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Hydraulic Systems
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\Vehicle Model - Brake Model

Brake Model

Font
Wheel
Brake .| Vacuum | Master N Proportionnig
Pedal "] Booster " Cylinder Valve
Rear
Wheel
Vacuum
Booster

Master Cylinder m / E

Brake Pedal
—

Fundamental structure of a hydraulic brake

Proportioning
Valve
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Conservation of Mass, Force and Pressure

m= Ui — Amo

< Slave cylinder
X2
Pivot

q Drum

1) Volume Adx = Adx,
—dx, = idx1

A,
i) Pressue p,=p,+pgh

i) Force f, =pA

f, =P A
A,
f,=—=1, R=F
A ( )
fszifz :ii fy
L, L, A
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Hydraulic Excavator

Swing(413])

A
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Hydraulic Brake Systems

\gs\g\‘;";\\:\ :. :

A\

Brake System

) Wheel Cylinder

) Brake Light

) Brake Pedal

) Rear Brake Lines

) Stop Light Switch (Mechanical)
) Front/Rear Balance Valve
) Pressure Differentiavl Valve
) Brake Warning Lamp

) Brake Fluid
) Brake Pad
) Master Cylinder

Spring 2014



\Vehicle Model - Brake Model

Brake Model

Font
Wheel
Brake .| Vacuum | Master N Proportionnig
Pedal "] Booster " Cylinder Valve
Rear
Wheel
Vacuum
Booster

Master Cylinder m / E

Brake Pedal
—

Fundamental structure of a hydraulic brake

Proportioning
Valve
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Applications of Fluid Power

Pneumatically controlled dexterous - Space shuttle Columbia
hand |

- Space shuttle vehicle

CRYOGENIC

OXYGEN/HYDROGEN

- FORWARD TANS ELLS
REACTION (OXYGEN FOR CREW
[os] COMPARTMENT

PSESSURIZED CoHTra L SR DEPLOYABLE
COMPARTMENT - Paneis
ART! FLIGHT  SUPPLY) PANELS

ET LIQUID
: PAYLOAD
o EA'5880s
MID DECK ::y_om
REW. e
INGRESS/ -
GRESS Ny < Fix VERTICAL TAIL
IDE. 3
HATGH ‘%’* PANELS ELEVON RUB PANELS

¥/ RUDDER/SPEED BRAKE

Y

5 :
RECOVERY A X 1
STEM M AT 4 - ELEVONS  SPACE
Laun N, <2 N - TR
HYDROGEN < 2 ERGINES
x ANK oy > g 3 (3)
REMOTE . \ & NP
MANPULATOR 7 SR8 /4 . i
ENGINE (2)

PROPE!
(NOT INSTALLED & CASING
FOR ST5-1)

RCS
ENGINES

RCS
FUEL  OXIDIZER
TANK  TANK

(TOTAL - 38 PRIMARY)

- oms : :
OXIDIZER ovs (TOTAL -~ 6 VERNIER]
TANK S o

TANK NozzLe

Spring 2014



Applications of Fluid Power

Hydraulically powered Sky-tram Hydraulically driven turntable

H'ydraulic por rsh\d
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SE H=0|0|E(Linear Actuators)2
—a 4

o O

Motion
Simulator Press

Hydraulic
Manipulators
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Hydraulic Systems : Landing Gear System

HAND
WINCHING

UPPER SIDESTAY
— . — MECHANISM

e
R g CK ABSORBER
- STRUT

SHOCK STAUT
SWITCH BOX

WALKING JONT
SE

Landing gear system of AIRBUS A330

BRAKE TOROQUE PLATES

Spring 2014



Hydraulic Systems

Hydraulic pump

P Control valve

Tank |——| // \\

Load

Hydraulic actuator (70~ 210bar)

F ::/\3'(F1'_'F2)
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Why hydraulic ?
Internal combustion Engine
Turbine

Electric motor
Hydraulic actuator
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Why hydraulic ?

1. smaller and lighter
horsepower to weight ratio > 2 hp/Ib
2. heat/lubrication — long component life
3. no saturation and losses
- saturation and losses in magnetic materials of electrical machine
- torgque limit only by safe stress levels
4. high natural frequency/high speed of response/high loop gains
- electrical motors, a simple lag device from applied voltage to speed
5. dynamic breaking with relief valve without damage
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Disadvantages

1. not so readily available

2. small allowable tolerances result in high costs

3. hydraulic fluids imposes upper temperature limit.
4. fluid contamination: dirt and contamination

5. basic design procedures are lacking and difficult, complexity of hydraulic
control analysis

6. not so flexible, linear, accurate, and inexpensive as electronic and/or
electromechanical devices

17



Hydraulic Systems

AFA
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Primary Functions of a Hydraulic Fluid

L_
2. LINES CARRY THE LIQUID TO
1. PUMP PUSHES THE HYDRAULIC ACTUATORS WHICH ARE PUSHED
LIQLTE INTO LINES. TO CAUSE A MECHAMNICAL CUTFUT

TO MOVE A LOAD.

— LOAD

TO RESERVOIR

3. SOME ACTUATORS OPERATE IN A
STRAIGHT LINE (LINEAR ACTUATORS).
THEY ARE CALLED CYLINDERS OR RAMS,
THEY ARE USED TO LIFT WEIGHT, EXERT
FORCE, CLAMP, ETC.
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발표자
프레젠테이션 노트
동력을 전달한다.
동력을 전달하는 매개체로서, 유압작동유는 배관과 부품내의 통로 등을 쉽게 흐를수 있어야 한다. 흐름에 대한 저항이 너무 크게되면, 동력 손실을 발생시킨다. 또한, 펌프가 시동될때 또는 밸브가 동작될때 순간적으로 작동이 이루어지기 위해서는 가능한ㅎ한 압축성이 적어야한다.


Conservation of Mass, Force and Pressure

m= Ui — Amo

< Slave cylinder
X2
Pivot

q Drum

1) Volume Adx = Adx,
—dx, = idx1

A,
i) Pressue p,=p,+pgh

i) Force f, =pA

f, =P A
A,
f,=—=1, R=F
A ( )
fszifz :ii fy
L, L, A
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Gear Pumps (External)

— fixed displacement pump

— uses spur gear (teeth are parallel to the axis of the gear)
— noisy at relatively high speeds

g, DUTLET PEESSURE AGAINST

TEETH CAUSES HEAVY SIDE-

LOARING OMN SHAFTS A% GUTLET
IMOICATED BY ARROWS,

3. AND FORCED OUT
OF PRESSURE PORT A5
TEETH GO BACK [MTO
MESH.

ORIVE GEAR

I OIL 15 CARRIED ARDUND

HOUSING [N CHAMBERS IMLET

FORMED BETWEEN TEETH, 1. WACUUM 15 CREATED HERE AS

HOUSING AND SI0E PLATTS . TEETH LIMMESH, OIL EMTERS FROM
RESERVOIR,
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Internal Gear Pump
-
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Internal Gear Pump

) ASE
GEROTCR ELEMENT Cast

FEMALE GEAR ROTOR

BISCHARGE PORT IMLET FOIRT
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Internal Gear Pump

OUTLET

Jsd

N

INLET
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Simple Vane Pump
-

OUTLET

cover—___MES

PRESSURE PLATE
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Balanced Vane Pump
.
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Piston Pump (Swash Plate Type)
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ROTATIMNG GROUR

SHOE PLATE
CRETEACTIMNG RIMNG)

SHAFT SEAL

SWALH PLATE

HOUSI MG

BEARIMG

DRIVE SHAFT

— -
SPHERICAL ] & '% Sl "
WASHER ™ R £ j; :
s e s LS |
PISTOMN SHOE
| \\ '
(5 I 1353 ol e o e .
FeEy: .- i, :;i.l L_"\ I!
n |
'|_ G
= i fQ
L

LE% ?I;‘*.CM\

SHOE FLATE

FIFS TRAMSMIT
SPRIMG FORCE

T SPHERICAL

WA SHER WHICH
1M TURR HOLDSE
SHOE FLATE
(RETRACTOR BIMG)
DUT.

Spring 2014



Piston Pump

Q = (No. of Pistons) x (Pistan Size) x (Pistan Stroke) x (Drive Speed)
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Pump

 SHAFT p
COUPLING  PUMP  TJT

Electric
Motor or
Engine

OIL LEVEL:

OIL TANK
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Hydraulic Pump

the heart of a hydraulic system

converts mechanical energy into hydraulic energy
&M CfF = B = = hydrostatic pump
oL 7| A, 8- Al (positive displacement) H =

. 8 2(Eot=e), SIAEL = A EZ(ZOH), S
Displacement (Hlj H| 2 &)

« the amount of fluid ejected per revolution

 unit: cm3/rev, cc/rev, cm3/rad, cc/rad

J_‘
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Pump S0 & 28t Torque
e Mechanical power supplied to pump
H =Tw
« Hydraulic power delivered by pump
H,=PQ
P : pressure rise across the pump
Q : delivery rate

- T HAANCREH

T,0=PQ, = Pa)Dp
Ty =PD, 17141 D, :38 3= v} A& A[m3/ rad]
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Hydraulic Motors and Actuators
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Hydraulic Systems : Valve-motor Combination

LT T nid

Spring 2014



Application of Hydraulic Motors

GREENLEE’
Y ENRMONY
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Gear Motors

4, THESE TWO TEETH HANVE QMLY
TAREK LIME PRESSURE OPPOSIMNG

3. PRESSURE BETWEE™ TEETH 1M THER

THIS SEGRMENT PUSHES BOTH WAYS

AMND DOES NOT AFFECT TORGIUE

A5 OIL 1S CARRIED ARDUMND TO
OUTLET

3. PRESSURE BETWEEM TEETH LM
THIS SEGRENT PUSHES BOTH WAYS
AMD DOES NOT AFFECT TORGIE
A OILIE CARRIED ARCUMND TO
OUTLET

2. SEGMEMTS OF TWO MESHIMNG

1. THESE TwW TEETH ARE SUBIECT TEETH TEMD TO OPPOSE ROTATION

TO HIGH PRESSURE AND TEMD TG WAKING MET TORGUE ANAILABLE

SOTATE GEARS 1M DIRECTION OF A FUNCTIORN OF ORE TOOTH.
ARROWS
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Gear Motors
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Hydraulic Systems : Valve-piston Combination

|

Valve-piston combination

£
Supply Return
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Hydraulic Excavator

Swing(413])

A
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Hydraulic Excavator
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Automotive Application

¥ Mid-Range Frequency Control

=1t Pressure
—4J-control

e 5
1 &)
AOULETASLE GAMAEH Nt 1.,;-1
:_.;.-JI" F-: i'.-_"_.:;.

®.

VERTIGAL AGGELERATION EENECA ACt ive

Suspension
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SE H=0|0|E(Linear Actuators)2
—a 4

o O

Motion
Simulator Press

Hydraulic
Manipulators
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Rough terrain forklift driven by hydraulic cylinders
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EEIA 2 (EFA) & TIAEY (EHFa)

. EtS#(Single acting) IE E‘

=S &E(Double acting)

- HZEFH(Single rod) | - f—pr—4

o2 S &(Double rod) -

B
il
fr
[
re
J2
|o
Hl
)
3
3.
o
I
o
3
=
>
2

o
T
-l
2
o
%
1L}
fo

- FAUEE/ S EE
- foot type
- flange type
- trunnion type — —u
- clevis type v MOUNT

Spring 2014



Double-acting Cylinder Design

LONG WEARING, DUAL PURPOSE “0" RING

CARTRIDGE TYPE, WITH BACKUP WASHER
BRONZE BUSHING ADEQUATE PORTING

STEEL TUBE

TIEROD CONSTRUCTION FOR
MAXIMUM STRENGTH

HIGH TENSILE STEEL,

SUPER FINISHED, HARD
CHROME PLATED
PISTON ROD

4 WRENCH FLATS

DOUBLE ACTING
ROD WIPER SELF-LOCKING TIEROD

NUTS

ASSIST OR PRY GROOVE FOR
EASY CARTRIDGE REMOVAL

LOW FRICTION, SELF-
ADJUSTING, LONG

WEARING, MULTI-LIP
ROD RACKING

ALL STEEL HEADS
AND MOUNTINGS

TAPERED CUSHION
PISTONS FOR SHOCK FREE
DECELERATION

EASILY REMOVED BRONZE

ROD CARTRIDGE— HELD

IN PLACE BY STEEL

.';STT“:‘_"'E";EE”E SCREWED MODIFIED U-CUP PISTON
PACKINGS

DUCTILE IRON PISTON, THREADED

AND DOWEL SCREWED TO ROD BALL CHECK “O” RING
SEALED
EXTRUSION PROOF
"0” RING
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Cylinder Construction

LA
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Hydraulic Valves
. WHo| Hol

- 8 X == 2l (fluid power source)?| S & HIgf,
72, 2= E Ho5t| fIotA 7[AEel 25
(mechanical motion)& Al-85}= AHA|

T (TAME) PASSAGE

"B PASEAGE
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Types of Valves: shearing elements

A__ - — land
i

(a) Spool {b) Sliding Plate

==

N

(c)Rotary Spool (d) Rotary Pla Rotary Plug




Types of Valves
!

b

{a) Ball

: seating elements

[d) Flapper - Nozzle
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HigkK| 0| B H (Directional control valve)

Directional Control Valve

2|2 oM Esi=0f mef RH2 B2 28

b ¢

SAND LN GROOVE BETWEEN
VALVE SPOOL LANDS COMPLETES
BLOCKS PASSAGE ,  p  /FLOW PASSAGE BETWEEM 4, 8
- TV FORTS =
§ . 3

L

-

[ F T

PRESSLRE T3 "B
A BLOCEED

GRAPHICAL SYMBOL

A B

—L/IL
T1 1T

PoT

)
T P I

PRESSLIRE TO "AY
"B BLOCKED
SLIDING SPOOL TO

LEFT CHAMGES FLOW
FATH
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Hydraulic Systems : Single Stage Electrohydraulic Servovalve

Supply Return

Schematic of a single stage electrohydraulic

servovalve connected to a motor with
Fluid motor with

displacement D,

Jy

inertia load
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Solenoid-Actuated Valves

Xz

Hx
f

=
~H

** Solenoid-actuated, three-position,

spring-centered, four-way,

directional control valve

{[[X}~

X Single solenoid-actuated, two-position,

spring-offset, four-way,

directional control valve

Spring 2014



Operation of Solenoid to Shift of Valve

1. WHEN COIL IS 2. ARMATURE IS

ENERGIZED PULLED AGAINST
PUSH PIN
ARMATURE COIL
\ PUSH PIN
-;3;' / L“‘—.J
s \ £ I| 4
SPOOL

3. PUSH PIN MOVES
SPOOL

Spring 2014



Hydraulic Systems

Fluid motor with
displacement Dy,

— Spool

( )
s
[’ P B I_,_._-r Permanent magnet
N = 5 &
Armature mounted on - | -
stiff torsion spring ~ !. I | . —+— Pole piece
- - a
o) e
s s |
2
= - Flapper and nozzles
y —l A/(I
-
s=al) )
|5
-F‘z‘ ————— ¥ o - B
v . ——— == = i e ——
0, - — Q;_ t
2 £ l ‘ .‘IQL i
Py Pq ¢ Py P, |
Supply y Return b Supply
0

Om

‘u'.." 1
S |I\
| |‘l

Two-stage Electrohydraulic Servovalve

—— Fixed upstream
orifice

Schematic of a two-
stage electrohydraulic

servovalve with force
feedback controlling

a motor with inertia load
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Solenoid-controlled, Pilot-operated Valve

Spring 2014



Servo Valve Structure

“*Moog 760 Series

£ H MAGNET UPPER
POLE PIECE
con FLeun
FLAPPER
LOWER
POLE PIECE
FEEDBACK
WIRE
’ -
“*Moog 30 Series
UPPER POLEPIECE
MOTER COIL '
ARMATLRE : .
FLENURE . HAGHET % INLET
SLEEVE € FILTER ~ / ORIFACE
FLAPPER -0 FEEDBACK SPRIMG *.@ 0?0:0.'0;0:.10:9:;-4 /
0 9.9.9.0.0 8@ 9.0 00000850 9 9.0 :.:.:..'.f'-’y
77778 VZZA WA YA W

NOZELE
QUTLET 1 OUTLET 2 ‘
TO LOAD TO LOAD
RETURN INLET
. . AL TO TANK SUPPLY
\  SPOOL \ AMPLFER PRESSURE
BUSHIHG FILTER
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Operation of Servo Valve

Coil

Armature

Nozzle

Feedback Wire
Spool

Filter

A

|

y

t

o

Wi

£

Upper Polepiece

Flexure Tube

Lower Polepiece

Flapper

Inlet Orifice

Spring 2014



Operation of Servo Valve: Torque
Torque Motor MOtOr

| W PERMANENT

MAGMET

——— ._I 'Il A
|

|
TARGLE TO K |[
WOTATE .-
ARMATURE

| Tarque Motar|

PEAMAMEN

MAGNET =i
EL ] Ol FLUY

“*Hydraulic Amplifier

ARMATURE

l.

IMLET FLEXURE ~—
ORIFICE SLEEVE

P = T

A

B NOTILE

| |_I'_ Fe
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Operation of Servo Valve: Valve
Spool

“*Valve Spool

SPOOL AT MULL FEEDBACK SPRING SPO0OL
- BUSHING

Walwe Spool Schematic
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Hydraulic Servo Systems
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Hydraulic Excavator

Swing(413])

A

Spring 2014



Hydraulic Systems : Valve-piston Combination

|

Valve-piston combination

£
Supply Return
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Operation of Solenoid to Shift of Valve

1. WHEN COIL IS 2. ARMATURE IS

ENERGIZED PULLED AGAINST
PUSH PIN
ARMATURE COIL
\ PUSH PIN
-;3;' / L“‘—.J
s \ £ I| 4
SPOOL

3. PUSH PIN MOVES
SPOOL
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Hydraulic Servo System :

—

Vi

P,

V.,

P.

1 AP
T AV

poa

AP =dP |

S dv

1 1

dp=-1.Lav -k tav
Y v

P 1

dt By

Compressibility

AV
=L _BAP
v B

1

where, S =Compressibility

PV =mRT

AV =V, =V, = —(V,-V,)=—dV

: Bulk modulus
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Bulk Modulus

HEEEH =
H =42 FE
AEELAH I 2 FAed 2 4SS 210 AN LFE D]
Jt I L.

___AP AP,
AVIV AV
MOl 20420 HHEHYH 4 250,000psi (1,720MPa)

== A== M & EHAE H =+ bl 2
[cm?/kgf] [Kgf/cm?]
MOHE=EL 6.0 X 10 1.7 X 10*
5.2~7.2 X 10° 1.4~1.9 X 10*

SIDA=S 5.0 X 10° 2.0 X 10* of 4
(MIL H 5606A) 40~60kgf/cm?
2U4E A2 5.0 X 107 2.0 X 10*
A~ 22|12 2.9 X107 3.5 X 10* 20°C,
W/O & oY= 4.4 X 10° 2.3 X 10° 700kgf/cm?
olALOIAH 2 3.3X10° 3.0 X 10*
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Piston
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Basic Modeling of Dynamic Cylinder

« Generalized Flow - Continuity equation

Ql—Ode1+V1 dR,
dt A, dt

0-0 _av, Vv, dp,
*odt B dt

_ v,dR Vv, dP,
Ql A1 ﬂe dt Q2 AQ +ﬁe dt
. Equation of motion Q| Q, T
1
5] LV
P M
dv — &
F)lAl_PZAZ :ma—FbV—l— fL V1 V2 IOad
A~ A, massm
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Hydraulic Servo System

o s o P, : supply pressure
%] N spool

N I Q1=Cd-a-X\/3(PS—Pl) [mZ/S]

\ p

QZ Ql
a:area gradient, x:displacement
servo | P P L p.density, C, :discharge coefficient
system - -
’ 2
- piston Q,=C,-a X\/;(Pz -R)

=C,-a-X gF’2 (P, =0)
\ o
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Hydraulic Servo System

no leakage, no compressibility

Q=Q — P-R=R - R=R+P

P =AP=P-P, > P, +P. =2P, P,—P, =2P,

R p PR, PR
2 2
2P, P,

Q-0 -0, ~Cax 2B R coufroR

Q=A - ‘;i’ C-xJP.—P,

dy

it =C-xy R, -P
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Hydraulic Servo System

%:c.;«/ps_q, Y=y4Ay, X=X+AX, P =P +AP

ﬂ:f( , +
dt OX

> |
o)
N

if x=0, P=0, =—=0
dt
ﬂ:C P, -x =K, -X
dt
STE=YB K
X(s) S
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Hydraulic Servo System

Flow equations :

Qn:cd(/swax)JE(Ps—P)
Yo,
P. : supply pressure >
Q12:Cd(Ao_aX)\/_(P1_O)
P, A P = i Q =Qu - Qp
Qﬂ:cd(/%—ax)Ji(Ps—Pz)
Yo,
2
,, = Cy (A0+ax)\/—(P 0)
Jo,
g QZZQZZ_Q21
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Hydraulic Servo System

Assume no leakage Q =0Q,
y=0,
b _ 1 14dv
dt BV dt
11

__Ev_l(_Ql)
y =0,
dp, 11 : dp, 11 :
B2 i@-Ay, P22 g+
m ﬂvl(Ql 2Y) it ﬂVZ(Qz AY)

Equation of motion:  my=A_ (p,— p,)—by
my + by = Ap(pl_ pz)
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Hydraulic Servo System Model

my +by = A (p,— p,)
dp, 11 ,
dt ,BVl (Ql py)

dp, 11 -
it _ﬁVZ( Q, +AY)

Q=Q,-Qu ={Cd (/%+a><)\/ % (Ps—m}—{cd (A)—aX)\/ % (P-0 )}

Q,=Qp-Q ={Cd (At ax)J % <P2—0)}—{cd (A- ax)J % (PS—PZ)}
Q1:Q2
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Hydraulic Servo System : Linearization

Q1:Q2 — Q1_Q2:O

C. (Awax){J 2 (Ps—Pl)—J Zp }—Cd (A)—aX){\/ Zp —J 2 (PS—PZ)}
p p p p

when x =0,

cdax{Jz(ps_m_szz +J33_J3<ps_p2)}

p P P P

+cdpb{Jz<ps_a)_sz2 —\/Epl+\/3(PS_P2)}:o
p p p P

To make an identical equation, P,-P,=P,, B=P.-P, = P =F+PR

_PS+PL _PS_PL
2 2

let P.=P+P, = P P,
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Hydraulic Servo System : Linearization

= C, (ax+ %)JE(PS ~P)-C,(A —ax)Ji(ps +P)
P p
Q. =Qu(x,R)
Operating point : x=0, p =0

Ql 681 XO'pLZO(pL_O)_*_”.

L

Q.(x, p.)=Q,(0, 0)+

x=0,p_ O(X O)+

0Q ’1
8—)(1 x=0,p, =0 2Cd -a ; Ps = K1
oQ 1
X= - C A\) — —K

5PL 0,p .= m 2
Q=Kx-K,p,=Q,=Q,

o dp, _dp, dp,
=R P dt  dt dt

Spring 2014



Hydraulic Servo System

my+by=AppL

dp, 11 ' 11 .
(0 -AV)=""TF(Kx-K.p. —A
dt ﬂV1(QL ) ﬂvl( : A
dp 11 ‘

=y KR A

Iet V1:V2

dp, 11 '
d—tL:EV_(ZKlX_ZKZpL_ZApy)

Yo _0)

( ):cubic equation form

X6~ 0)
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Hydraulic Servo System

Simplification : No compressibility, No leakage
my +by=p A

: 1 .
QLzle—szLzApy = pL:K—(le—Apy)

2

AZ
= my+|b+—" y:Apﬁx
KZ KZ

CY(s) . K
UX(s)  s(Ts+1)

_ KA, T_ mK,
Kb+A? Kb+A?
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Vehicle Stability Control systems
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1. Vehicle Stability Control

L1 Electronic Stability Program (ESP)

1.2 Vehicle Stability Control Algorithm
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1.1 Electronic Stability Program (ESP)

/ a “ \

A7 Zoi=0|
LIEH:E 3

é ESP7} &k|X| pi2 A&
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A 1: &gl 13 AlIAE

ct2td 5548 E 0180l HIOIES +*S0ot LAt 8tLl.

- IAE XA 150mm, 2 A2 85mmO| C}.
—- OAE ST 12m/min, IS AI2E2 0.45 O|CF.

— Al e Ol Ct.

- IAEHEH2 1000mmO|Ct

~ Hol2o 22 Ami&H&= 0.22 0ICH
- AelHo dHESE2 90%0|Ct.

T™

ol

F2 =20l A HIOIS

0

Hd&AD|I=0 2R
(1) &2

(2) 227 Q

Herel D RS Dot

r

[E4] (1) 5.48 |
(2) 211'9kg';4”/‘c';%2 p, Q

htable *
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\Vehicle Model - Brake Model

Master cylinder

Fluid Reservoir

Fout

Secondary Primary ‘
Circuit Circuit
e o 00 0 0 o o o 00 0 0 0 From
Vacuum

‘ ‘ Booster
To Brake Lines

e Equation of motion of master cylinder piston :

mmc ch — _bmc ch _ ch T Amc I:)mc + |:out _ Slgn(XmC)Floss

Xine = Xpp
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Brake System

Brake
Pedal

Vacuum

Master

Booster

Proportionnig
Cylinder

Font
Wheel

How a Master Cylinder Works

Valve

Secondary
eservoir

Primary

Reservoir

Apply Brake

Master Cylinder
|

Secondary
Reservoir

Secondary
Pistan

e

Primary
Reservoir

b ——

S

Vacuum Booster
|

Vacuum
Hose

Rear
Wheel

{©2000 How Stuff Works

w/o leak

How a Master Cylinder Works

Secondary
Reservoir

™~

Release Brake

s

(©2000 How Stuff Works

Secondary
Reservoir

WHI—I.',WII—I

Lines

™. Brake ]

Vacuum
an both sides
of Diaphragm

B P000 How Stuit Works

Lo Pedal

with leak

A pp——" 1 154

—

How a Master Cylinder Works

with a leak!

Primary
Reservoir

Release Brake

Master cylinder with leak

2000 How Stuff Warks

|
ta Master A
Cylinder

Vacuum
{Lower Pressure)

Atmosphere
(Higher Pressure}

P00 How Sttt Werks.

<.} Apply brake

Vacuum Booster

to Master
Cylinder

Vacuum
(Lower Pressure) Atmosphere
{Higher Pressure}

2000 How Sttt Works.
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\Vehicle Model - Brake Model

Vacuum Booster

FIRE
WALL

VACUUM
CHAMBER

CHECK

VALVE

(TO INTAKE
MANIFOLD)

PUSHROD
(TO BRAKE PEDAL)

TO MASTER
CYLINDER

Vacuum Booster Diagram
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\Vehicle Model - Brake Model

Vacuum Booster Control Valve Model

VACUUM APPLY ATMOSPHERIC
CHAMBER CHAMBER PRESSURE
// s
L I A
L
oo %

Control Valve — Apply stage

85

Spring 2014



\Vehicle Model - Brake Model

Vacuum Booster Control Valve Model

VACUUM APPLY
CHAMBER CHAMBER

GASKET

NN

REACTION
WASHER e e

N

DIAPHRAGM -

Control Valve — Hold stage
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\Vehicle Model - Brake Model

Vacuum Booster Control Valve Model

VACUUM APPLY
CHAMBER CHAMBER
7///
- - R
o o L
f :

Control Valve- Release stage
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