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Hydraulics Fundamentals

Q=C,AV(2Ap/p)

FOER x FEFSR

Area x square root of pressure difference

imimF LTl / Turbulent orifice approximation

fmig%& / Editor: 2i1=fg David Wu




F R FIBR

Learning objectives

01 BEREH. REMNE

Explain pressure, flow rate and hydraulic power.

02 ANAR. . L. SERAHETTH

|dentify pumps, valves, cylinders, motors and accessories.

03 AEHBERE—IESINE

Trace the oil path for a basic machine movement.

04 EENSIRFENEFZLER

Follow a basic inspection sequence and safety precautions.

{84 E HONSFUID

02



BREESEPRIER

Hydraulics in everyday machinery

AikipEiEaEs, KRN

A liquid transmits energy to move a load.

HELERkEF. ([IESFR

Cylinders provide lifting, extension and clamping.

Bik5epkolss. TESKERIKED

Motors drive rotation, travel and winches.

184 E HONSFUID 03



RERFAVR AR

Five groups in a hydraulic system

BBISE(4 / Examples FZ(EA / Function

=771 / Power

supply WER / Pump

H1T / Actuation &I, X / Cylinder, motor

1=l / Control BE. ED. mERE

Direction, pressure, flow valves

4EBf / B, ke, B
Accessories Tank, filters, lines
1v& / Fluid #&JEiH / Hydraulic fluid

1&84%kE HONSFUID

U EERE /9 R IERE

Mechanical to hydraulic energy

[ S YA

Motion, force or torque

EHEESRIPER S

Control motion and protect

. IFEIER

Storage, filtration, connection

Zae. 1HB. 1240
Power transfer, lubrication, cooling
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AR RS FIRIRLK

Pascal’ s principle and force multiplication

FE—FLEEREP, F—SELNEDERE

Pressure is equal at the same elevation in a connected fluid at rest.

IEZE: 100N - 1 cm? Ai&zE: 1 MPa x 10cm2 = 1,000 N

Small piston: pressure = 1 MPa Large piston: ten times the area gives ten times
the force.

EETE, ZRRER. HRNEHEEE / |deal calculation, losses ignored
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EDHSHRENX!

Pressure and flow rate

P

E7: ENREFAEN “NE"

Pressure: the effort needed to overcome a load.

EFRERAY, FEDNDHED

With the same area, pressure affects force.

{84 E HONSFUID

Q

e BoMImnES

Flow rate: the volume of oil delivered per
minute.

EFERR, RERINEE

With the same area, flow rate affects speed.
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INBE:: L3 v

Common units

Y18 s / Quantity HE I / Unit icl2%i% / Reminder

[&£77 / Pressure MPa. bar 1 MPa = 10 bar

e : Fo RO HR AR

IE=

e / Flow rate L/min Fluid volume per minute

RIS HRINR

& / Displacement Y Theoretical volume per revolution
J15%%%E / Force, torque N. kN, N-m 1 kN = 1,000 N
Ih= / Power kW 1 kW = 1,000 W
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RIEELAYEHE

Hydraulic cylinder anatomy

{8A%E HONSFUID

EIfE. EEFEZEM
Barrel, piston and piston rod form the moving
assembly.

ZHiESHHFIE

Cap end and rod end have different effective
areas.

ZEPhLbittE, SREFRZNEZIE

Seals limit leakage. Guide rings support
alignment.

L d
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Common cylinder types

HBIFi® / Application

E{EREL
Single acting

XU FREL

Double acting

{ER4ERL
Telescopic

EoHA TER

Rotary actuator

1&84%kE HONSFUID

—EER, ShoiRME]

Hydraulic motion in one direction

MREA B

Either chamber receives pressure

ZRER, KITIE
Multiple stages, long stroke

BIRAERESE

Rotation over a limited angle

Tt Tt
Lifting and jacking

{FqE, HERAL

Extension and retraction

BENFEETT
Dump body lifting

L. ENL
Tilting and positioning
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HEIANEN SIERE

Cylinder force and speed

pxA vx=Q/A

F—ilEl, EDFIED, SANERNRERINER

For a given cyllnder pressure affects force and inlet flow affects speed.

EfrENIR R H—IEE EHERERZ IR tHRRET, EREX, EEHE
Opposing pressure and friction reduce With the same flow, a larger area produces a
available force. lower speed.
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B6l: (HLENSEE

Worked example: extension

D=50mm p=10MPa Q=12L/min

FAFIEETR A = D2 / 4 = 1,963 mm?
Cap-end area A = 1,963 mm?2 = 0.001963 m?2.

FRiCIEH F =~ 19.6 kN JBIOUERE v ~ 0.102 m/s
F=10 N/mm?2 x 1,963 mm? Q =0.0002 m3/s,sov =Q/A.

HRTE, ZRSEERR. HRREIHEE)E / Ideal calculation, losses ignored
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Extension and retraction

Arod = t(D? - d?) / 4

BRI ERE

A single-rod cylinder has a smaller effective area at the rod end.

D=50mm, d=30mm RERG: 4a8Bl1a%0s, EERIR
Rod-end area = 1,257 mm? At 10 MPa and 12 L/min: 12.6 kN and 0.159
m/s.

HRTE, ZRSEERR. HRREIHEE)E / Ideal calculation, losses ignored

{84 E HONSFUID
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How a hydraulic pump moves oil

{8A%E HONSFUID

L)
L d

A TAER= FHATEPY R

Sealed working chambers repeatedly change
volume.

AIEAIEE, FREHEH

Increasing volume draws oil in. Decreasing
volume expels it.

S HEHX FEEERA

Inlet and outlet zones need separation.
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Displacement, speed and flow

Q=Vgxnxnv/1,000

Vg: cm3/rev, n: r/min, Q: L/min

Vg is displacement, n is shaft speed, and nv is volumetric efficiency.

fGll: 20 cm3/rev x 1,500 r/min

Theoretical flow = 30 L/min

{84 E HONSFUID

& nv = 0.90, EFFERELY 27 L/min

At 90% volumetric efficiency, flow is about 27
L/min.
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HIER. HRARSHEZER

Gear, vane and piston pumps

KB / Type BAR4E / Typical traits

MN'IEFES / What to notice

. SRR, BSIEEE
7\
AFEIR / Gear Slmple construction, often fixed

Vanes form chambers smooth flow

TEEEIR / Piston H|gh pressure duty, varlable options

1&84%kE HONSFUID

M. HOSHEE

Rotation, inlet and displacement

KHFE SRR EE

Inlet conditions and cleanliness

T EH SNt

Displacement control and drain
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HILTRNESIRIE

Gear pump fundamentals

iNieeeE)), SESTIETHER

Rotating gears carry oil in the spaces between
teeth.

HRaFIMILESIHERX

Oil travels around the housing to the outlet.

IS XIEIR RN SHERNIFRFF

The meshing zone separates inlet and outlet.
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HRRSEER

Vane and piston pumping mechanisms

AR HRSEFERI{ER

Vane pump: vanes and the stator form chambers.

HER: EEESNETIEESH

Piston pump: reciprocating pistons change
chamber volume.

FERANETICHS

A variable pump changes displacement per
revolution.

|—§F s 2—E T4 A
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HREERIGSAERE

Axial piston pump example

— BRI ES HE SiEEN
_- :-‘-;' Pistons rotate with the barrel and reciprocate.
hecha '
w5
.. W ,  HRESEWEEGESHE
'  H = Swashplate angle affects piston stroke and
. '---'-—-— | H displacement.
..... — d l £ ! {.[I]l
"/ﬁ,- » - il HEAStAOMGEARR
: : 2 __AXS Inlet, delivery and case-drain ports serve different
N s i~y Ty, N functions.
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RESENESIAR

Hydraulic motor fundamentals

17NN

7

B 3-2 2mEEIATHEERER
1—iEgE 2— 45k 33— 4-—-MMmHh

» I BN
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Bir B R ERE S A EIAEIET)

A motor converts hydraulic energy into rotary
motion.

mESINEEE, EERINEEIE

Flow affects speed. Pressure difference affects
torque.

REDEREEY, BESAEEEH

Pumps and motors reverse the energy conversion.
Substitution requires approval.
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Three main valve functions

2551 / Category FRAYIRIER / Purpose ERrci¥ / Examples

73 [EE EME, ARSI HREME. ERFHE

Directional control Where olil flows, start and stop Directional valve, check valve
JE7¥= BRIEE AR S IS i, R, I

Pressure control Limit or regulate pressure Relief, reducing, sequence valve
el ETSHITTHHRE ToiE. RN

Flow control Adjust actuator speed Throttle, compensated flow valve

f8a®&E HONSFUID 20



RRES RO

Directional valves and main ports

P #&{iil, T [l

P is the pressure supply. T is the tank return.

A, B #EMITRARIAATEO

A and B connect to the actuator work ports.

PSR FHRC MRS &

Solenoids or a lever move the spool.
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RREFSHN L 5 "&@"

Positions and ports in a valve symbol

Each square represents a spool position.

. BNMNBIEREFE—NTIENE
IS N
Y W

e SN
\
\ — + e >
=N /Y T St 3 M. 4
AN\ = =Vl =Y, . /1\ A 4/3 valve has four main ports and three
: A P B T K, o
positions.
(a)
A B | — A NG — A
. BETEE, LRSI
\YAY4 T \/\/ Lines indicate connections. A blocked end
_— indicates closure.

(b)

1&84%kE HONSFUID



BEARLLERDT

Common center connections

F{ii%EEE / Center condition

£+ / All ports blocked

PiE&T, A, BItA
Tandem center

A. BET, PiiH
Float center

IR / Pump side 177l / Actuator side
P 4] A. B £iF
Supply blocked Work ports blocked
R Al [BlHE Lt
Pump flow returns to LAFOIEI]
Work ports blocked
tank
P O3] S RETEEISE]
Supply blocked Load may move the actuator

TEOFAFRZRL LM / Closed ports do not guarantee safe load holding

1&84%kE HONSFUID

23



HRESRi=RRIE

Check and pilot-operated check valves

SiE AR TR E]

A check valve allows flow in one direction.

1 2 3

SRS T =R I S T RIS
/ \ \\\ _ - Pilot pressure opens the reverse path in a pilot-
= == ; - — O operated check.
-‘:"ii’\ A -k : (b) _ . o
X F m s MEREEEEGREETIE
Controlled lowering may require a load-control
valve.
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g HIPR EAE A

Pressure relief valve

{84 E HONSFUID

FEDXEIGERMGN, H&REliHE
Oil returns to tank when the opening pressure is
reached.

ERTFREIESIEES

A relief valve commonly limits operating pressure.

KHiERCESERARE

Continuous relief flow turns hydraulic energy into
heat.
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Relief and pressure reducing valves

LLARIR / Item

#5718 / Relief valve

7%/EH / Reducing valve

RiEES

Controlled pressure

BEAES

Main purpose

s
Typical example

1&84%kE HONSFUID

ERIES]

Upstream pressure

BR&I_EibETD, [RHAEIHAL

Limit pressure by diverting flow

RGtIRIELRIF

System pressure limiting

EI=Ava

Downstream pressure

18 R BYRES]

Provide lower branch pressure

KX BT SiHS
Clamping or pilot supply
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GRS EDES

Sequence valves and pressure signals

01 IWFR: XBEDFEEZRES 32

A sequence valve opens another branch at a pressure threshold.

02 EHOFX: BEDFHEZRRES

A pressure switch converts a pressure threshold into an electrical signal.

03 EHDERESR: SR EDNEE

A pressure transducer provides a continuous pressure measurement.

04 ENIFHEARNMALE—EEN

Reaching pressure does not prove the actuator reached its intended position.

{84 E HONSFUID
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mu"ﬂ '51”1_"5_5]

Throttle and compensated flow control

PEROX), AJLIEGRE

Changing the opening adjusts flow rate.

3 2 1
/ : P
‘ = BERRENRESEEERN
S A ! Flow through a simple throttle changes with

\ 3 P—;{:—P pressure difference.
// o I AR T EEm R

A compensated flow valve reduces the effect of
pressure changes.

A

B AEETRIER / llustration: a simple throttle valve

184 E HONSFUID 28



PirAZLREATN

The core orifice flow equation

Q=C.AV(2Ap/p)

A BAO&|ER, Ap EAARREE

A is the opening area. Ap is the pressure difference across the orifice.

FOEREMR 2 5, RELH 2 5 FEEEZ 4 5, RELYA 2 15

At fixed Ap, Cd and density: doubling A doubles At fixed A, Cd and density: quadrupling Ap
Q doubles Q.

Cd: mEEZEL / discharge coefficient p: ZE / density
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e — 32D

Tracing one branch of a circuit

[

{84 E HONSFUID

Foicilite. RMRFARETH

Locate the tank, pump and pressure limiting
element.

EE—MAGL, BEREIITITH
Choose a valve position and trace flow to an
actuator.

BIEER S — =AYl Mg
Then trace the return path from the opposite
chamber.
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WAEBEIRYHL, F1E5%3E(0]

Extension, stop and retraction

01 (@ih: PIETHE, BHEET

Extension: supply to the cap end, rod end returns to tank.

02 Sl PHNGEREHOERFIRIVIAS

Stop: center connections determine actuator and pump conditions.

03 4Zalbl: PiERHiE, THEET

Retraction: supply to the rod end, cap end returns to tank.

04 58 RIBRAEEETAFEPHIGERIEE

Load holding: provide suitable valves and mechanical protection.
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M ST

Reservoir and accessories

HfEfEH, HENERSES9E

P2 3 4 5 6 The reservoir stores oil and supports cooling and
T | A\ j air separation.
’ |
& R N | o mE S f S T R
AT I i FIREE, AR HRIeE
=h ‘ — —|llI=1= Breather, level indicator and thermometer aid
- —: == | inspection.
i é
f N 4 3 [=1-] =
[P\ ! SR LI CE A D E
= vlé-\rl """"" ' Lines, coolers and seals also affect system
i \9 ’ \7 reliability.
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JiEsr S liRinins

Filtration and fluid cleanliness

N

S

7774

%///

{84 E HONSFUID

SrBERi. BEDAA-RiEES

Contamination can cause wear, blocked passages
and sticking valves.

AR R EERETE R

New oil may require filtration before filling.

NEHESER, REKBIRES

Check the clogging indicator and replace
elements as specified.
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RERSHEFR

Hydraulic fluid and viscosity grade

XiEIR / Item

EAE Y / Meaning

1Efff#i% / Action

ME / Viscosity

ISO VG 46

HM, HV Z£5|
Fluid category

1&84%kE HONSFUID

S HEIBI0GHES D, SIS INtR
Too thick impedes inlet flow, too thin
increases leakage

40°C B¥ & MIisnIRELY 46 mm?/s
Nominal viscosity near 46 mm?2/s at 40°C

2 BRI RS RESR
Describes fluid performance

IREEMITHE KRR
Match temperature and
components

HFARNTRERE
The number is not a
temperature limit

RS SHEHE
Confirm specification and
compatibility
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= nesn I SHLERIEEE

Accumulators and stored energy

B B SEAEER
1—FES M, 2—75fk; 3--~¥; i—WHERMGN

{84 E HONSFUID

EESMEFGREE, SENEIGHR

Compressed gas stores energy and releases fluid
when needed.

AT hil. RS EEEFIIRIBKEN

Applications include make-up flow, emergency
energy and pulsation damping.

ERENAGEBED, HPpnieETEE

Pressure may remain after shutdown. Isolate and
depressurize before service.
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Hydraulic power and heat

Ph(kW) = p(MPa) x Q(L/min) / 60

Gl: 10 MPa x 12 L/min = 2 kW &EINER
Example: 10 MPa at 12 L/min delivers 2 kW of hydraulic power.

SHIGT I E LT S RS ES TR S i EE TRk immay = A
Required drive power is higher because of A pressure drop across a throttle or relief path
losses. produces heat.
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ZEEMENBPENRK

Basic hydraulic safety

01 FELEHEEDD, ZER, BHGERED

Stop and isolate power, support loads and release stored pressure.

02 HEREEERREIR, FrE=ERER

Use approved inspection methods. Keep hands away from fluid jets.

03 ®

R

EAEZBRIS, M BEMEZ ISR

Seek emergency medical treatment immediately after a fluid injection injury.

04 i8fE. FEMAEHSIIAREESI

Trained personnel must follow approved service, charging and setting procedures.

17

[ENFRAFERAT AT / Verify trapped pressure even if one gauge reads zero

1&84%k/E HONSFUID
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FHBIRNEHEE

Basic checks before starting

01 HiRk: BS, &R =@ESREIMNE

Fluid: grade, level, temperature and abnormal appearance.

02 &E#&: 8. &k HHEMRP

Connections: hoses, fittings, case drains and guards.

03 W& B AESARFREVE

State: valve position, emergency stop and personnel clearance.

04 REFEFRIAFED, iCRED. FESIE

Start under low load as specified. Record pressure, noise and motion.
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BEARRSHIELH

Symptoms and initial checks

ISR / Symptom aJg§ea M / Possible causes 57z / Initial observations

2R SR i : Vol e BN =
— b . MEAE. K. PmREH R, WAL BE
=){F8 / Slow motion Low flow, leakage, restriction Speed, valve state, temperature
e A e AR St
JIARE / Low force ENARE. SRR : Both chamber pressures and
Low pressure, back pressure, high load load
R/ Noise S, IRHES, AR L TRHE, 12
o Air entry, inlet restriction, mounting Level, inlet line, foaming
~ . SRR, DA, TR S, [N, S
1, ¥ ;.klﬁnuu,\ LR AN . WAEk. m. 1=
AR/ Overheating Relief flow, throttling, poor cooling Load, return flow, cooler
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Four common misconceptions

;% / Statement IETIRIERR / Clarification

EN#E, 1RE—ERR REFESRENENEIREG R
Higher pressure always means higher speed Speed mainly depends on flow and effective area
=] =T e BEENEHE, RERZEEMItREmN
IR =] G
fiﬁﬁl}abfmalﬁvixsdelivers the same flow Displacement is fixed. Flow varies with speed and
pump y Ieakage

Loads accumulators and trapped volumes may

Shutdown makes a line safe to disconnect :
retain energy

g e a T —fox B 7T &R/ N L SR
SRR — T Visual inspection cannot measure fine particle

Clear new oil must be clean P
contamination
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Knowledge check

01 RFE—HIBEEEE, NEREENERRSE?

For the same cylinder, which mainly affects speed: pressure or flow?

02 10 MPa {#HF=4 bar?
How many bar equal 10 MPa?

03 [IRHEIRSKEDEEERR—KHE?

Which valve commonly limits system pressure?

04 ERE, BEUEERIERED?

Where might pressure remain after the pump stops?
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MNUESEESR

Knowledge check answers

01 H=E: @HR—EN, v=Q/A

Flow rate: for a fixed area, v = Q / A.

02 10 MPa = 100 bar
10 MPa equals 100 bar.

03 i, QEERILESHEIRIA

A relief valve, with its setting confirmed against approved data.

04 Sfesa. ZRGHEIFNEIAMES

Accumulators, loaded cylinders and trapped circuit volumes.

{84 E HONSFUID
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Useful Chinese-English terminology

3 Chinese_ Engish R/ choee_Ergieh

Pressure = Flow rate
HEE Displacement HIE Back pressure
RIER Hydraulic pump RIESIA Hydraulic motor
TRERL Hydraulic cylinder R[] Directional valve
FaNi i Relief valve REIE] Pressure reducing valve
EA 0] &) Check valve i Accumulator
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Training recap

01 EHASBREREWA, RESERTZINEE

Pressure and area affect force. Flow and area affect speed.

02 RIHH, BiEH, HI3EHEERE

The pump supplies oil, valves control it, actuators move the load.

03 EEEAIERNEREHHSOH

Trace both supply and return paths when reading a circuit.

04 FEHRSEZREEBMIE

Clean fluid and safe isolation are essential.

1&84%k/E HONSFUID
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RIS HEEFS

Sources and further learning

01 EilEH: EEREREIIRE
Base material: the original HONSFUID course by David Wu.

02 [EEB55id: Bosch Rexroth, Parker

Principles and components: Bosch Rexroth and Parker technical material.

03 giE. lkEEREsE: HYDAC, Shell
Filtration, fluids and accumulators: HYDAC and Shell.

04 =E2: HSE SERISENMITLIZEE

Safety: HSE guidance on high-pressure fluid injection.

{84 E HONSFUID
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