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7. Hydraulic Motors

Operation of hydraulic motors
Limited rotation hydraulic motors

Gear motors, Vane motors, Piston motors [ »

Torque & power delivered by hydraulic motors "»
Performance of hydraulic motors “#

Comparison of variable performance factors of
hydraulic motors

Analysis of the operation & performance of hydrostatic
transmission [
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7.1 Application of Hydraulic Motors

0

{ GREENLEE"
% 3 ARWOWT

o Fluid Power #&t3<t
|




M78 RE2H

7.2 Limited Rotation Hydraulic Motors

Stationary
barrier

Rotating
vane
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Analysis of Torque Capacity

Ry = outer radius of rotor (in, m)

R, = outer radius of vane (in, m)

L = width of vane (in, m)

p = hydraulic pressure (psi, Pa)

F = hydraulic force acting on vane (Ib, N)

A = surface area of vane in contact with oil (in?, m?)
T =torque capacity (in.lb, N.m)

F = pA=p(R, ~Ry)L

N7&E =S 2H

(R +R)
T=p(R, —Re)L -
L
T :%(sz - RRZ) V, :7z(RV2 — RRZ)L [m3/rev]
T | pVD
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Applications of Rotary Actuators

SUGGESTED
APPLICATIONS ;

Plug or Butterfly Valve Turning
or Positioning

All Bending Operations Ip B Work 8

Rollover or Positioning Turn or Oscillate
For W 9 or ™M hinl

Index or Position

ol

Positioning, Turnover or Dumping

Lift or Rotate
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&, THESE TWO TEETH HANE CGMLY
TAMEK LIME PRESSURE GPPOSING

3. PRESSURE BETWEE™ TEETH 1M THER

THIG SEGMEMT PUSHES BOTH WAYS

AT DOES MOT AFFECT TORGHUE

A OIL 15 CARRIED ARDUND 1O
COUTLET

1. THESE Twi TEETH ARE SUBIECT

TO HIGH PRESSURE AMD TEMD 1O

OTATE GEARS 1M DERECTION QF
ARRIDWS

3. PRESSURE BETWEEM TEETH IM

I

THIS SEGRMENT PUSHES BOTH WAYS

AMD DOES MNOT AFFECT TORGILE
AL OIL 1S CARRIED ARCUND TO
CUTLET

. SEGMEMTS OF TG MESHIMNG
TEETH TEMD TO QPPOSE ROTATION
MAKING MET TORZUE AVAILABLE
A FUNCTION OF OMNE TOOTH,

Motors
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Gear Motors
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1.4 VVane Motors
2. THE RESULTING 1. PRESSURE ON THIS VANE
FORCE OGN THE VANE BEAMS A FORCE ....
CREATES TORGUE OM
THE MOTOR SHAFT
SYSTEM PRESSLIRE
DRIVE SHAFT ROTOR
1. THIS YANE 15
VIEW A BASIC CPERATION SUBJECT TC HIGH OUTLET
- PRESSURE AT THE
INLET SIDE AND LW ROTATION
PRESSURE OPPOSITE
L | NLET
3. THE INLET
CONMNECTS TO TWO
P OPFPOSING PRESSURE
2. THE RESULTING FORCE ; ;
ON THE VANE CREATES PASSAGES TO BALANCE
TORQUE ON THE ROTOR S LOADS QN THE
SHAFT = '
VIEW B BALANCED DESIGN ‘
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Vane Motors with Spring-loaded Vanes

1. AS THIS VAMNE IS
MOVING OUT OQF 1TS SLOT

. THIS VANE IS BEING FORCED

3. ROCKER ARM BEARS UMNDER
VAMNES TO HOLD THEM
AGAINST RING SURFACE.

ROCKER ARM

PRESSURE PLATE BEARING NOTE: ONLY ONE ROCKER SPRING

IS SHOWN FOR SIMPLICITY .

SEAL

WANE

ROTOR

COVER

RING BODY

s Fluid Power &%=t




N7&E =S 2H

Vane Motor
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1.5 In-Line Piston Motors (Swash Plate Design)

5. A5 THE PISTOMN PASSES THE
IMLET, 1T BEGIMNE 1O RETURM
IMT TS BORE BECAUSE OF
THE SwASH PLATE AMNGLE.

E¥ HA ST FLUID 13 PUSHED
IRTOD THE QUTLET PORET.

THE FISTOMSE, SHOE PLATE,
AMD CYLIMDER BLOCK ROTATE
TOGETHER, THE DRIVE SHAFT
15 SPLIMED TO THE CYLIMDER
BLOCE,

Swash plate

3. THE PISTOM THRUST
15 TRAMSMITTED TO THE
AMGLED SWASH PLATE

CAUSTMNG ROTATION. Flow out ’? 2N
-~ \
PISTOM SUB 7 | 11
ASSERBLY . F
DUTLET POIET Force in -L'i—-"'r'&—"l
SWASH L I
PLATE ,x"jl \ )
L
ml Outlet _—~ “J L/\\
;JA,- valve
. Inlet
opening vl
DRIVE SHAFT opening
TMLET PRT
W
<f 2
{\ » Force in
o
SHOE RETAIMNER PLATE 4 \

1. OIL UMDER
PRESSLIRE AT TMLET

7. EXERTS A& FORCE
O PIETOMNEG, FORCIMNG
THEM ZUT OF THE
CYLIMDER BLOCK

A
e
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Operation Principle of Piston Motor
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Two Configurations of In-line Piston Motors

FIXED DISPLACEMENT

VALVE PLATE
CYLINDER BLOCK SUBASSEMBLY

PISTON AND SHOE SUBASSEMBLY
SHOE RETAINER PLATE

PORT CONNECTIONS

SWASH PLATE IS

STATIONARY

jr- SHAFT SEAL

DRIVE SHAFT

THESE PARTS ROTATE

BEARING HOUSING

VARIABLE DISPLACEMENT

COMPENSATOR SWASH PLATE IS
MOUNTED IN
CONTROL PISTON SWINGING YOKE

SPRING
SHAFT SEAL

BEARING

PORT
CONNECTIONS

VALVE PLATE

ROTATING GROUP

PINTLE YOKE
HOUSING

-13 -

STROKE LENGTH
[ IS MAXIMUM

(MAXIMUM DISPLACEMENT)

MAXIMUM SWASH
PLATE ANGLE
AND
MAXIMUM TORQUE
CAPABILITY

IS MINIMUM

_sil«— STROKELENGTH
I
I

(MINIMUM DISPLACEMENT)

MINIMUM SWASH
PLATE ANGLE
AND
MINIMUM TORQUE
CAPABILITY
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Axial Piston Motors (Bent-axis Design]

3. UMIVERSAL LINK MAINTAINS

ALIGNMENT 5O SHAFT AND

CYLINDER BLOCK ALWAYS
TURM TOGETHER

4, OIL 1S CARRIED IN PISTON
BORE TO QUTLET AMD FORCED
OUT AS PISTOM 15 PUSHED BACK
IN BY SHAFT FLANGE

TO IMLET

2. PISTOM THRUST OMN DRIVESHAFT
FLANGE RESULTS INM TORQUE ON
SHAFT

TO OUTLET
CYLINDER ELOCK

1. O2IL AT REQUIRED PRESSURE AT

IMLET CAUSES A THRUST OM PISTOMS
e

5. THEREFCRE PISTON
DISPLACEMEMT AMND
TORGIUE CAPABILITY
DEPEND O™ AMGLE

-14 -

High pressure
Low pressure
(return pressure)
Torque

(output force)
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(431

Bearing force
(support force)
Piston force

{(high pressure force)
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Variable Displacement Bent-axis Piston Motor

VALVE PLATE

PISTONS OUTLET FLANGE
OUTLET FLOW

OUTLET PINTLE

INLET FLOW
—YOKE
DRIVE SHAFT
VALVE
BLOCK INLET PINTLE

ACTUATING CONTROL
CYLINDER BL
1RBER BLOCK (HANDWHEEL TYPE)

. Fluid Power -#&t3=t
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Piston Motor
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1.6 Hydraulic Motor Torque, Power, and Flow—Rate

Theoretical torque: torque that a frictionless hydraulic
motor would deliver

V, (m®/rev) x p(Pa)

TT(N'm): o7

Theoretical power
Power(W) =T, (N -m)xN(rad/s)
~V,(m®/rev)x p(Pa)x N(rad /s)
27T

Theoretical flow-rate
Q. (m*/s) =V, (m’/rev)x N(rev/s)

A

-17 - Fluid Power &3




N7&E =S 2H

1.7 Hydraulic Motor Performance

E Volumetric efficiency

_ theoretical flow—rate motor should consume Q, @
actual flow— rate consumed by motor Q, Qr+AQ

e

B Mechanical efficiency

. actual torque delivered by motor T, T =AT
" torque motor should theoretically deliver T T;
3 actual wattage delivered by motor
TT(N-m):VD(m /rev) x p(Pa) T,(N-m) = g y

3T N(rad/s)

E Overall efficiency

actual power delivered by motor
actual power delivered to motor

Mo =M m =

A

|
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Hydraulic Motor Performance - €&
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Performance Curves for Variable Displacement Motor

VOL EFF AT VOL EFF AT
5000 PSI 3000 PS|
\ \ 100
\ L

"B\OVERALL EFF AT
g | 3?00 ‘PS\

¥/
/AN —\a0
T
h OVERALL EFF AT
5000 PSI

EFFICIENCY %

80

INPUT FLOW
AT 5000 PSI

60— 60 /
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= _
Z a0 g 40 /
g | ° /
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SFLEI 7L
RS IR0 ALH 50
B HEXE Mdz)|= 2 &4 2000rpm,
8PS2l SH0| A% 1D UL
B HIO| E=9 p=70 kof /cm?,
B EZ & Q=45 lpm O|C}.
E SUDHO HHMER V, =40cc/rev,
B g2 n,=1n,=90% OICt. 2000rpm, 8PS

(1) SLEIO J|HES, 58
=)

[E] (1) 7w=92.1%, 71 =87.5%
(2) T=401.3 kgf-cm |
N =1012.5 rpm
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Control of Hydraulic Actuator

Valve controlled actuator

Pump controlled actuator

Self controlled actuator

0.

Hydraulic
Power

Source

/

Hydraulic
Power
Source

/

Hydraulic
Actuators

Hydraulic

Hydraulic
Power

Y

Actuators

/

Hydraulic

Source

Y

Actuators

/
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Control Method of Hvdraulic Actuator

<+Valve Controlled System

Command ...... )Controller( ............................................................................................................... .
I_':l( ........ |
| |
L IIII 1
- G——0
<A> ‘J-’ Position
| \?;r\)/e? Transducer
1]
<+Pump Controlled System
Position
Transducer
Motor
Servo
- | |
11

A

--------- » Controller
Command

_23-
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Pump Controlled Motor System

I HST(Hydrostatic Transmission) 2| {3

Piping term ‘|

L|A

Control term

HSTs : hydrostatic transmissions

Discontinuous flow

Open circuit

Closed circuit
Continuous flow

|
| (uninterrupted)
|
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Transducer

(interrupted)
______________ ____________]I___________ .
| | | | |
Open loop Closed loop | Open loop Closed loop
No feedback Feedback C No feedback Feedback
|
Transducer ! Command
Command | ToN
| r
. N
|
|
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Hydrostatic Transmission System (HST)
@—
E— i

1. Reservoir 8. Motor Case Drain Line
2. Shut-off Valve 9. High Pressure Lines
3. Filter 10. Heat Exchanger
4, Variable Displacement 11. Reservoir Return Line

Pump 12. Reservoir Fill Cap or
5. Fixed Displacement Motor Breather
6. Inlet Line 14. Heat Exchanger
7. Pump Case Drain Line By-pass Valve A

1
"2 Fluid Power -#&t3<f
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Closed-Circuit / Closed-Loop HST

F In-line single unit HST

s Fluid Power S&ts=t
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Advantages of HST

it 0 H&st LCBH=10 F open circuit HST
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P, Q4 P4, Qa
NG’ TO 7 4 NOI To
\
//\
Pr. Qs
Motor torque at relief valve setting
Max. . Horsepower
Max. S |
Motor 2 |
horsepower s l
5 g \
o = o -
g 2 Horsepower lost & | Flow
s @ over relief valve 2
= g - ;
T o l Torque
3
g !
. |
00 Motor speed Max. :
0 - + - Max.
}+—Range 1—+} Range 2—————+
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[Oll Al 2] Jriggd Ho +

IR MR Vo =0~80 ml/rev
HESE T = 85%
HSI|+#&: 3855 N=1000rpm
S8 7= 8%
SHAA: MESE 1n,= 93%

JH(ED)EE Ny, = 87%
OO N 2AZ: 8bar OI&E =4

EHE NS HSTY 82E 71 = 60%

Q1o ZAHUA, BIZ 20| & TH3t2] 50%01l A
TS50 RADH F0l 12KWI IR S T
) EEZESY

(2 EEEOIRY

(3) Y2IZ WHIL SR MK IHE & U

=L 200rpmeE &=

(5) dIIE2HU<=
6) BX2 JA=

-29.
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Mg
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HST

& DF X

set at 270 bar

— 1

4—|

be

Load

[E] (1) 255 bar (2) 108.7 m1/s
(3) 6.1 % (4)167 ml/rev
(5) 22.5 KW (6) 85 %
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HOA2: WHSR Vo = 0-164 ml/rev
3¥EE W, = 25revis p, Q
a2+ C = 0.9 mibars !
EJSE Tlot = 85%

PEHAA BHHEE "m  =65ml/rev O
SESEH=> Cm=0.9 m1l/bar-s P
INAHEDEE Tmm= 85%

2HS 28258 J, =10 kg-m’®

2o A0l A

(1) BEZZS0| = et 60% 0 A =364
SULPHIN @, =33 revis & M, R &2
gy

(2) (V)8 ZAHUA ESD|e =

(3) EELEEF0l 00l Al =[CH Sl 50902 HEHY A= IIE
M, 2HS2 HAAE 52 63%0 =& A2t

= otet.

[£] (1) 156 rad/s® (2) 51.4 KW (3)0.198 s

B2
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Application of Actuator Control System-1

F NC Machine position control system

Servo Hydraulic
valve motor <« Work table
|
<D—1 I-é\\\\\\\\\\\\ AN NN - -
Ball lead
screw
rUCIERTE Position
Sk ) Transducer

j O + Command

A
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Application of Actuator Control System-2

F Tension control system for Paper making processes

Hydraulic
motor

-
-
-

-
- -
- -
- -
- -

dancer

~roll
Position

Transducer

Command =~
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Application of Actuator Control System-3

F Web guiding system for Paper making processes

Main roll . Guide roll
Photoelectric cell
& Light source
e L
1 Deviation
Adjusting )
cylinder + Command
Servo
valve

e Fluid Power &%=t
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Application of Actuator Control System-4

F Thickness control in Rolling processes

—— Screw
[ —
p—
Load cell
Backup rgll
Working roll A\
Strip )
YAN
PRICKHEeSS
gauge
Backup rol
Position
Detector
Automatic |¢

= Gauge
— ey I PN
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Advanced Actuator - 1

F Servo-actuator (hybrid actuator)
E servovalve W&, & & valve spooldil step motor £ &t
B displacement transducer L&
B ultra-low friction hard wearing sealing
B fatigue testing m/c S2| precision control system&

A

1
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Advanced Actuator - 2

F Intelligent cylinder
B counterE O0|&8t digital position transducer £ &

B strokeE S W set point& A& H XIE, variable switchZ A
AE

B servovalve &&= proportional valveE LH&EGIH |AX/SE
HMOHAIAECS SERAZ AIE

236 -
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Report

E Text Problems
B 7-22
B 7-26
B 7-36
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