speed to nominal 

one of a rotary hydraulic motor, or ratio of linear instantaneous speed to 
nominal one of a linear hydraulic cylinder 

cop - pump shaft angular speed

Indices

c - input n - nominal
g - geometric o - idle run
i - internal P - pump
m - mechanical t - theoretical
M - hydraulic motor u - output

v - volumetric
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