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Upon completion of this learning outcome, students or trainees will have the following
competencies:

1. Hydraulics working principle.

2. Hydraulics components.
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- Automotive braking system and Power steering
- Earth moving and excavating equipment.

- Hydraulic jacks Aero-gpace indus
- Hydraulic press and Injection molding
- Table and tool feeding mechanisms.
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- QURIANE IS Machine tools 20 - 75 bar

- HMINA Ship building 50 — 350 bar
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- gAIPUIRYRRIRYAgricultural industry 100 — 150 bar
- tagSaniauil Building machinery 100 — 250 bar
- IBWSMINEHY Commercial vehicles 100 - 300 bar
- {URH Press 100 — 500 bar
- 0 ﬁdj sﬁsgﬁ Injection molding machinery 200 — 400 bar
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mgﬁnéms. &.G.9-19: BASIC PRINCIPLES OF HYDRAULICS

LR fUti8Hydrostatic pressure’

The pressure exerted by the fluid on the bottom of the reservoir or at any points within the
hydraulic system, is the result of its gravitational forces and is identical in two vessels with
different shapes.
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(bar) 186U bar = 100,000 N/m?

gauInne

{redsifngih F = 1000N WGP IFIGIEAUSA = 10 cm? IR MBS iy
U182 1w 1 m? = 10,000 cm?

i A = 10 cm? = 0.0010 m?

I eGP &

po B 100ON - 00.000N/m2
A 000l0m2 . Y m

=10 bar (where 1 bar=100,000 N/m?)
ifhmswmanigipeifnginslaituiigigivsmeMAUIWMARLM?

IARRUSH A =5 cm?=0.0005 m2

a

(=}

i AP B
_F_ 1000N
A 0.0005m?
N
=2,000,000 — =20 bar
m
isfiro§mss

wasifngimisiinn stgimnGigigAusissimSMAUSWMARAMAIIN
e Shifisiginigny 1gig:vmnmoviisnsihwmimiugwighusiss
i Agihiglinnsmanugs

MIVMNSALIA
Hydraulic Force Intensifier
wasiinsimasinandmishibdspavginicuiminmigiihwans

maniighiniiunygi 1000N i SHSiHIE Druagh§o NEh{RinsSuMSMuIw:
aimanfisinhaigphigl AeuegGo

AE 000N —> 1]

2 |—> T 1000

16



spothannsishnwnmisuviinsiaisinisymanisuunsdidmnis
[RUGANG4 ﬁuig:m;nﬁﬁgmﬁmmﬁﬁ%ﬁmmﬁmgjﬁimmﬁﬁjﬁgﬁémﬁﬁjﬁgmn
IRVEGTUR Lﬁﬁﬁiﬁﬁﬁé%sﬁmé‘jmﬁﬁﬁ:ﬁ@ﬁ@ ﬁgﬁaiﬁmﬁiﬁﬁwjmmtﬁﬁm
ﬁgaﬁw%ﬁuﬁgwméﬁﬁgﬁﬁ%ﬁmm salgitjnﬁﬁﬁjﬁgﬁﬁ%

wasiBdsphuginmsindsig)und snvamiudEnAgshiuaiiiaag
siniinsigizu nginidnumsifagudo ﬁmﬁﬁm‘;ﬁﬁwﬁﬁafm@%ﬁﬁ |

Force
1000N
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wasibighusnfimséigum nyinidumsviimgihislitiuaibu
Motithh ygshiamd wibonmipisigivssinii-

Fl F2

wmmpisnmindninagfhummpisigivsninoma wasibighus
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SNUINN

F1 =500N F2=7
’i‘ A1 =0.005m? [ ] A2 =0.015m?
Py R (St ty Cy Ty Ey Tyl

reasiingih sooNpit S auinbigivSo.0osmasficsaiii o mnism
viinnyinigiiuahfvmnsnigisitumsigiuso.oism? 4

Force

Pressure =
Area

<=0
pe—y
a3

o F1__ 500
~A;0.005m?

=100,00 N/m?
or=100kN/m?

500 0.005
— =
F, 0015

- _500x0.015
2T 70.005
—F,=1500 N

mitRsiginistwnuinmsmadpdnnfniguisighfthimipuig b
MENHAT GG UOSITREINHIN SUINAT1500N (Hims i wilwagi iy

i:AgingUgjiaraghiGonimsMAUSWHAHY 500N 4 MIBANNHS

F, 1500
P ~0015VM

=100,000N/m?
P=A_1=A_2
Fi 0.005
— =
1500 0.015
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5
)=500 N

—F,=1500x (0_015

imuminnywig)aismsmadninumnisigiaisnginisinhpigifia
AINESMIB WG IS 6 U IR UTHIm

mijjusisioaghitunsoinmanuisngionnpi 9 191 manisiub
Neuagifu wpongiuamywisunsuopiigioagifoq suinuhywmnins
sinanisswismwigidninmwioghfui omamisvTnaniaando
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gsrummpuninmis oSt pignvvAHORYwAnI{RINS
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The typical application of Hydraulic force intensifier is hydraulic press as shown below. An
available pressure can produce a greater force by increasing the working piston area.

1. Working piston -LL

2. Workpiece

3. Shut-off valve

4. Tank

Hydraulic Pressure Intensifier
Ruaniiisigigampinsapuinwingw Ganmuvmisinwns
ﬁﬂmﬁniméﬁﬁjﬁghg‘iﬁﬁi) WA sy p1HInSUINMUBIEAaaTM A1 191
ngiF [Him smijmgjh iwi§angmanbig A1 9 aginis:pin sv@sxﬂﬁm
ardigRig) s inwiiiwhifaongmnibighaagh Azmﬁﬁmsmﬁjémpz A2
Ltjimsm%ﬁﬁméhmsétﬁ%gtjﬁmm |
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Fi=F5
—PyxA1=PyxA,
Py Ao

Py A

=] k)

isinhmdndginanuiaoms (1 84 p2) BrumspumauisiSnigius

a

9NUNINN

wasiflwandiscomuginubigius AL = 100 cm? 811 P1= 600 kPa (6 bar)

GINANS P2 [ SiIGIGRUS A2 = 10 cm?
P, A, 6 10
P, A P, 100
100
10

—P5>=60 bar

—P5>=6x

Incompressible liquid flow

NGO U I aNImgng

(=1 =

N SHIMBU)ITIRG Inumohaomsnhgulfipdn:

TN ANH{GU)E (Q)
phasuTmanisvimanniguuigamaignghmamaanaistnighnnm
i i wpinsmihwisnum Qv anmyufsisamiv)ivimnon Q &
WRRUANEWINE m¥s ymsT) 9
tmﬂ sisciut (v)
i wanpimsmunsm wj)s isspmgnisughmaigamAanais
Sndgw iwipimsdamihwidnamuygm v 9 inmyufsis v fm
WRaNgWING (misymsT) 4
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ﬁ:ﬁ@nﬁmimﬂsismmsiﬁjigﬁgﬁﬁnﬁ% Howuiafvimnigidansnom
pisigRghmiiginuyuInidvImanifni NASHMYWHna < 18:4

inwaninminfiniini Satnh4 mﬁ:imi]smﬂmmﬁts:ﬁﬁﬁmﬁﬁjﬁ%s

U s

tmjsmgais U ngbigaghmaging -

H{MB I UUYI(m)

nAmRIsERMANAG UUIMUINLTDAMGIMAiEAgAMAM AN
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b a

st iwpimsmbin wiSiam m 9 dnmyuhsis m AR gjiMunh
gwinG ko/s Y kgs™
gpUAfHEmUIvTnAN (uSmismivg)

3] 1

unsinhpatndinmpiiduyguihwisinfignghmnag

aIMANIATR AT SMBUINTMSIS Sig:uTmaNGomisHIMANIHIMS

HIMUUITTN AN Q [HINSANNKINWUTHNANN G (V) i} m® GHYWAHRN
NN (f) i s 9

Flow rate (Q) = volume (V) / Time () Q=V/t

bl U

ARINUMGWNISSHM GU)IVTNAN Q MENSHATISHIFAFHME (A)
§mmi|s%snhm (v) 1 juBghs
Flow rate (Q) = cross-section area (A) x velocity of flow (v) Q=A x v
IS UUITTm AN Shisnnmigigngamainmag gig:
waisifunsighusgumningim AL 83 A2 imjjsiﬁmiﬁmﬁﬁ vl 8% v2 §h
matusHuiiSmeuugs
Q=A1xvl =A2xVv2
aBmiissipimsinan M udmismivgiu)i 4
gnunIAngo:
aimgNIUMBGAY 001 m iFRghMARLIA])S 0.2 mis 9 1] sfui
muhinmipasibignghmaHin SMAUSWHR{RY 0.002 m2?
il

A,=0.01 m?, v,=0.2m/s
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A,=0.022 cm?, v,=?
Gigw

A XV =4, X1,

—0.01x0.2=0.002%v,

aniin§us
tndumsEnmsigivsijhmisiigniie Lﬁﬁ"jsﬁimﬂsisﬁﬁm%gﬁﬁ@
IR SHRAEH 120mmi 5.31 m/s aguiaghing

) UTOANHE UV Q)
i) H{MBIIUU)i(m)

i) wgj] sisebup@nistignf 2 9

v2 vl
Section 2 Section 1
$200 mm $120 mm

GIgWw
fudnnmAnsopindighigimanm s upominnn

{0 WingHis:

D
i) D;=120 mm=0.12 m—>R1=7]=0.06 m

A, = 7 x R2 = 11(0.06)? = 0.0113 m?
Q == Al X Ul

=0.0113 x 5.31

m3
= 0.06—
S
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i) p = 1000 kg/m3(HHAIHNEN)

and mass flow rate = (density of liquid) * (volume flow rate)
m=pXQ
m=1000x0.06
=60kg/s

. . _D2 _ 2
1i1) D,=200 mm=0.2 m—>R2—7—0.1 m

A,=nt(Rrx2)?=rx0.1>=0.0314 m?
Q=A | Xv;=A, XV, or Q=A,Xv,

Axvi_00113x531_ o om Q_006 _
A, 00314 s’ V2T A, 00314 B

[UIA S UM ani
WS UM ENINIIING - UUIMBigjuH (Laminar) 81 TU)I{BYR{BU I

Vo=

Laminar (Streamline) flow
mﬁmsjﬁmnm%ﬁmtmjs SuaumnisHymani ignghmanmyuwis
Gnatahs iglinisinhns i dis sy
13:N S S W UVIUSINWHNSMIRAYIME I AGRINIGU) juRis
anmanfisint8nigistnihwd bndsn iiwanimaniigiianamuism
U)ighmAing sHtn

5U)I Laminar B UU)IRE TN
minauimInfanuigng
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Turbulent flow
mﬁgmmﬁmsjﬁmﬁumﬁmmﬂsgﬁ'ﬁsn‘fﬁm INWANIMIGHUMARGING U
NP QUG shiRimIghmaanImaniigu ydsig)hns mitnimud umi
swosisHpnintnd Siminaoyimuaisduidaodljssionasumapyn
(600 Wi giaiin sig) ashi g
BUIBYRBUNIESIBSMUANM M IFNTPASMNAN]Y hSMI
vinfingas Shuinidnggs imiGspisHsdniai

hunuHR LA

4

SunnuuisipigHEnmsiign ¢

Potential Energy (Gravitational Energy) — En
igsimunitunsihwaniniyaissmynisuanshigiSndanoiuniywsgs

Kinetic Energy (Hydrodynamic Energy) - E,
igsRmunuis mmmmmﬁmimﬂ STSANIMAN

Pressure Energy (Hydrostatic Energy) — Ep
ts:ﬁmmﬁnnﬁﬁmmmmwmmj@ﬁﬁmmt;ﬁﬁn&‘1

18NSR (Bernoulli's Equation)

>

B mMITUAY Bernoull IR IUIBNAITSpASATR MRAMMisUMupisHunugind iwiw
ishinisnnmywibu)i pasitmimauiSs{pimsAng

=

aISMITuaT Bemnouli IEYjuINMASBNUMIUE ¢

WU E = Ep + E, + Ey =181
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E=P+G)><p><v2+pgh=itii

it
p =BAAIH iSaNIMHN

g = wg:dnminsd = 9.81

v = Ingj| s uianImAaNi
h =fgaoisuu)iGn
Swnsisansins uis

1 1
E=P1+<§)><p><v12+pgh1=Pz+§><pvzz+Pghz

Tutorial

Ayl 1000N AndiGaongmnibiaahidum SHRRGH 30mm IHANS WHBRHD

M (bar)41 IIAHFUM NNHINEAYIN 1N AnwifongmanbiagifoldumsHings
45mm 1 Lﬁffi'sﬁﬁﬁﬁﬁﬁ%sﬁmmﬁﬁwﬁ 75mm aJBTegHIn A éﬁﬁgﬁhiﬁmtﬁﬁjﬁgmn
UUREVEVEIY §ﬁmimﬁﬁﬂﬁﬁéﬁ§ﬁ 50mm gmmﬂs 2.1 m/s 9 ieghin UTNANHIM
U)inl m¥s SUHIMB VTS UU)IRRT kg/s

§ﬁt}]§mﬁfiﬂﬁﬁ§ﬁ§ﬁ 250mm gmmjs 570 (U{§i/$5 iﬁ;mﬁtmﬂsﬁﬁtmgﬁﬁnﬁﬂ

N UYMETARTEUMARERREH 200mm 161 200mm HHE{N 3 m*/min %ﬁ;ﬁiﬁtmﬂs%s

vl Q=3 m3/min v2

Section 1 Section 2
$200 mm $100 mm

npisipatodizusagatnhs (7) #RHGH 200mm8H (8) HYHEH 100mm*]

HM o UiGn muiw:TnAvhiinid uuinmasunimui 20 kg/s 9 1 () BNAT v

i m/s 84 (b) HRHEH d fid mm 9
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Vi\ Al= 'il A2 =

o o

2) wasiBiwaghithhisumngihmsiy AL =150 cm? 81 P1= 500 kPa (5 bar)
ifi P2ty S [peaisit A2 =15 cm?

GISWAY ¢.6.9-V
1. ngihisiasari§F,=50N 811 /01P,=5000 kPa

2. INfUMINNP,
P, A, 5 15
P, A, P, 150
P. 5% 150
- = _—
2 15

- P, =50 bar
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aI§ANAMS. ¢.0.9-m: Yyl s{Anwagiinhimihwiiuh (BASIC
HYDRAULIC SYSTEM)

Basic components of a hydraulic system
wagdithimI wiphn S M UM HEHM

RESERVOIR
RISHIAN A NIMANITUAIR{ETR

PUMP

iy Sunimnngimupigigh g
FILTER

ifgjwngld A% Sumadnigh Iismianimang
PRESSURE RELIEF VALVE
mimifgaommifsigjigaing

ACCUMULATOR

MEHINE SIMIMIMAEIELONEANMNIN SHhisang
CHECK VALVE

AONAEAITE IMEiE R

PRESSURE GAUGE

GMIATMS

FLOW CONTROL VALVE
igfuqneupanmanigligg]ng g

ACTUATING UNIT
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reinminigwagsislinudidhimnhwaimanigms m sHE o

N

PIPING OR TUBING

i muianmaniigimeigaigm g
HYDRAULIC FLUID

v smgm nigli)ig g

Hydraulic Power Pack

ISHNUENUATHGAGURPHRIMSHtIMS Shinpaun s upimioinsUa AR b

RNURNBAUHFGRNS (g UAEOn §EnngioiRo ghanipy Shwug:Bsiinumn yaini
i )
Ay«

- ".’,‘"'; TTIiEnTI e ey el 3 ) : e
ARy

1 — Hydraulic pump

 Fluig indlcatlon\ré. L P 2 — Electrical motor

' . \__} 3 — Coupling shaft
' E;j 4 —Pressure Relief valve

4. —Reservoir
5 — Return oil flow
6 — Complete symbol of power pack

P

AgiinuipRvimipigipdnmsnanhngn ShviiamangAmigis

< 4
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wasiigswmniomis NEMGEUTMImSMnis: hualh s wiuhs
ndsmoditnimim sty :is

=
_ane

ANIMARGAMG{RIN SWHIGMMUIRMIHS:
Strainers:  IMUMAMRGIZUHSEUIGmY 25 B
Filters: wpumalagssidumsuiiicma 25 B4

9

Magnetic:  adfumann I idufingihgmsiip:
wsiianjynpudssmpmsidungigipinsids
Suction filter

Nt s HigiMisITnSNySINUYEY A WwMIMig i wwimAHE I16Mysinuhig
ﬁﬂ'jfgi'j(pump)"l

SuctionFiIte\ -

Pressure filter (In-line filter)

RIPRAITNG (RRUH) [pimsiAgial)finaas fumasjiswis hipn

ANIMERGAN IMIPS Samimimamamimn [y«

Pressure (In-line)Filter

==
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Return-line filter
BENRSUUATRIN SMAISIHNIA] FUSTI UM ANIHSUIFTINATR
i DO UwRmMnRgHRISIANTASHSINUNGIFIHRMBEATRITTN

Pl :":I
G T

o T B
L .
Oy

Return-line Filter

Hydraulic Accumulator

yeinnuAI gt

INGANIMANIAE ORISR EIU)RENEAgIHIMIN
Jwevypuwhmit:sishgpinupivimipig

vin smf{mﬁgm{pm

Spring loaded accumulator.

—

Spring Spring-loaded

accumulator
Piston symbol
A . Cylinder
Body

Fluid i ‘:. Fluxd to
From - . Actuator
Pump

Spring-loaded Accumulatoer

SURIANGHRTEN W accumulatorN 8 A G4 agdidumoswinmse Sufqwigiv 8§
wiginginnginigghisuuamugimsamnni< ishnuigduanimaniinsyugn
16114 accumulator (R SAANKTRN WHIMUINGIS S NI

Air-bag accumulator

The air-bag accumulator consists of a synthetic rubber bladder inside a metal shell.The bladder is
filled with compressed gas. A poppet valve, located at the discharge port, closes off the port
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when the accumulator is completely discharged.

sfwhwaly ¢.6.9-m

Synthetic Rubber
Bladder

Steel Shell«-\‘T

Poppet Valve

Fluid -f- Fluid
From ~ S L = . To
Pump

Actuator

Bladder Type Accumulator

1. [MUIN: I MASH 93

GISWALY ¢.6.9-m

Motor

Pump

TebE R v
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Tank




NSﬁﬁﬁH‘IS. &.G.9-G: HYDRAULIC RESERVOIR AND FLUID
Oil Reservoir
hAMAEIMIYURNSISUNSUMMUR IR VI N IR M ENTSUA S W
wsmapmn Shfwipspimshaigiiisina (ghigph)
Function of Reservoir
. iuHJLUHEUw Shinp gAUuISTERUTUN MY
. priuh igiRaRimnuomwisuis
. Rgitiuang:iuy ﬁﬁtmnﬁmms
o INPNWAANARSALGS
o QUIRNUBIHWISTA mn[pnumﬁ
o NMIGAHSONAZISA mLEn SHURESNUAS IhwanimiTAn aidwaiglY

H_',‘; (Z?

Size of Reservoir

sUisahaApinsANNAWEIMEMoRANS Y thgiianmuf it sAthans
SHYHIRU il m BiisuTe ANSURIR IS ﬁjéqam GRONH B/ §4 ghinig)a hs
Swin vTmangiatinuifidiis(ghyy (Pump)djdidhimits:iamn m 154

SUIgAA = fzfmmergﬁywmgxm
APaURphgASsHIRNG: aUINAISpRAgRInuEhuR MR UG wiueoMSHEA

N2

gruisyy SW%]H]SUH{]UTLU&Q iAnigag v :AgUShpins amuuiFakyy

-—nb

3

v

Essential components of Reservoir

AR MOUNTING PLATE

OIL RESERVOIR DRAIN SREATHER FOR ELECTRIC MOTOR
RETURN. AND AND PUMP
‘ RETURN LINE \ | MLET FILLER
Symbaol SEALED FLANGE 2 LD '
l | SIGHT GLASS
=" Q\%
BAFFLE
PLATE
. CLEAN-OUT
PLATE-BOTH ENDS Straine PLUG
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MAQNMYAC NGNUNUGRAIUNRS
« Suction gauge - I §h &5 iYL
e Air-breather - IRHjHS A 2 TSI AR GH EgATURUIG]

o UTUNAESY

e Oil level gauge - IﬁHJmSTmSanLUnﬁﬂimnﬂfShWnSﬂmUﬁJmuanf{g”a )]
NN USRI

. U§: Baffle - Nimaigapguuaimbigatagu iscmesionida Shinminumis
simani Shesgnadguitumipiuhncion s Miguahmimpaimaniis!

ﬁ?ﬁﬂu{]mmiﬁjﬂ

e Cleanout cover - IR 5] 2/ SMNM WA VAR MY ATH I AIUNY

. Fi||er/8trainer-ﬁtﬁajwﬁﬁmmﬁﬁtgﬁﬁégﬁhﬁf{i m B4 ImmaNRIdsinw
GRS ARUASIgIHIM Y Strainer BafUMAMGAGTY (Ve microns ShgaTmRis:)
ttﬁwﬁLéﬁﬁmLmﬁmﬁn?ﬁﬁﬁm

o UNR[HSIU / YU (Return/Suction pipe) - ST ANIMEaNToNonUiwh Sk gt
mshaghiymunBaiuhSisiigna ignfﬁsus baffle

e Drain plug - hmmwmsmmsﬂtmu ansauiEaisEiygn igameisgian
madspimsmdmwnsguioisiyih Unﬁﬁnﬁvm jqjﬁ AYOAGMAGH |
BTN UM NN WY TSMIWAIGM

e Feet - GhagapihAIshiGididgignimigdhitiuyl ShoiggjniuuEpthad hA
mimin ccljrrosion ISliymuni fgﬁﬁ

<

a

Hydraulic Fluid

Function of hydraulic fluid
« iRgjumsthynufiuan (YY) 1gloutput ( actuators)
gifnuigam o ain

M AUAIANUANIAI

w

[ ]
-—r
0o 0o
[}

[}
-

Types of hydraulic fluid
9. {URRSS: (NUARDAIGMAL) [Petroleum oils (Mineral base oil )]
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wsaiginatsa Shmoifupiminnuisuymnuianpnnggidly hmoifnshyw
[UsAgSealmaifs GigMoIB: NS

o uaESERIAh (upw u/ER ySanuh )
e Water emulsion (oil in water emulsion) S Water-glycol (water in oil emulsion) AR
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Property of hydraulic oil

Viscosity
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Effects of too high of Viscosity
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Effect of good quality of hydraulic oil
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Hydraulic pump

External gear pump
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2. and are forced
back in at outlet.

VALVE PLATE SLOT

PISTON SUBASSEMBLY

OUTLET
PORT

SHOE PLATE
(RETRACTOR RING)

CYLINDER BLOCK BORE
1. Pistons withdraw
from bore at inlet...

Rating of hydraulic pump
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Pump efficiency

Volumetric efficiency

It is the ratio of the actual output of the pump to the theoretical output. The difference is usually due

to internal leakage.

Overall efficiency

It is the ratio of the hydraulic power output to the mechanical power input of the pump. The

difference in power is usually due to wear and friction on the mechanical parts of the pump.

Selection of hydraulic pump

Factors to consider in selecting a suitable pump are:
e maximum system pressure required.
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e maximum peak flow (for variable displacement) or average flow (for fixed
displacement)

e speed of drive shaft

e pressure pulsation and noise level

o efficiency, filtration required and oil viscosity.

Cavitation

Cavitation is the formation and collapse of gaseous cavities in a liquid, particularly inside apump. These
cavities are harmful to pump’s life in two ways:

they interact with lubrication.

they destroy metal surfaces.

O)," //:.
Bubbles On 0 ’/’ ’
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Cause of cavitation

Cavities (gas bubbles) form with a fluid because the liquid is made to boil. The boiling in
this instance is not caused by heating but is brought about by reaching a low absolute
pressure, i.e., liquid vaporizes in a vacuum.

The actual cause of cavitation is too low an inlet line pressure (high vacuum) which can
be brought about by:

e Driving the pump at too high a speed
e Too much resistance in the inlet line
e The reservoir oil level too far below inlet line

e Too high an oil viscosity

Indication of cavitation

e System is noisier due to the collapse of cavities.
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e Decreased in pump flow rate since the pumping chambers do not completely fillwith
liquid.

e System pressure becomes erratic.

Harmful effect of cavitation
It caused erosion of the metal in the inlet of the pump. The pump’s life will be reduced.
It speeds up deterioration of the hydraulic oil.

with cavitation, there is a decrease in pump flow rate and erratic system pressure.

Prevention of Cavitation
e keeping the inlet clean and free of obstructions
e using as large and short an inlet line as possible with minimum bends
e avoid excess speed of pump.
e charging the inlet line of the pump

e use oil with recommended viscosity.

Hydraulic motor

Hydraulic motors operate by causing imbalance which results in the rotation of shaft. This
imbalance is generated in different ways depending on the motor types.

Hydraulic motors are positive displacement devices, that is, as it receives a constant flow offluid,
the motor speed will remain relatively constant regardless of the pressure.

Hydraulic motor, basically a reversal of hydraulic pump, converts hydraulic energy into
mechanical energy.

Hydraulic motor can be a uni-directional or bi-directional. Below are the symbols to represent
them:

Uni-directional Bi-directional
Hydraulic motor can be classified into:
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External gear motor

A gear motor basically consists of a housing with inlet and outlet port and rotating group
made up of two gears. One gear, the driven gear, is attached to a shaft which is
connected to a load. The other is the driven gear. In operation, the inlet is subjected to
system pressure and the outlet is under tank pressure. As the gear unmeshed, an
imbalance occurs, and torque develops which results in the rotation of the shaft.

Housing

Ialet— ——Outlet

Shaft

Gerotor (Internal gear motor)

A gerotor motor is an internal gear motor with an inner drive gear and an outer driven gear
which has one more tooth than the inner gear. The inner gear is attached to a shaft
which is connected to a load.

The imbalance in a gerotor motor is caused by the difference in gear area exposed to
hydraulic pressure at the motor inlet. Here, the exposed gear of the inner gear increases
at the inlet. Fluid pressure acting on these unequally number of teeth results in torque at

the motor shaft.

Port Plate
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Vane

The rotating group of a vane motor basically consists of vanes, rotor, ring, shaft and a port
plate with kidney-shaped inlet and outlet ports.

The difference in vane area exposed to hydraulic pressure causes an imbalance,resulting in
the rotation of the shaft.

With the rotor positioned off-center with respect to the ring, the area of vanes exposed to
pressure increases toward the top and decreases at the bottom. When pressurized fluid
enters through the inlet port, the unequal areas of the vanes result in torque being
developed at the motor shaft. If the torque is large enough, the rotor and the shaft will
turn.

Vase Ring

Shaft Rotor

=)=
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Piston

The rotating group of a piston motor basically consists of a swash plate, cylinder barrel,
pistons, shoes plate, shoe-plate bias spring, port plate and shaft.

With the swash plate positioned at an angle, when fluid pressure acts on the piston, force is
developed which pushes the piston out and causes the piston shoe to slide across the
swashplate surface. As the piston shoe slides, it develops a torque at the shaft attached
to the barrel. The amount of torque depends on the angle of the slide caused by the
swashplate and the pressure in the system. If the torque is large enough, the shaft will
turn.

Swashplate Cylinder Barvel

Swashplaie Shouplate

@_ _D? B

!'hl-- Pisten " Shosplate c-
Plas Sgring

Rating of Motor

Motors are usually rated by:
Pressure:  measurement on the intensity of force

Motor displacement:amount of oil needed to complete one revolution on motor.

Torque: the rotational force required to turn a motor

The higher the pressure or the larger the motor displacement, the larger the torquedeveloped at a
motor’s shaft.

Type of torques

Starting torque: it indicates the amount of torque which a motor can developto start a load
running.

Running torque: it indicates the actual torque which a motor can develop tokeep a load

running.
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Pressure and Torque computation

Shaft speed and torque output are important factors in motor selection since hydraulic motor can
not operating at all conditions.

To calculate motor speed:

rate (2
mins

. m3
Displacement (%)

Shaft Speed (rpm) = Flow

Q

~ Displacement

To calculate motor torque:

Pressure (%) * D

21
Displacement

Torque (Nm) =

T=Px

2%

Example:

A motor with a displacement of 0.005 m3/rev is running at a flow rate of 1500 I/min. Calculate
the motor shaft speed in RPM.

Since 1000 liter 1 nt

7l . _ 1500 m3 _15m3
owrate,Q = 1000 \rev/ " rev

1.5
Shaft Speed, N = 0.005 — 300 RPM

Example:

If a hydraulic motor has a displacement of 0.008 m%/rev and requires a pressure of 35 bar to run,
determine the torque exerted on the motor.

Since 1 bar = 100,000 N/m? = 10° N/m? Therefore, Torque= (35 x 10° x 0.008) / 2n

= 28000/ 2t = 4456 Nm

afwhwaly ¢.0.9-d
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1. What are the considering factors of a Hydraulics pump?

2. A motor with a displacement of 0.005 m3/rev is running at a flow rate of 1500 I/min.
Calculate the motor shaft speed in RPM.

GISWALY ¢.G.9-d

1. Pumps are normally rated according to several factors:
e Pressure rating: maximum operating pressure

e Flow rating: the output flow at a given drive speed.
e Drive speed: maximum turning speed
e Power rating: maximum hydraulic power or electrical power

2. Shaft speed = 300 RPM
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ﬁISﬁ ﬁﬁm S. %.6.9-9: HYDRAULIC VALVES AND CYLINDERS
Hydraulic Actuator

The function of hydraulic actuator is to convert hydraulic energy into mechanical energy,
whether in linear (mechanical force) or rotational (Mechanical torque).

There are two types of hydraulic actuators.
Linear (Hydraulic cylinder)

rotational (Hydraulic motor) as described in chapter 5.

Linear Actuator — Hydraulic Cylinder

A hydraulic cylinder consists of a cylinder body, a movable piston and piston rod attached to the
piston. As the piston moves in and out, it is guided and supported bya removable bushing called
arod gland.

There are three main types of hydraulic cylinder.
Single acting cylinder

A cylinder in which fluid pressure is applied to the movable element in only one direction, the
force in other direction is either by spring or the external load.

A A A
T
VoV

Double acting, single rod cylinder

A cylinder in which fluid pressure is applied to the movable element in either direction. It has
only one piston rod extending from one end.

' alram——
| [H!
JD *W ffz')

Double acting, double rod cylinder

A cylinder which has a single piston and a piston rod extending from at each end.

51



Cylinder Rating

The rating of cylinder includes its size and pressure capability. Principal features are:
Piston diameter

Piston rod diameter

Stroke length

Cushioning

To protect against excessive shock, a cylinder can be equipped with cushions. Cushions slow
down a piston movement just before reaching the end of its stroke. Cushion can be equipped at
either or both ends of the cylinder. A cushion consists of a needle valve flow control and a plug
attached to the piston.

As the piston approaches the end of its travel, the plug blocks the normal exit for aliquid and
forces it to pass through the needle valve. At this point, some liquid returns through the relief
valve and remaining liquid ahead of the cylinder piston is bled off through the needle valve and
slows down the piston.

In the reverse direction, flow bypasses the needle valve by means of a check valve within the

cylinder.
| ! | . |
| N | [/ [ |

[ I I [f I

Without cushion with cushion on both end with adjustable cushion

Hydraulic Valves

Valves are essential in all fluid control system to take care of the pressure and flow. Based on
their function, valves cab be classified into four principal groups:

Directional control valve
Non-return valve

Flow control valve
Pressure control valve

Directional control valve

The function of directional control valve is to control the fluid flow in hydraulic lines and to
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start, stop or change the direction or motion of hydraulic actuators.

L
A 7 v f] .
N £
F. N\
af @

The application of 2/2 way is to shut off and open lines of hydraulic.

The sliding spool (part 2) of the valve shut off the flow from P to A in neutral position. When
the lever is actuated, the sliding spool releases the passage.

2/2-way control valve

(= o B oy 1]

form P-A. Once the sliding spool is released, the compressed spring returns thespool to its
neutral position (inlet P blocked).

o
A f '

i
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3/2-way control valve

The 3/2-way valve is used to control single acting cylinder or as a triggering signal, like start

Ag

2l L[N

oo

_ T
switch.

The sliding spool blocks the inlet pressure P in the neutral position and opens the return A —T.
When the lever is actuated, one metering edge closes outlet T,then the other metering edge open
P-A. Once the lever is released, the compressed spring return the spool to its neutral position,
blocks inlet P and open outlet A-T. Leakage oil is removed by drain line L.
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4/2-way control valve
functional parts:- [E .
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The 4/2-way valve is used to control double acting cylinder or any bi-directional actuator.

In neutral position, the valve is connecting inlet pressure P to port B and open return line T to
port A via an internal line. Once the spool is actuated, the flow from P is diverted to A and B is
being directed to T. The flow will be resumed toits initial flow after the spool is return to its
neutral position.

4/3-way control valve

AgqB Ag o B
T l 1 X‘ Recirculation 11 Blocked
= el A
= T PééT

The 4/3-way valve with a recirculation center position (P-T connected) and that with a blocked
center position (all ports blocked) both make it possible to stop the power piston in any desired
position, although this action is abrupt. The use of valve with recirculation center position with a
constant delivery pump lead to almost no increase in the fluid temperature. In the case of
blocked center position, the flow is returned via pressure relief valve.

A, .B A, . B
T l u X‘ Cylinder lines T l ._i X‘ All ports
;
poedT connect to tank po o

The 4/3 way with floating center position enables a soft shut off when stopping,however, the
overrun of the power piston is considerable.
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5/2-way control valve

I

The 5/2-way valve is used to control double acting cylinders. Each port to an actuator (A and B)
has its own return flow (through R and T respectively). Thus,the fluid returning from the
cylinder can be used for other control purposes.

Non-return valve

Non-return allows flow only in one direction and blocks the flow in the other direction. The
best example of non-return valve will be the check valve.

Check valve

If the inlet pressure at A is higher than the outlet pressure at B and the nominal pressure, then
the check valve allows the flow to pass, otherwise it blocks the flow.

O
W77z L
P I /‘ ANy ] 8

Check valve with pilot control

o+MO—1©

If the input pressure is higher than the output and nominal pressure, the check valve opens.
Otherwise, it is shut. In addition, the check valve can be opened via a control line, allowing flow
in both directions.
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Flow control valve

The function of flow control valve is to regulate the volume of flow, usually by throttling or
diverting it.

Throttle valve

A B Z?///@

pel

‘ o]
The fluid flows from inlet to the outlet through the annulus (a) of a needle valve. This annulus
is the restriction. The size of the annulus can be increased or decreased by turning the throttling

screw. Increase the size of the annulus results in reduced restriction with higher flow, while a
smaller annulus gives rise to increase restriction with lower flow.

The restriction imposes on both directions, whether from A to B or from B to A.
One-way flow control valve
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One-way flow control valve is a combination of check valve and a variable throttle valve. The
flow from A to B must pass through the restricted annulus which is adjustable with the needle
valve. While the return flow from B to A, the low rated spring will be forced open resulted as
unrestricted flow. The flow through the annulus is negligible.

Application of Flow control valve

Meter-In circuit

It is used to control the speed of an actuator which works against a positive load. An example is
when a load is being lifted vertically.
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- Meter-In Circuit
;_L W /Restrictor PC Flow Control
Relief Valve
Actuated

Meter-out circuit

It is used to prevent the load from “running away” when the work pressure load suddenly
changes from full to zero. Example likes drill breaking through a work piece.

Meter-QOut Circuit

- )

Relief Valve
) Actuated
Quick reverse

To bypass a flow control valve when retracting an actuator, a one-way flow control valve is used
instead of Throttle valve.

=0
J A I

Meter-in Circuit

Meter-Out Circuit

Pressure control valve

The functions of pressure control valve are:
to limit or reduce the system pressure.

to unload a pump

to set the pressure at which oil enter a circuit.
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Pressure Relief Valve
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Pressure relief valve is closed in normal position. If the input pressure is higher than the
pressure set by the spring, the nozzle will be forced to open, and the excessive pressure and flow
will then be released to the tank.

Pressure relief valve is used to maintain a maximum working pressure within ahydraulic system.
Pressure relief valve works well under the condition where the pressure is increased gradually,
and it is not sensitive to pressure pulsation.

Pressure Regulator Valve (Pressure reducing valve)

tput N l;lt \\‘

|

3 drain fluid

feed flow P /
inlet d
pressure " . %/7
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A P m— / drain flow
. —— outllet
e 0 2 el WM 7| pressure
,r S ~
' T piston surfaces A 4

Pressure regulator is open in normal condition. If the pressure at the outlet is higher than the set
pressure, the valve will be close to block the fluid from entering the system.

Pressure regulator is being used when pressure is reduced in an auxiliary circuit.Example likes
the clamping cylinders in machine tools application.

Pressure Unloading Valve
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Pressure unloading valve works either in open or close positions. Its purpose is to unload the
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pump that is to divert the pump flow directly to the reservoir in response to an external pressure
signal. The unload valve is like relief valve except that the valve is opened by pressure from a
remote source rather be internal.

*_G“T
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4L LN

Usloading Vaive

Lo—-
XL
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1. Name the symbols:

Symbol Name

2l
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Symbol

Name

e
]
| —

Double acting cylinder

Single acting cylinder

with spring return

Double acting cylinder

4
x @ Check valve with pilot
GO control
B A
Ay g B 5/3-way valve
IR
| Al X‘
P®°T
Ao 3/2-way valve
i \
& TlT
pbdy
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a8 AAAMS. €.6.9-f: HYDRAULIC PIPES, TUBES AND HOSES

oV

Piping, tubing, and hoses are used to transfer many different fluids throughout an industrial plant.
They must provide an efficient direct path from the pump to the control valves and actuators and
then back to the reservoir.

The type and size of hydraulic line depends on:
o type of fluid

pressures

distance

direction of flow

flow rate capability

Piping

Pipe is a rigid connector which is not intended to be bent or shaped. Only black steel pipe is
recommended for use in hydraulic systems. Galvanized pipe is not used because it can flake and
flow through the system and clogged passages.

Steel pipe is used for hydraulic lines in the following conditions:
e When the fluid pressure is within acceptable range.

e Where the line is not expected to be taken apart.
e On large hydraulic lines that store great quantities of fluid.
e Onlong, straight hydraulic lines.

Installation of pipes

e Always replace pipes with ones of identical design and material
e Avoid straight-line hookups.
e Use brackets to support long pipelines.

Tubing

Tubing is semi-rigid connector which is usually bent. The most common tubing materials used
for hydraulic lines are 18/8 stainless steel. The material has good bending and flaring

62



property.
Advantages of tubing

e Great flexibility of installation

e Higher pressure ratings, lower pressure drops.
o Better appearance.

o Fewer fitting.

e Easier disassembly.

e Withstands vibration.

Tube fitting

They are designed to connect tubing to different types of equipment, hydraulic piping and
to other tubing, firmly without leaking.
Fitting can be classified into two types:

Permanent: hose is inserted into the fitting and then clamped or swaged to hold the hose.

Reusable: screwed or clamped to the hose end and can be removed for anew hose.

= e
e g, o 1
daF ==

=

o

———
FI

11 8

{7 e il \ 7 .
i QR i g

Installation of tubing

Always replace tubing with parts of the same material and design.

Use as few fittings as possible.
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Use the simplest bends, the fewest bends, and the least sharp bends as possible.

Hoses

Hoses are the best form of hydraulic plumbing for most uses. It is a flexible fluid connector which
can adapt to machine members which move.

Advantages

¢ Allow flexibility in motion.
e Absorb vibration.
e Withstand pressure “surges.”

e Easy to route and connect.

Structure of Hoses

Hydraulic hose has three parts:
Inner tube: a synthetic rubber layer which is oil resistance, smooth,flexible, and able to

resist heat and corrosion.
Reinforcement layers: constructed of natural or synthetic fibers to

provide strength to the hoses to withstandinternal pressure.

Outer cover: protects the reinforcement layers. It resists abrasion and exposure to weather,

oil, and dirt.
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Installing of Hoses

e Avoid taut hose.

e Avoid twisting.

e Avoid rubbing.

e Avoid heat.

e Avoid sharp bends.

e Avoid loops.

Hydraulic Seal

The functions of seals are to hold the fluid under pressure in the system and to keep dirt and
grime out of the system.

Types of leakage

Internal leakage:  when a thin film of oil is built into the working parts of a
hydraulic system to provide lubrication. The oil is not lost but returns to the reservoir.
External leakage: occurs when oil start to leak from the joint or hydraulic lines and are

visible to the eyes. Oil is lost and causes serious problems to the system.

Classification of Seals
Static: to seal fixed parts, like between pipes, mounting flange, or cylinder cap.

65



Dynamic:  to seal moving parts, like between piston rob and rob wiper or piston rod with

the tube.

Type of seals

Gasket seals: can be made of non-metallic or metallic materials and are used for

static uses. Gasket seals by molding into imperfection of mating surfaces.

O-rings: usually make of synthetic rubber. They are used in both

static and dynamic applications. They are inserted in groves and
compressed between two surfaces.

Mechanical seals: used in dynamic applications and are usually made of metal and rubber.

Spring Energized Seal Piston Seal Wear Strip Guide Ring
PO® o\
Oil Seal Rod Seal DAS/TPM Buffer Ring Piston Seal
Mining Seal Gearbox Seal UHMWPE Seal Washer/Gasket PCTFE/UPE
Wiper Seal PU Seal SPGW ORings Washer/Gasket



Factors to consider when selecting seals:

e Will the seal resist all pressures expected?

e Can the seal withstand the heat of operation?
e Will the seal wear out rapidly?

e Will the seal be harmed by the hydraulic fluid?

e Will the seal scratch polished metal parts?

Installation of seals

e Install only genuine and recommended seals.
e Keep the seals and fluids clean and free of dirt.
e Do not use undue force. Be sure they are not too tight.

e Use the correct type of fluids.

Wear
Piston seal

Piston static Seal

Rod gland static seal
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Seals

Figure 1:Using Installation Sleeve

Installation Teol I
Sleeve PE | L@

."a.; I .r
__/!E L ad

Keyway
Splines

Figure: show the method of installation of a seal

fwhwaly ¢.6.9-0
1. What is the function of piping and tubing?
2. List the factors to consider while installing the Hydraulics hose?

3. Insert the name of the seal used in a Hydraulic cylinder.

GISWALY €.6.9-R

1. Piping, tubing, and hoses are used to transfer many different fluids throughout an industrial
plant. They must provide an efficient direct path from the pump to the control valves and
actuators and then back to the reservoir.

2. The factors to consider while installing the Hydraulics hose:
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e Avoid taut hose.

e Avoid twisting.

e Avoid rubbing.

e Avoid heat.

e Avoid sharp bends.
e Avoid loops.

3. The name of the seals in a Hydraulics cylinder

Wear
Rod bands Piston seal

seal Piston static Seal

Rod gland static seal

TASK SHEET &.G.9-9

Title

Performance

Objective/s

Supplies/Materials

Equipment

Steps/Procedure:
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Assessment Method:

Performance Criteria Check List

Did you...

YES

NO

OPERATON SHEET &.G.9-9

Title

Performance

Objective/s

Supplies/Materials

Equipment

Steps/Procedure:
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Assessment Method:

Performance Criteria Check List

Did you...

YES

NO

1.
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Hydraulics
Trouble Shooting Guide

TS-Guide_R.doc
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Condensed Table - Causes of Trouble and Their Effects in Hydraulic Installations

Source of Trouble, 1 2 3 4 5 6
Effects Mechanical Drive Suction Line Pump Pressure Line Return Line Pressure Valves
Excessive Noises 1. coupling wronglyaligned | Suction lineresistance | 1. pump is turningtoo | 1. line mountings As4 A 1. valve chatter dueto
because: fast missing or loose 5. return dirt on valve seat,
2_ 1. tap or cockin the 2. max pump pressure | 2. lines have been | terminatesabove | valve worn
[} suction line closed exceeded wronglylaid fluidlevel
:40/ 2. suction filterclogged 3. ID too small 6. return filter
S or toosmall 3. charge pump 4. As4C blocked
defective
. coupling loose 4. shaft seals or seals P
3. coupling defective on suction side are =
defective
2. insufficient
3. suction line blocked dampening (unsuitable
or leaking type)
&
Py
4. loose mounting npump | (2]
and/or motor defective
5. other transmission
elements loose .
6. pump or motordefective | . 5. pump defective
2 3. flow noises when
6. pressure and return operating
4. suction line has| lines connected
wrong dimensions (i.e.;] wrongly
ID) or has too many| 7. control system
bends oscillating
5. fluid level too low 8. max pump pressure
- exceeded
7. wr'ong direction of 9. As1A8
rotation
8. noise damping not
incorporated in design 4. unsuitable
characteristic curve
5. wrong design
Insufficient Powerand | 1. power transmission As2A 1. internal leakagedue | 1. leakages 1. excessive line 1. operating pressure

Torque at thePower
Take-offs (pressure
too low)

defective V-belt or toothed

belt slipping

7 Tips for
V belts

2. direction of rotation

wrong
3. motor defective

4. key sheared off atpump
or motor

to wear

Poun
e
Sl g

Backap reg

2. unsuitable type

3. pump defective
4. end-of-control
pressure set too low,
or control element
defective

Jerky Cylinder and
Motor Movements
(variations in pressure
and delivery flow)

As1A1lthru?

As2A

1. with variable

pumps, the control
system is defective

2. pump defective

3. system conditions
affectingthe pump
control system (DMV,
SRV)

4. unsuitable pilot
valve

resistance set toolow
2. return filter 2. internal leakage due
blocked to wear
2. excessive line
resistance
3. pressure filter
blocked 3. dirty or damaged
valve seat
5. unsuitable type
(setting range toolow)
installation not As5B As6A1&2

bleed completely

3. excessive lengthof
undamped remote
control line

4. unsuitable remote
controlvalve
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Power Take-off either | As1A1thru7 As2A 1. internal leakagedue | As 4B As5B As 6B

does not turnat all, or to wear with sequentialcontrol:
- too Slowly 2. pump defective 6. sequence valve
(insufficient or no 3. inlet and returnlines setting is too high,
delivery flow) connected wrong or valve isdefective
Excessive Operating 1. reduction in 1. ID too small, As4E 1. constant delivery

Temperature

efficiency due towear
2. with variable
pumps, the control
system is defective

3. rotational speed

and/or delivery
Temperature

@ g

Low \ = /quh
Tempecatrs @ Temparsons

Lithium-ion Battery

Temperature
Monitoring

(1,2,3)

causing frictional
resistance

2. pressure filter
blocked

flow is too high

2. unsuitable valve
type (ID too small)

3. pressure settingtoo
high

4. response timetoo
long

Foaming of Hydraulic
Fluid

1. suction line leaks

3. wrongly designed
reservoir

Cylinder Runs On

1. shaft packings or
seals on the suction
side defective

2. leakage - oil line
terminates above fluid
level

1. return
terminatesabove
fluidlevel

effect|

2. vortex
due to wrongly|
laid lines

1. elasticity of
hoses excessive

—— O

2. lines not bled

Line Shocks when
Switching Takes Place

As4 A

5. the line system
storage

volume isexcessive

lines loose

2y
I

1. switches tooquickly
2. restrictors or
orifices damaged

Pressue Switches.

e

76




Pump Switches onand
off too Often

1. pump defective

2. in the case of
accumulator
installation, the pump
is too small

Sequence valve orshut
off valve has wrong
setting
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Condensed Table - Causes of Trouble and Their Effects in Hydraulic Installations (continued)

Source of Trouble,
Effects

7
Flow ControlValves

8
Directional ControlValves

9
Fluid

10
Drive (cylinder,motor,
etc.)

11
Others

Excessive Noises

1. valve oscillates
and excites the
othercontrol
elementsto

oscillation

2. flow noises

Low Frequency = Low Pitch

3.as3A7

1. valve chatters, dueto
defective solenoid,or the
voltage is too low

2. valve defective dueto
dirt or wear
3. through flowexcessive

4. pilot pressurevariations
5. on valves w/adjustable

damping,the adjustment
has not been carried out
6. check the electrical
controls

1. cavitation problems
because:

a) fluid level toolow
b) viscosity too high
(temperaturetoo low)

2. fluid contaminated
anddirty, leading to
damage and blockage
of equipment

©. TS

Fiew
Leakage  Spool sticking

3. fluid foams

1. wear of running
surfaces
2.as3A7

Insufficient Powerand
Torque at thePower
Take-offs (pressure
too low)

1. pressurelosses
excessive

2. false setting
3. valve defectiv

Control
Mechanism
(Lever)

1. wrong switched

position (e.g. pressureless
circulation does notswitch

off)

2. solenoid defective

3. internal leakagedue to
wear

4. excessive flowspeeds
5. spool jams

Land gp601 Spring

1. viscosity too low,
excessive leakages

2. viscosity too high,
excessive flow|
resistance

3. fluid foams

/w )

1. internal leakages
(e.g. cylinder packing is
worn)

2. referto 10 A

3. excessive internal
friction (lowefficiency)

1. in the case of pressure controls, there is a
defect in the open-loop (orclosed-loop)
control circuit)

2. display instruments defective

Jerky Cylinder and 1. valve dirty As8A 1. hydraulic fluiddirty | 1. Stick-slip effect due | insufficient load counter-balance (e.g.
Motor Movements 2.As7A1 [T ] to the friction of the lowering control valve)
(variations in pressure { cylinder packings being|
and delivery flow) '_1 toohigh.

e 2. operétir]g below|

lower limit of motor|
2. hydraulic fluidfoams| speed

Power Take-off either | 1. through flowset | As8B As9B As10B 1. conditions for starting not fulfilled(pump
does not turn at all, or| too low 5. spool sticking 4. power take-off control system defective)
- too Slowly 2. unsuitable 6. manually operated blocked (.g. piston 2. electrical in-line open circuit (plug in
(insufficientor no type(setting range | valves (cocks) not in seizure) connections)

delivery flow)

too low)
3. valve blocked
(dirt)

through flow position

Eotomagoite
st

3. signaling elements (e.g. pressure switch
wrongly set or defective, limit switch not|
contacted
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m

Temperature

Excessive Operating

1. through flowset
too low (excessive
pump delivery
through pressure
relief valve)

2. valve defective

3. spool sticking

1. leakage losses toohigh | As9B
2. pressure circulation
fails to switch on

1. losses in efficiency
due towear

2. internal friction too
high (poor levelof
efficiency)

3. internal leakage
losses

1. cooling performance of the assembly(or
installation) insufficient in relation tothe
installed power or the operating time.

2. pressureless circulation not provided(or
does not switch on) during long working
breaks (with pump still running)

3. insufficient hydraulic fluid in the
installation

4. coolant valve fails to switch

5. thermostat set too high

6. coolant not switched on or no coolant
available, an defective

7. coolant temperature too high

8. surrounding temperature too high

9. deposits in radiator

10. insufficient heat dissipation due tonoise
reduction measures

Fluid

F | Foaming of Hydraulic

Unsuitable make

G Cylinder Runs On

1. switching time settoo

2. defective solenoid
cause leakage in valve
3. valve dirty

1. internal leakages
2. faulty bleeding

1. pilot controlled check valve fails toclose
immediately because:

a) seat is dirty or damaged

b) technical switching fault

2. limit switch fails to switch

H Line Shocks when
Switching Takes Place

1. switching time settoo

2. unsuitable type
(opening cross- section

Foaming of the
hydraulic fluid

1. excessive forcesand
masses
2. no damping

in accumulator installations, throttleshave
not been fitted in front of the switching
valves

I | Pump Switches onand
off too Often

in installations w/accumulators,
1. the gas precharge too low

2. bladder (diaphragm) defective
3. pressure switch set incorrectly

TS-Guide_R.doc
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VALVES

Expanded Table

. B/

! 4
o Spool \
snPamcles—cé? - Seed |
?%@i Particle/
\

TROUBLE CAUSE REMEDY
1. Dirtinsystem Drain and flush system. Disassemble and clean, if necessary.
VALVE 2. Restricted drain Small fittings or pipe.
SPOOL
RESPONSE 3. Pilot pressure low Check pilot pressure system.
SLUGGISH
4.  Malfunctions of solenoids Check for proper source voltage and frequency. Remove
solenoid and check fields.
{/im:-a 345w yopm) {
. S i
5. Distortion of valve body Align body and piping to remove strains.
1. Dirtinsystem Disassemble, clean, and flush.
2. Blocked drain Inspect for plugs or foreign matter.
VALVE
SPOOL 3. Pilot pressure off Check source of pilot pressure.
FAILS TO
MOVE L . Check electrical source and solenoid fields.
4. Solenoids inoperative
Al . ins.
5 Distortion ign body and piping to remove strains

Improper re-assembly after
overhaul

Use parts drawing to check proper assembly.

VALVE PRODUCES 1.
UNDESIRED
RESPONSE 2.

Improper installationconnections

Improper assembly of valves

Check installation drawings.

Check parts and drawings.

3. Spoolinstalled backwards
Reverse spool end for end.
TROUBLE CAUSE REMEDY
1. Valves sticking or binding Check for dirt or gummy deposit. Check for contamination of oil.
Check for air in system. Check for worn parts. Excessivewear may be
due to oil contamination.
2.  Cylinder sticking or binding Check for dirt, gummy deposits or air leaks as above. Checkfor
misalignment, worn parts or defective packing.
3.  Sluggish operation duringwarm- Viscosity of oil too high or pour point too high at starting temperature.
up period Change to oil with lower viscosity or better viscosity index and lower
ERRATICACTION pour point. An immersion heaterplaced in the oil may help under
severe cold conditions.
4. Pilot control pressure too low Control line may be too small, or metering choke valve notworking
properly.
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VALVES Expanded Table

5. Internal leakage in cylinder 5. Repair or replace worn parts and loose packing. Check oil tosee that
viscosity is not too low. Check for excessive contamination or wear.

6. Airin system 6. Bleed air and check for leaks. Check to see that oil intake is well below
surface of oil in reservoir. Check pump packing andline connections on
intake side by pouring hydraulic oil over suspected leak. If noise stops,
the leak has been located.

Tighten joints or change packing or gaskets where necessary.
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BOOSTERS

Expanded Table

TROUBLE CAUSE

REMEDY

1. Sequence valve set too high

2. Valve closed between pump and
booster

3. Valve closed between booster exhaust
and reservoir

4. Pump not delivering oil or developing
insufficient pressure
BOOSTER NOT
OPERATING 5. Orifice at ends of control spool plugged
with foreign matter

https://www.youtube.
com/watch?v=hx_xq .
WioTz8 sticking

Pilot ram or pilot piston are tight or

Single Acting Hydraulic Pressure Booster
 Bogater

7. Main operating ram jammed

8. Checkvalves jammed

. Back off pressure adjusting screw of sequencevalve until

booster starts to operate.

Carefully check piping and valving.

Remove all valving from this line unless thefunction and
operation of such valving is thoroughly understood.

See pump trouble chart.

Remove pipe plugs on both ends of booster bodyand
clean orifice with air or wire.

Remove plugs outside pilot pistons on each end of
booster. Check tightness of rams and pistons with3/16”
cap screw. Look for dirt or chips. Dress with crocus
cloth if necessary.

. Remove one or both heads as necessary for inspection.

Renew main piston if badly scored byforeign matter.
Whenever the heads are removedfrom the booster, the
head gaskets and the high pressure seal between the
head and the booster body must be replaced with new
ones.

. Inspect the four check valve assemblies for damage.

When reassembling, do not force springseat into place
too hard.

1. Booster not operating

2. Excessive leakage of high pressure

BOOSTER NOT 3. Pump pressure not adjusted properly
DEVELOPING
SUFFICIENT
PRESSURE
4. Back pressure in booster exhaust line

5. Spring loaded resistance valve between
pump and booster

. See section entitled “Booster Not Operating.”

. See section entitled “Booster Operating Rapidlyand

Continuously.”

. Booster pressure will be in proportion to pump pressure

according to ratio stamped on booster.Adjust pump to
desired pressure.

. Inspect exhaust line for restriction. Should be 1”

standard pipe area to reservoir. Remove any valves in
this line unless function is thoroughly understood.

Pressure drop between pump and booster will affect
apparent booster ration. A small hole drilledin disc of
resistance valve, if used, will allow proper pressure ratio
at end of cylinder stroke.

82



BOOSTERS (cont.)

Expanded Table

WITHOUT BUILDING
UP PRESSURE

3. Excessive leakage of high pressure in valves
between booster and cylinder orin cylinder
packing

4.  Excessive leakage of high pressurewithin

TROUBLE CAUSE REMEDY
1. Incorrectvalving in circuit . See circuit drawing for typical booster circuit. Sequence
and check valves or adequate substitutes are usually
essential in most boostercircuits.
2. Sequence valve incorrectly adjusted Tighten pressure adjusting screw sufficiently to prevent
BOOSTER booster from operating. With correct pump pressure
OPERATING RAPIDLY adjustment, and with operating cylinder at end of
AND CONTINUOUSLY stroke, back off adjusting screwuntil booster operates.

Locate point of leakage by isolating high pressurein
separate pieces of equipment.

. Isolate booster to verify source of trouble. Tightenhead

booster bolts. Lap or replace four high pressure check valves as
needed. If trouble continues, remove heads and inspect
ram for scoring.
Replace ram and “O” ring assemblies with new parts if
needed. Replace rings on small ram. Excessive force may
cause spring seat to buckle,jamming check valve.
FLUID MOTORS
TROUBLE CAUSE REMEDY

MOTOR

TURNING IN WRONG 1. Incorrect piping betweencontrol Check circuit to determine correct piping.

DIRECTION valve and motor

MOTOR NOT TURNING
OVER ORNOT DEVELOPING
PROPER SPEED ORTORQUE

P

s

Vio~— \iﬁf "gk

2.

3.

w

. System overload relief valve
adjustment not set high enough

Relief valve sticking open

Free recirculation of oil to
reservoir being allowed through
system

. Driven mechanism bindingbecause
of misalignment

. Pump not delivering sufficient
pressure or volume

. Motor yoke not set at properangle
(on adjustable motors)

Check system pressure and reset reliefvalve.

Remove dirt under pressure adjustment ballor
piston.

Directional control valve may be in opencenter
neutral or other return line unintentionally open.
Repair or replace valve.

Remove motor and check torquerequirement of
driven shaft.

Check pump delivery and pressure.

Adjust pump yoke angle by means of handwheel.
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BOOSTERS (cont.) Expanded Table

EXTERNAL OIL LEAKAGE 1. Gaskets leaking (may be dueto 1. Replace (if drain line required, it must bepiped
FROMMOTOR reservoir drain not being directly to reservoir).
connected if this is required).
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VANE PUMPS

Expanded Table

TROUBLE CAUSE REMEDY
1. Wrong direction of pump 1. Observe arrow on pump case. Direction of rotation mustcorrespond.
rotation
2. Lowoil level 2. Fill reservoir so that surface of oil is well above end of suction lineduring all
of work cycle.
3. Wrong type of oil 3. Useagood, clean hydraulic oil having the viscosity in accordancewith
recommendations.
4. Pump running too fast 4. Reduce speed. Speeds above rating are harmful and cause earlyfailure of
pumps. Refer to pump ratings.
5. Coupling misalignment 5. Re-align pump and motor accurately. Align to within 0.005” totalindicator
reading.
6. Reservoir not vented 6. Ventreservoir through air filter to allow breathing action forfluctuating oil
level.
7. Air leak in suction line. Air leak in 7.  Pour hydraulic oil on joints and around shaft while listening forchange in
case drain line. Air leak around sound of operation. Tighten as required.
shaft packing
8. Restricted flow through 8. Check suction piping and fittings to make sure full size is usedthroughout.
suction piping Make sure suction line is not plugged with rags orother foreign material.
EXCESSIVEPUMP Avoid excessively long suction lines.
NOISE
9. Air bound pump 9.  Airislocked in pumping chamber and has no way to escape. Stop pump
immediately. Before restarting, partially open pressure line or install
special bypass line back to tank so that air can pass out ofthe pump.
EM 10. Slip line (case drain) doesnot 10. Extend slip line piping so that it terminates below the oil surfacewhen oil is
Ak terminate below oil level at its lowest level during any one machine cycle.
—ﬁ%— 11. Worn pressure ring 11. Replace. This condition caused by hot, thin, dirty oil or no oil at all.An air
) bound condition (#9 above) will also contribute to the worn pressure ring.
12. Restricted filter or strainer 12. Clean filter or strainer. Calculate required size and add 100% toallow for
partial blocking by dirt.
13. Air bubbles in intake line 13. Provide reservoir with baffles. All return lines to reservoir must bebelow
oil surface, and on opposite side of the baffle from intake lines.
14. Sticking vane 14. Remove cover assembly and check rotor and vanes for presenceof metal
chips or sticky oil. Some pump models have chamfered edges on the vanes.
See pump drawings for proper installation.
15. Two pumps to common 15. A check valve must be placed in the discharge line of the pump which has
manifold the lowest pressure to prevent back flow and surging.This check valve
must also be present if an accumulator is in thedischarge line.
16. Reservoir air vent plugged 16. Air must be allowed to circulate in the reservoir. Clean and/orreplace
breather.
17. Worn or broken parts 17. Replace.
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VANE PUMPS (cont.)

Expanded Table

TROUBLE CAUSE REMEDY

1. Pump operated at higherpressures 1. Reduce pump pressure to minimum required for installation.
than required

2. Pump discharging through relief 2. Remove relief valve. Relief valves are not required with pumps
valve having spring or hydraulic pressure compensatinggovernor (relief

valves create additional heat).

3. Pump not unloaded during idle 3. Use open center valve, or two-stage pressure compensating
periods of machine operating cycle governor, when applicable.

4. Insufficient cooling facilities 4. Install oil cooler. Increase reservoir capacity.

SYSTEM 5. Excessive pump slippage 5. Tighten bolts on cover. Add shims between cover and coverplate
EXCESSIVELYHOT except on Model K pumps. Remove shims to tighten Model K
pumps.

6. Pumpdrain line too close to pump 6. Separate the drain and suctions lines by a baffle in the reservoir.
suction line returning heated oil Place the drain line in a location where it must travel the farthest
back into the pump distance practical before the oil re-entersthe pump.

7. Excessive system leakagethrough 7. Check progressively through the system for excessiveleakage.
cylinders or valves

8. High ambient or radiant 8. Relocate power unit, or baffle against radiant heat.
temperature

9. Lowoilinreservoir 9. Bringlevel of oil up to recommended point.

10. Excessive friction 10. Internal parts may be too tight. Reshim.

11. Reservoir too small 11. Increase size or install auxiliary cooling equipment.

12. Restricted or undersize valveson 12. Clean valves and piping. Use adequate pipe sizes.
hydraulic lines

1. Pump not delivering oil 1. Seetrouble section headed “Pump Not Delivering Oil.”

2. Pressure adjusting screw notset high 2.  Setadjusting screw to obtain desired operating pressure.
enough

3. Pressure being relieved through 3.  Remove relief valve. Relief valve is not required with pumps
relief valve having spring or hydraulic pressure compensating governor

feature (relief valves create additional heat).
PUMP NOT 4. Oil bypassing to reservoir 4. Testcircuit pressure progressively. Wjatch for open-center
DELIVERING valves or other valves open to reservoir.
PRESSURE

5. Pressure ring sticking 5. See No. 14 under “Pump Not Delivering Qil.

6. Governor piston sticking 6. Inspect governor for dirt or excessive scoring.

. . Install pressure gauge known to be accurate in a line open

7. Defective pressure gauge,gauge line
. to pump pressure.
is shut off

. Inspect for wedged chips or sticky oil.
8. Vane or vanes stuck in rotorslots
9. Pump running too slowly 9. Check minimum speed recommendations.
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VANE PUMPS (cont.)

Expanded Table

5. Qiltoo hot

TROUBLE CAUSE REMEDY

1. Adjusting screw for pressure 1. Tighten adjusting screw three to five turns after spring tension isfelt.

adjustment too loose

2.  Wrong direction of pumprotation 2. Observe arrow on pump case or nameplate. Direction of rotationmust
correspond.

3. QOillevel low in reservoir 3. Maintain oil level in reservoir well above bottom of suction line atall
times.

4. Pump running too slowly 4. Increase speed. Check minimum speed recommendations to besure of
proper priming.

5. Airleakin suction line 5. Tighten joints and apply good pipe compound, non-soluble in oil.

6. Oil viscosity too heavy forproper 6. Thinner oil should be used, per recommendations for giventemperatures

priming and service.

7. Maximum volume controlturned 7. Turn counterclockwise on Volume Control adjusting screw toincrease

in too far delivery.

PUMP NOT

DELIVERINGOIL 8. Bleed-offin other portion of 8. Check for open center valves or other controls connected with atank
circuit port.

9. Suction line or suction filter 9. Filters must be cleaned of lint or dirt soon after the unit is firststarted.

plugged Periodic checks should be made as a preventive maintenance
precaution.

10. Pump cover too loose 10. Tighten bolts on pump cover. Add shims between cover andcover plates
except on Model K pumps. Remove shims to tighten Model K pumps.

11. Broken pump shaft or rotor 11. Replace broken parts. Check for signs of excessive shock, dirt,foreign
material, or other probable causes of failure.

12. Sheared key at rotor orcoupling 12. Check and replace where required.

13. Pump shaft turning too slowly 13. Check minimum speed recommendations.

14. Pressure ring sticking 14. Loosen bolts on cover to prove theory, or remove governor assembly
and volume control assembly and manually check to see if ring is tight. If]
pump has no volume control assembly, thethrust block may be removed
to expose the ring for checking. Ifring proves to be tight, reduce number
of shims between cover and cover plate except on Model K pump. Add
shims to loosenModel K pump.

1. Abrasives on pump shaft 1. Protect shaft from abrasive dust and foreign material.

2. Packing damaged at installation. 2.  Replace oil seal assembly. Packing should be eased on shaft

Scratched ordamaged shaft seal carefully avoiding cuts from passing over key way.
LEAKAGE
AT 3. Coupling misalignment . ) o
OIL SEAL 3. Re-align pump and motor shafts. Align to within 0.005” total
indicator reading.
4. Pressurein pump case Lo L L
4. Inspect case drain line for restriction. Should be full pipe size

direct to reservoir.
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VANE PUMPS (cont.)

5.

Expanded Table

See trouble section headed “System Excessively Hot.”

Unbalanced Vane Pump

Governor piston stuck

Pressure ring sticking

TROUBLE CAUSE REMEDY
Dirt or chips under vanes holding Pump should be dismantled and inspected for dirt orchips.
pressure ring on center
LACK OFVOLUME Check governor piston for freeness of movement.See No. 14

under “Pump Not Delivering Oil.”

BEARINGFAILURE

Chips or other foreign matterin
bearings

Coupling misalignment
Excessive or shock loads

System excessively hot

Overhung load

Electric motor shaft end play or
driving or hammering coupling onor
off pump shaft

Incorrect fluid

Make sure clean oil is used. Essential for efficientoperation and
long life of bearings.

Re-align pump and motor shafts. Align to within 0.005”total
indicator reading.

Reduce operating pressure. Observe maximum rating of
operating pressure.

See trouble section headed “System Excessively Hot” (heat
breaks down lubricating qualities of hydraulic oil).

Typically, pumps are not designed to handle any overhung load
or side thrust on the drive shaft. Make provision for outboard
bearings to alleviate this condition.

Typically, pumps are not designed to handle end thrustsagainst
the drive shaft. Eliminate all end play on electricmotors.
Couplings should be a slip fit onto the pump shaft.

See oil recommendations.

OVERLOADING
MOTOR

Motor not properly sized forpressure
and volume requirements

Pump delivering full volumethrough
relief valve

Excessive internal slippage inpump
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Contact your AFS representative for recommendations.

Remove relief valve. Relief valve is not required with pumps
having spring or hydraulic pressure compensatinggovernor
feature (relief valves create additional heat).

Tighten bolts on pump cover. Add shims between coverand
cover plates except on Model K pumps. Remove shims to
tighten Model K pumps.




VANE PUMPS (cont.) Expanded Table

4. Starting pump with full pressureand 4. Use motor with higher starting torque or start pump withvalve
volume closed so no oil will flow.

5. Motoroverload protectionundersized 5. Install larger capacity unit and bigger heaters.

6. Lowvoltage 6. Install larger wire leads.

7. Motor wired for wrong voltage 7. Check motor leads for proper voltage connections.
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RADIAL PISTON PUMPS

Expanded Table

TROUBLE CAUSE REMEDY
1. Airleakin suction line. Airleak 1. Pour hydraulic oil on joints and around shaft seal while watching
around shaft seal pressure gauge and listening to sound of pump.Steadying of pressure
gauge indicates leakage. Replaceseal or tighten joints in suction line.
2. Lowail level in reservoir 2. Fill reservoir so that surface of oil is well above end of suctionline
during all of machine cycle.
3. Air bubbles inintake line 3. Provide reservoir with baffles. All return lines must be belowoil
surface and away from intake line.
4. Restricted filter 4. Cleanfilter. Calculate required size and add 100% for partialblocking
EXCESSIVEPUMP by dirt.
NOISE
5. Restricted flow throughsuction 5. Check suction piping and fittings to make sure full size is used
line throughout. Make sure suction line is not plugged withrags or other
foreign material.
6. Reservoir not vented 6. Vent reservoir through air filter.
7. Coupling misalignment 7. Motor and coupling must be aligned to within 0.005” totalindicator
reading.
8. Wrong type oil 8. Use good, clean hydraulic oil having a viscosity of 60-300SUS at
running temperature.
9. Piston hanging up 9. Loosen piston cap while pump is running, allowing oil to freepiston.
Tighten again after piston is moving freely.
10. Running in wrong direction 10. If self-primer is used, rotation must be correct as indicated byarrow.
1. Pump not unloaded duringidle 1. Install unloading device in high pressure line. Unload pump
periods of machine operating whenever possible.
cycle
2. Insufficient cooling facilities 2. Install heat exchanger of proper size to control temperature ofthe
SYSTEM oil.
EXCESSIVELYHOT
3. Pressure set too high 3. Useonly pressure required to provide satisfactory operationof
machine.
HEAT PUMP
4.  Excessive system leakage 4. Check progressively through the system for excessiveleakage.
through cylinders or valves
5. Highambient or radiant 5. Relocate power unit, or baffle against radiant heat.
temperatures
1. Abrasive on pump shaft 1. Protect shaft from abrasive dust and foreign material.Replace oil
2. Packing damaged ininstallation 2. seal.
LEAKAGEAT OIL
SEAL 3. Excessive inlet pressure
pomess 3. High pressure seal modification must be used.Special seals are
4. Improper fluid
4. needed for synthetic fluids.
5. Oiltoo hot
5.

Seal breaks up at high temperatures. Reduce temperature.
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RADIAL PISTON PUMPS (cont.) Expanded Table

TROUBLE

CAUSE

REMEDY

BEARINGFAILURE

QN

rd ’
L -

Coupling misalignment 1. Re-alignh pump and motor.

Chips or other foreignmaterialin 2.  Make sure clean oil is used. Essential to efficient operationand long

bearing life of bearings.
Incorrect fluid 3. See oil recommendations.
Electric motor end play 4. Do not allow motor shaft to butt up against pump shaft. Allow

clearance in coupling.

Pump running too fast 5. 1,800 rpm is maximum allowable speed.

Air leak in suction line 1. Check and tighten all connections in inlet piping.

Pump not free of air 2. Back out cylinder sleeves until oil flows freely and pump isfree of air.
PUMP NOT
DELIVERINGOIL Hollow piston sticking incylinder Check gauge for erratic flutter and listen for noise in pump.

sleeve 3.

Check volume of oil that will free flow through inlet line atpump.

Insufficient supply of oil inpump 4.

Check and replace if required.

Sheared key at coupling

5.
Pump not delivering oil 1. Seesection on “Pump Not Delivering Oil.”
Relief valve set too low 2. Relief valve regulates the maximum pressure the pump willput out.
PUMP NOT
DELIVERING Seat may be worn or springs may be broken
PRESSURE Relief valve not functioning 3.
- properly
Test circuit progressively. Watch for open-center valves orother
Oil bypassing 4. valves open to reservoir.
Check progressively through system for excessive leakage.
Excessive system leakage 5.

through cylinders and valves

HYDRAULIC SYSTEMS

TROUBLE CAUSE REMEDY
Abrasive matter in the hydraulic oil being Install adequate filter or replace oil more often.
circulated through the pump
EXCESSIVEWEAR

Viscosity of oil too low at working conditions

Sustained high pressure above maximum
rating or higher than system
requirements

Drive misalignhment

Air recirculation causing chatter in system

Check component minimum viscosity
recommendations.

Reduce pump pressure to minimum required forpump
installation.
Check and correct.

Remove air from system.
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JOB SHEET 9-9

Title

Performance

Objective/s

Supplies/Materials : .

Equipment ; o

Steps/Procedure:

1.

Assessment Method:

Student practice

Performance Criteria Check List
Did you...

YES

NO
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