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Chapter 1

Basic Terminology in

Hydraulic Transmission

1.1 Terminology list

absolute pressure
#XFE T
actuator portion
PAT T
adiabatic exponent

HRIER

adiabatic (isentropic)
#e PR
adjusting piston
RRIEE

air compressor
=R

air cylinder

L

air dryer

T e

air motor

5%

air supply device
SERE

air supply system
SRERS

air-hydraulic linkage control circuit
BBk o 4 ) [

amplifier

5 N0

assistant element

BT
axial piston pump

M HEER

bag type

BEERS
basic/common circuit
FA/H B

bent axis axial piston pump

R AT R

buffer circuit

2 v o]

buffer throttle valve

Z PR
bulk modulus of elasticity

AR

cavitation

2

clamping

KE

clearance

I B

clip

E

combined machine tools
HAEDLIR
common cylinder
g kil
compound seals
HEFEHE
compressibility
Al 454
connecting rod

b

constant power variable displacement

ERIIE
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control element

& H T

controlling piston
I 2
conversation of energy
REETlEHER
conversation of mass
REFEER
conversation of momentum
SEFE

crank shaft

1 %
creep
efr
critical load

I 5 20

critical reynolds number
I 5 5 v 4K
cushion collar

ZmE

cushion device
ZhRE

cylinder block assembly

ARE ARG
cylinder block

FARES

cylinder spool orifice

T A ¥ R R IO

cylinder tube

G

damping groove (or hole)

wiRe (FL)
decompression gap
1
de-energized

(g KB

delivery

H®
depth filter

RERDIESR

derivative regulator

W VAT AR

diaphragm cylinder

JE AT

diesel

el

directional control circuit

75 18 4 o 1

displacement

H&®

drainage valve

He7K 1R

drilling

B

dustproof ring

B 2k P

dynamic viscosity

B (EXD) FE

°E viscosity

BR#F#ET

eccentric wheel

o5

electric touch pressure gauge

2k L Wi

electro-hydraulic digital valve

B, VBT 1

electro-hydraulic operated directional con-
trol valve

R, VR #6 ] HR)

electro-hydraulic proportional shift direc-
tional valve

B, YR L £ 4 1] HR)

electro-hydraulic proportional valve

B, Y LL 4

electro-hydraulic servo valve

R, V4] AR 1R

energized

(HES BE

energy portion

REUREE
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equation of Bernoulli

HEMITRE

equation of continuity

REESEEFTRE

equation of momentum

HETE

execute signal

WITES

exhaust throttle valve

HA TR

expand with heat and contract with cold

2.9 33 ]

fast moving onward

PRk

fast return

iR

fast speed circuit

R (3]

feeding

b

filter rating

R/ 3i 3

fixed/variable delivery

ER/ TR

flange

®=

flow control electro hydraulic proportional
servo valve

FL Y LG ) 3 )

flow pulsation

T Bk 3l

flow rate

nE

flow sensor

B S AR
flow-deploying

Bic LA

force control circuit

7 ¥ ) (B B&

force increased by air-hydraulic intensifier

WY B 235 7 Bl B

force increased by multiple in-line cylinders

ER R SURL 3 7 [ B

functions of neutral position

o {7 AL BB

gag bit

(LS

gas filter for de-water

rIKIER &

gas filter

PUR/ £

gear modulus

W B

gear pump

BE

glyd ring seal

& ok B 2%

group panes

7B

guide ring

A LEZ

hand wheel

F#

hands-off circuit

HEAT B B

heat exchanger

PR

heat-exchanger

B S

high-pressure and low-pressure changeover
circuit

R R V) e 1]

housing of variable displacement mechanism

6128~ | R LA

hydraulic cylinder

¥ T

hydraulic jack

BETHT

Hydraulic lock

BEREIAR
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hydraulic operated valve
W

hydraulic pump

BER

hydraulic shock
W

hydraulic transmission circuits
B A% 5l [
hydrostatics

v TEN ke

impact cylinder circuit
i ST B B

impact cylindgr
|

inlet port

R 3 B

inner semi-ring joint
PA 36 FF 7 4

integral regulator

3 LR TE

interlock circuit
441 B
joint

Bk

key

i

kinematic viscosity
BEEE

kinetic correction factor
B ERK

laminar flow

=3

leakage

itk

lip seal

JE T % £

lip style sealing

=3/l

load-sensitive variable displacement

RBRERER

lock up circuit

1 3% [0

losses of along circle parallel pipe
HREAHRK

mass flux

HERE

local pressure loss

R E A%k

muffler

HAE %

needle roller bearing

e &
non-return valve
B[] 1)

nut

Lo 352

obstruct

g

offset

L BEE

oil and water separator

K> B2

oil escape valve

I 2

oil film

T

oil leakage path

T e 37 JE

oil mist lubricator
HE s

oil pipe

WE

orifice shape of poppet valve
HRBEO

O-ring seal

O &+ E
outlet port
;i)

outlet power

B zhR
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outside load

s

over-load protection circuit
B AR E B

pad

#iE

parallel pin

Bl K 54

Pascal’s law

A 30 B

phenomenon of surrounded oil
HmI R

pilot operated valve

SRR

pin

W

pin shaft

e

pipe line

HiB

pipeline connector
BiEEREF
piston

T

piston assembly

& EA

piston type

TEE/EEEES

plastic composite type seal

BBAESEH

plastic injection molding machine

T8
plunger
2

pneumatic components

KEhEEE

pneumatic logical element
[IBHTH
pneumatic manipulator

SENRF

pneumatic sensor
KL des
polytropic change
ZENRE
polytropic exponent
e UL T

port end cover

E#

position limited valve
PRz R

position sensor

i B 1% 2%
power-slipway
MAORE

power

h#

pressure control circuit

Fe 73 8 1 150

pressure control electro hydraulic propor-

tional servo valve
RV LG T R
pressure counter-balance circuit
- g [ B&
pressure loss along parallel pipe
EREA#BK
pressure regulated circuit
¥ [ [E]
pressure sensor

ki %

pressure-holding circuit

R [ B

pressure-increasing circuit

¥ [ (B B

pressure-limiting variable displacement
RERZE

pressure-reducing circuit

W, 7]

pressure-venting circuit

0 228 [m] e
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pressure retaining ring
FE A 3
proportional regulator reynolds number
b ) 8 5 2% BHEH
proportional solenoid ring set
He ) ¥, Bk 4k G378
purification rodless cylinder
Hr ik THFRE
quick return circuit roller bearing
PR 8 (] [B] WAL RA
rack-piston cylinder rolling group
P S 15 W R AT B4
radial piston pump rotary cylinder
REEER 3 T
rake rotor
B & L
rated pressure roundwire snap ring connection
B ESN W PR R
reaction ring . rubber pipe
EF JBE &
reaming rubber with proof against oil
154 [ER:E: ¥
receiver safety circuit

i< i

reducing pressure valve
U5 1R

relative pressure

X () EA

relative viscosity

X GRi) BE
relief valve

relief valve

s B

reservoir

i)

restoration

JRAL

retaining ring

EaET

LRy E g%

screw coupling

RETHER

screw pump

BT R

seal ring

IR

seal support

% 5t

sealing device
FHEER
self-priming suction
H R RE N

sequence action circuit

IR F 31 44 ]

sequence valve

Y
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servo valve

1] AR B8]

shift oil flow direction circuit
e fe) (4]

signal processing device
FEENERE
single/double-acting cylinder
B/ RAE

sliding shoe

i)

solenoid operated valve

R 9 1 #R

sound level

BRI

speed control circuit

B BE A ] 5]

speed regulating circuit by variable displace-

ment pump
A5 B TR AR o ]
speed rigidity
T B R
split pin
I 1 4
spring plate
55 )RR
spring ring
P

start-up with acceleration

T & 3h

stator

ET

steady flow

{H 5E i 3h
stroke

177

suction oil pipe
0

suction pressure

WA E S

suction/discharge

W/ B
supercharge cylinder
¥ R fir

surface filter

R BT R4

swash plate

#H%

synchronization circuit

) 25 (=l %

the principle of Pascal application

W R (B EfAE) RE

theoretical/practical flow rate

it/ 32 bR i B
thread coupling

REUE

throttle speed-regulating circuit by fixed

displacement pump

X B 7R YT U A o [

thrust bearing

1 R

tight chamber
FEHAER
tolerance

nE

torque

L2

transmission shaft

% 3hah

turbulence flow

EW

two-hand operation circuit

T B [ B
V-style lip seal
V B %+
vacuum
HE ., HEE
vane pump

e

venting device

H<EE
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venting plug

HES#

volumetric/mechanical overall efficient

R/ P A

Venturi meter

X EFREIT
viscometer
®EI
volume loss

BERBER

water separator rating

b 3

welding connection

1.2 Short passages for reading

IR
wetted perimeter

&R

workbench

THE

working going onward
T

working pressure
THEEN

working situation

THE
Y-style lip seal
Y R EHE

This chapter lists the basic terminology in hydraulic transmission, including concepts of

hydraulic transmission, foundation of fluid mechanics, hydraulic components, hydraulic

system, pneumatic components, pneumatic system and other professional terminology.

Understanding these basic terms is the basis of reading and understanding hydraulic trans-

mission and exchanging in the hydraulic field. Therefore it is very important.



Chapter 2 Hydraulic Medium

During the designing of equipment that requires fluid power, many factors are consid-
ered in selecting the type of system to be used—hydraulic, pneumatic, or a combination of
the two. Some of the factors are required speed and accuracy of operation, surrounding at-
mospheric conditions, economic conditions, availability of replacement fluid, required pres-
sure level, operating temperature range, contamination possibilities, cost of transmission
lines, limitations of the equipment, lubricity, safety to the operators, and expected service
life of the equipment.

After the type of system has been selected, many of these same factors must be consid-

ered in selecting the fluid for the system, This chapter is devoted to hydraulic fluids.
2.1 Types of hydraulic fluids

There have been many liquids tested for use in hydraulic systems. Currently, liquids
being used include mineral oil, water, phosphate ester, water-based ethylene glycol com-
pounds, and silicone fluids. The three most common types of hydraulic liquids are petrole-
um-based, synthetic fire-resistant, and water-based fire-resistant,

The main hydraulic medium in fluid power systems can be divided into different catego-

ries as shown in Table 2-1 according to their performance and their chemical composition.

Table 2-1 Types of hydraulic fiuids

Ordinary hydraulic oil
Anti-wear hydraulic oil
Low solidifying-point hydraulic oil

Mineral oil-based Fluids High viscosity index hydraulic oil
Special hydraulic oil
Machine oil
Hydraulic Turbine oil
medium Qil in water emulsion

Water-oil emulsion
Water- glycol fluids
Fire-resistant Fluids High water-based fluids
Phosphate ester fluids
Synthetic type Fatty acid ester fluids
Halide fluids

Water-based type

(1) Petroleum-based fluids

The most common hydraulic fluids used in shipboard systems are the petroleum-based
oils. These fluids contain additives to protect the fluid from oxidation (antioxidant), to
protect system metals from corrosion (anticorrosion), to reduce tendency of the fluid to
foam (foam suppressant), and to improve viscosity.

Petroleum-based fluids are used in surface ships’electro-hydraulic steering and deck ma-
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chinery systems, submarines’ hydraulic systems, and aircraft automatic pilots, shock ab-
sorbers, brakes, control mechanisms, and other hydraulic systems using seal materials
compatible with petroleum-based fluids.

(2) Synthetic fire-resistant fluids

Petroleum-based oils contain most of the desired properties of a hydraulic liquid. How-
ever, they are flammable under normal conditions and can become explosive when subjected
to high pressures, source of flame or high temperatures. Nonflammable synthetic liquids
have been developed for use in hydraulic systems where fire hazards exist.

(3) Phosphate ester fire-resistant fluid

Phosphate ester fire-resistant fluid for shipboard use is covered by specification
MILH-19457.

Drawbacks of phosphate ester fluids are that they will attack and loosen commonly used
paints and adhesives, deteriorate many types of insulations used in electrical cables, and de-
teriorate many gasket and seal materials. Therefore, gaskets and seals for systems in which
phosphate ester fluids are used are manufactured of specific materials.

(4) Silicone synthetic fire-resistant fluids

Silicone synthetic fire-resistant fluids are frequently used for hydraulic systems which
require {ire resistance, but which have only marginal requirements for other chemical or
physical properties common to hydraulic fluids. Silicone fluids do not have the detrimental
characteristics of phosphate ester fluids, nor do they provide the corrosion protection and lu-
brication of phosphate ester fluids, but they are excellent for fire protection.

(5) Lightweight synthetic fire-resistant fluids

In applications where weight is critical, lightweight synthetic fluid is used in hydraulic
systems. MILLH-83282 is a synthetic, fire-resistant hydraulic fluid used in military aircraft
and hydrofoils where the requirement to minimize weight dictates the use of a low-viscosity
fluid, It is also the most commonly used fluid in aviation support equipment.

(6) Water-based fire-resistant fluids

The most widely used water-based hydraulic fluids may be classified as water-glycol
mixtures and water-synthetic base mixtures. The water-glycol mixture contains additives to
protect it from oxidation, corrosion, and biological growth and to enhance its load-carrying
capacity,

Fire resistance of the water mixture fluids depends on the vaporization and smothering
effect of steam generated from the water. The water in water-based fluids is constantly be-
ing driven off while the system is operating. Therefore, frequent checks to maintain the

correct ratio of water are important.

2.2 The name of the hydraulic oil

The name code of the hydraulic oil is expressed according the following order:

Category (L) - Group (H) - Specification of varieties Number
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46anti-wear hydraulic oil: L-HM 46,
L. type (lubricants and related products).
HM. varieties (refined mineral oil with rust, oxidation and abrasion resistance, H is
group code of L products, and it has application in the hydraulic system).
46, Digital (according to viscosity grade seated by GB/T3141—1994 standard).

2.3 The viscosity of hydraulic oil

When hydraulic oil flows, the inner friction hinders the flow of hydraulic fluid due to
molecular interactions. The fluid’s viscosity is a measure of the friction. Viscosity is one of
the most important properties of hydraulic fluids. The viscosity of a liquid is affected by
changes in temperature and pressure. As the temperature of a liquid increases, its viscosity
decreases. That is, a liquid flows more easily when it is hot than when it is cold. The vis-
cosity of a liquid increases as the pressure on the liquid increases,

Viscosity can be usually expressed by dynamic viscosity, kinematic viscosity and condi-
tional viscosity, three methods. It is divided into seven grades. Temperature limits of hy-

draulic oil of different grades required in the hydraulic system are showed in Table 2-2.

Table 2-2 Temperature limits of hydraulic of different grades required in the hydraulic system

1SO Starting temperature of maximum viscosity Temperature of working the temperature of
. Visco- limits/C viscosity/C minimum viscosity
Viscos sity . High-pressure | Low-pressure limit when No
-ity Gear Pump Piston pump Vane pump .
grade index (2000mm?/s) | (1000mm?/s) | (500mm?/s) system system wearing/'C
(25mm?/s) (15mm?/s) (10mm?)
50 —30+2.5 —30+2.5 —27+2 16.5=+3 28.5%3 4013
10 100 —39+£2 —33.5 —31.5%2.5 14.5+3 27.5%3 40+£3
150 —50+2.5 —4442.5 —37.5%2.5 12.5+3 26.5%3 40+3.5
50 —30.5%2 —26.5+2 —16+%2 27x2.5 40+2.5 5213
15 100 —34.5%2 —28.5%t2 —21.5%2 26.5+3 40=£3 52.5%3
150 —4142 —34.5+%2 —27£2.5 25+3 40£3 5343.5
50 —23+2 —17+2 —10+2 36.5+2.5 5243 62+3
22 100 —28.5%2 —20+2 —13+2 36+3 53+3.5 64+3.5
150 —~35+2 —26+2 —18%+2 35.5+3.5 54.5%4 66+4.5
50 —~15+2 —9+42 —242 45.5+2 5942 71£2.5
32 100 —19.5+2 —13+2 —7x£2 46+2.5 60.5+2.5 74+2.5
150 —25.5+2.5 —18.5+1.5 —10+2 47+£3 631t3 78+2.5
50 —9+£1.5 —2.5%1.5 —15%1.5 5342 66.5+2 79.5+2
46 100 —13.5%1.5 —6.5£1.5 —1.5%2 54+2.5 69.5+2.5 83.5%2.5
150 —20%+1.5 —13+1.5 —3.5+2 56.5+2.5 74.5%3 90+3.5
50 —2.5+1.5 4+1.5 11£1.5 61+2 752 88+t2
68 100 —7.5+1.5 0x1.5 8+1.5 64.5k2.5 79.5%£2.5 94+£2.5
150 ~14+1.5 —6+1.5 3.5%k2 67.5%3 86+3 103+£3.5
50 3+1.5 9.5+1.5 17.5%1.5 6742 83+2 96.5+2
100 100 2+1.5 6+1.5 14.5+1.5 70.5+2.5 89.5%+2.5 105+3
150 —8+1.5 0.5+1.5 10+2 7613 98.5%3 10744




