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2. Physical Properties of Hydraulic Fluids

Primary Functions of a Hydraulic Fluid
Properties of Hydraulic Fluids
Liquids & Gases

Specific weight, Density & Specific gravity ¥
Force, Pressure & Head

Gauge Pressure & Absolute Pressure
Conversion of Units

Bulk Modulus ¥

Kinematic viscosity & Absolute viscosity "»
Viscosity & Viscosity Index

2.A Additive of Hydraulic Fluid m» >
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2.1 Hydraulic Fluids

F Primary Functions of a Hydraulic Fluid

B Transmit power: Power2t Signal2 & & 0H Al
B Lubricate moving parts: =&, &3
B Seal clearances between mating parts: 2=

B Dissipate heat: & ZHak W2t
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Primary Functions of a Hydraulic Fluid

1. THE PUMP PUSHES THE HYDRAULIC
LIQUID INTO LINES. /

2. LINES CARRY THE LIQUID TO
ACTUATORS WHICH ARE PUSHED
TO CAUSE A MECHANICAL OUTPUT
TO MOVE A LOAD.

LOAD

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.

TO RESERVOIR
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1. A TYPICAL SLIDING
YALVE SPOOL MOVES
BACK AND FORTH..

2.

INSIDE ITS BODY ...
3. ON A THIN FILM OF
HYDRAULIC FLUID (SHOWN
GREATLY EXAGGERATED),

4, |F THIS PASSAGE |5 UNDER
PRESSURE, THE FLUID FILM
SEALS IT FROM ADJACEMT
PASSAGE.
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Primary Functions of a Hvdraulic Fluid(Al=)

P AIAEIO 2 W2

[H>

TO HYDRAULIC SYSTEM

S

3. HEAT GEMNERATED IMN THE
SYSTEM 15 GIVEN OFF INTO
THE ATMOSPHERE.

1. AS THE HYDRAULIC FLUID
CIRCULATES THROUGH LIMES. ..
2. AND THE RESERVOIR...

Fig. 3 Al A 10| Z=8F L2t
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Demanded Properties of a Hydraulic Fluid
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Properties of a Hydraulic Fluid
E Physical Properties

P IR HARN XS0 T

o=
EHIZ HZ sE, BESH, 254, JI24, B3I
F Chemical Properties

B D2 2H 25t 42

PO, MEHE, MT, SES, W02, HZHE &

02 N
00
0X

A
|
e Fluid Power &= =t
|

|



o TTE ST

IS02H0l 21Tt R&AASFA EF

ARH ESR LFEIIEMER (HEl =, =& %); ISO-L-HH
1SO-L-H T EHAS L AN 2IE MBS (RRO HER): 1SO-L-HL

HLSO LHOF2 A 20 (W02 A = ER): 1SO-L-HM
HLEM HE-25 S4 29 (DB C XA H=R): 1ISO-L-HR

HMEO HE-25 S48 20HDEC A WOFEA 2ES): 1ISO-L-HV
.HM_,_I_O-” AEI%EI/\ﬂ _'?_j} (I—l%l& §3 Al LHD}D/\% II-EO)

—/

T Sl &7 (8+H Watd &5%); ISO-L-HF

J
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*O/W(oil in water) |2 & (£F = 7); ISO-L-HFA
*W/O(water in oil) Gl 2 & (0|2 & =); 1ISO-L-HFB
o=-=C| =, ISO-L-HFC

- O AHIZH 2SS (B

OTT \B85 O

3

| LFo1 A R); 1SO-L-HFD

HI 2 2); ISO-L-HFDR

25} X & =CH): 1ISO-L-HFDS

St A (OHHA 5t X % =CH); ISO-L-HFDT
0l A Bl 22); 1SO-L-HFDU

QI &0 ARIZ (21 AHO
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Maintenance of a Hydraulic Fluid

O WIAIJ| &

o

0.

™
KIO

OF U

0
Kil

0

]
J|]
KF

ol

TOA

==
B
L ~
0
% W
JI0 o <
~ Al
B0 o1 KO
0; K =<
ol H A0
Ok OF Ok
ol ol ol
= Ok = OF Ok
_H,” . _n_d.._ - N

(i
<
ofl

0

F

X2
|

Fluid Power &%

-10 -




TTHEH T OTT

2.2 Fluids: Liquids & Gases

F Fluids: Liquids & Gases

N] FREE SURFACE ]
\ \
F Liquid o N waen N
B R0 YXGH 21 |9 \ \
D0l B S10| BT/t YR B srver
SA
P HOEMOZ 2= N FREE SURFACE —
B QSEBEIUAAT HF 2
SIS} AL (o)
i SN
F Gas Qg%%%g%?g”o\
O 0 On 202
E DS Ril= &2 EJIE QZS%"@’EGG%EOS
o= P ~GAS’ "o
HWLES Betlt. \fMGLECULEsg\
B 20| SOH5HE JIX 2 20l NER82885N
&0LKI 1, 0| 2A6HH \o‘%gﬂ%%g;%o%\
_ 9]
S1l= HEICY NROERERRN
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Advantages of Air

B Advantages of air: & 01 Al
m oA

B X MXZEotAl &Ll
B 3| S2Z LAl BHE Jts

¥ Disadvantages of air

g=d: e /AX MU =2Its

|| || || || ||
B o 4T |IC
40 30 0Z g|o

i e >
oo O
-

& H: 250psi (17.5bar) 0l5t2] LM AL
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2.3 Specific Weight, Density, Specific Gravity

Mass
B =XE 240t =22 & [kg]
Weight
E =EXH0 &6t Al =&
F =W =mg [N], [kgf]
g: =8 JI55(9.81m/s?; 32.2ft/s?)

Weight density: Specific weight : ¥
E CRRIE R2H = RAH/RI
E 22 2HL L : 62.41b/ft3 = 999kgf/m3

Specific gravity

E FXH8 RFHEELE =22 RHEEZ L= gl: FXE
B 2O HIS:1
Mass density : Density : p
E R RLUE 2 =E2E/R1
E A =-RHEZ/SEIISE y=og
B 292 YT : 1.94slugs/ftd=999kg/m?3 (60F, CHI| &5t 21 2) a

1
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2.4 Force, Pressure, Head

Force
B =HY DAL 2= MNEHE
HStAI D= 3010 El= 22| &

Pressure

B CHREANG MNZ5l= &
P=FI/A

Head

B Ooflad A C.
== T T

1ft =0[2 =
B 1ft 20| 28t &=
P = 62.4lb/1ft? = 62.4psf
= 0.433psi
_ %‘2"8 M S
£, JHIDI%OI =0[2t
SAHALE=ME o2&
g =RIAHLE X =

P(psi) = 0.433 H(ft) Sg

2dHAOI0=

-14 -

1, AFOOT-SQUARE
SECTION OF WATER
10 FEET HIGH
CONTAINS 10
CUBIC FEET. IF
EACH CUBICFOOT

WEIGHT 62.4 POUNDS. ..

2, THE TOTAL WEIGHT
HERE IS 624 POUNDS.
THE PRESSURE DUE
TO THE WEIGHTIS

B % L
|
TN- 0433 psi
1
N 3, IF 10 FEET OF WATER
N IS EQUIVALENTTO 4.33 psi,
ONE FOOT EQUALS 0433
TN 5 FEET EQUALS
0ET 2,165 AND SO ON,
TN — 2,165 psi
TN
TN
TN
N

Y
624 + 144 SQUARE 100
lNCHEson¢33pg,afﬂ“’””$§§§b i

A
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Atmospheric Pressure

B Atmospheric Pressure

1. ACOLUMN OF AIR ONE

SQUARE INCH IN CROSS
B CHHA- 1in2

SECTION AND AS HIGH AS
B ODIRDIN MO OD|S  AMORRER | —
S2A: 14.71b
Pl P ERIET
latm = 14.7psi

2. WEIGHS 14.7 POUNDS
AT SEA LEVEL. THUS
ATMOSPHERIC PRESSURE
1S 14.7 psia

. Fluid Power &%=t
|
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Gauge Pressure & Absolute Pressure

Gauge Pressure

B OO0l Cioll &S =2
B psig, psi
Absolute Pressure

B 20 =Xote & et S AEHS 20 Oioll &UHEL=Z SH S gt
E psia

Al = Aol + CHO &

JJa
0
ok

1y

) = (=) ) = = =
A3AE0|L ELLEH2 F3LALAEY HEH EHREZ20H EM
(O: BZo| E17)
ABSOLUTE
PRESSURE (psia)
PRESSURE P,—y
+ ] 10 psig
& 1ol GAGE PRESSURE B ——
ABSOLUTE ATMOSPHERIC PRESSURE
PRESSURE N S S - — Eggs%ﬁgi{
: i S 0 psig)
14.7 paia PRESSURE p,—y ~10 PSi0 (GAGE PRESSURE)
ABSOLUTE —J——t
PRESSURE apaoi UTE
l PRESSURE| ABSOLUTE ZERO PRESSURE (COMPLETE VACUUM)—y REFERENCE
: . FOR
ABSOLUTE

PRESSURE(0 psia)
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2.9 Conversion of Units

Sl metric system E Density
B 19604, MIAHEZD| B 29 &AL 999.1kg/m3 @
E DE'OI(m), 22k (kg), 8!(N), 60°F(15.6°C)

Al Z2t(sec), 2 &£ (°C)

E Temperature

Length, Mass, Force
B T-=9/5XT.+32

E lin =0.0254m

B 1ft = 12in = 0.3048m B Tc=5/9 X(Te—-32)
E 1slugs = 14.6kg B T, =Tc+273.15
B 1lb = 4.45N

SIOIEHE 85 A

Pressure E T:tera, G: giga

B 1Pa=1N/m2 E M: mega, K: kilo
E 1lpsi=6,897Pa B c:centi

B lbar = 105Pa = 14.5psi E m: milli, u: micro,
E 1,000psi = 70bar E n:nano, p: pico
E (HJ]& =1.01bar

= 101,000Pa = 14.7psi %

1
s Fluid Power &=t
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2.6 Bulk Modulus

E Bulk Modulus(HMI & A H =)
P U SN HE

E JEESHAHSIIE2SERA=HE2LHEE 220 AN =500}
& Ct
P NSO RAR XA EE A< 250,000psi (1,720MPa)
=5 == M= B AH 2= HI D
[cm?/kgf] [kgf/cm?]
MoOHER=ES 6.0 X 10 1.7 X 10*
5.2~7.2 X 10° 1.4~1.9 X 10*
SIDXAES 5.0 X 10° 2.0 X 10* o} 24
(MIL H 5606A) 40~60kgf/cm?
A= g 5.0 X 10 2.0 X 10*
X222 2.9 X 10° 3.5 X 10* 20°C,
W/O & o= 4.4 X 107 2.3 X 10* 700kgf/cm?
Ol AHOI A E 2 3.3 X107 3.0 X 10*
A
|
— Fluid Power -S&f3=t
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2.7 Vliscosity

dcet M SS0 st

M8 ETE 20|6tH,

S &4 (Fluidity)2 & ==0|LC}.
SHILEAH S8U= 42 AT}
Sl A2 20/5HH, SOt
HEH SEli=e 22 I =52
o| 0| 8tLCt.

AT ol HO

B Z & S (absolute viscosity)
2| centipoise [cP]

B =& T (kinematic viscosity)
&2 centistokes [cS]

B A& S (Saybolt Universal
Seconds[SUS])

E SAE Number

-19 -

IF \ FLOW FAST
MY VIBCOS8ITY
IS LOW

WHAT IS VISCOSITY?

Viscosity is a measure of “‘flow-
ability’’ at definite temperatures.

WHY THE TEST?

At operating temperature it is
viscosity that determines fluid
friction (friction within the oil it-
self). Change in viscosity indi-
cates contamination or oxidation
instability.

Fluid Power -S&f3=t




Absolute Viscosity ;

P RAC et S CE SAOIY MELZAHY B

EOZEBEEA SR A E0A 2L 20 HRE0IS Ot o

CHEE R S0/ [ ZRE 8

I 9 Poise [dyne.sec/cm?; kg/cm.sec]

TTE S TT

-_—

=2
=

S— A AEL _( ea S'[TESS) 1. IF THIS MOVING SURFACE IS ONE SQUARE
MHE & = CENTIMETER IN AREA AND MOVES AT A VELOCITY

OF OMNE CENTIMETER PER SECOND OM...
& &= (rate of shear)

dyne.sec
cm?

= 100 CentiPoise [cP]

OIL 1 CM,

: 3. AND A FORCE OF 1 DYNE 15
B F - E )
gEN't}IhL';r}“c?mﬁD ON REQUIRED TO MOVE THE SURFACE,
o THE VISCOSITY IS EQUAL TO OME
POISE.

-20-
|
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Kinematic Viscosity ; v

BHEE HLE R
Lhe 2

=2: Stokes [cm?/sec]

SN C = QEHQ -

S oL — %:

Stok REEOISCE = 100 CentiStok
tokes = Density = entiStokes

-2 -

| WILL UPON
YOUR INSISTENCE

BUT | HAVE MORE \

FRICTIONAL RESISTANCE -

WHAT IS KINEMATIC VISCOSITY?

Kinematic viscosity is the time required for
a fixed amount of an oil to flow through a
capillary tube under the force of gravity.
The unit of kinematic viscosity is the stoke
or centistoke (1 /100 of a stoke). Kinematic
viscosity may be defined as the quotient of
the absolute viscosity in centipoises divided
by the specific gravity of a fluid, both at
the same temperature—
Centipoises

Specific Gravity = Centistokes

Fluid Power #&t3<t
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SUS (Saybolt Universal Seconds) ViScosity

HE=2 M EX0M=s FHE é!EH’é.*ED}
CFEHA U, dUEses F0HA 2504 &
QcllUlAE Siltole =E2 A2 SE __IoH =L

Thick liqguide MAMGl S2B8&, SUS &= Thin
liquid 2 Ct 3 L.

QU2 =20 et 20| B2, 3= =0 A
20 A2 bUbE)H TS HOEoIH, AIE2 =
100°F(37.78°C) &= 210°F(98.89°C)HI Al 4=t = Ct

0 [
|0 12

g0z R X = N 100°FHI A 150SUSZ X Ol
H, EBtHE O F 455US~4000SUS ALOI0IA =L

s Fluid Power &<t




Saybolt Viscometer

X2

0z

10
Q2
Ja
O

THERMOMETER
1. A MEASURED QUANTITY

OF OIL 1S HEATED TO THE
TEST TEMPERATURE ...

T———__HEATING

ELEMENT

: ] 3. AND THEN ALLOWED TO DRAIN
WL~ THROUGH AN ORIFICE OF A
PARTICULAR SIZE.

&0 ML.

4, THE ELAPSED TIME IN
SECONDS EQUALS THE
VISCOSITY IN 55U,

2. BY A SURROUNDING OIL BATH...

Fig. 5 A HE €0 =X

_23-
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SAE Number

B SAE Number= 0|=2 SAEQ| 2|6 SAE AIS 2T A 22| SUS
HTOo B/ E S3 A= XO0ICh

E A=SE(BW, 10W, 20W)S 100°F0l Al Al&et 20|,

E HE&(20, 30, 40, 50)2 210°FOI M 2 SUSE S E Dtel2ICh.

HOW TO DETERMINE VISCOSITY

The unit of measure is time in seconds required for
60 ml of the oil to flow through a standard orifice
under a standard falling head and at a given tempera-
ture. 100F and 210F are common temperatures for
reporting viscosity. Saybolt Furol Viscosity is obtained
with the same instrument with a larger orifice, produc-
ing results approximately one-tenth those of the Uni-
versal orifice readings.

SAE atl100F at210F

Typical Viscosity 10W 202 48
(Saybolt Universal) 20W 323 57
For SAE 30 538 68
Automotive Ratings 40 850 84
50 1174 100

-24- Fluid Power -&5<t
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Capillary Tube Viscometer

TEMPERATURE BATH
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2.8 Viscosity Index (VI)
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Q2
Ja
O
10

X2

0z
10

ME XV 25 Yol s 85 =A™
50, 000 — 2. AT ZERO DEGREES,
THE 50 VI OIL 15
1 —
2,000 THICKER,
VISCOSITY 1. BOTH OILS HAVE
IN 55U THE SAME VISCOSITY
AT 100°F,

150 — = ——m— e

50—

a3

/e 7

A0 |

I
I | | L
0°F 100°F / 210°F
3. AND AT 210 DEGREES,
THE 50 VI OIL 15 THIMNNER.
Fig.6 250 & B Xl=+2 H3l
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Chemical Properties of Hydraulic Fluids

O
0z

Aeration

M0 40
H

(|

02—

— —
=]

a

—40
v OH

>,
=

Jx 20|10 Jo0xJA

KT 1

oM ¢

30

ol

P > o
onrr

O M
o

R

OF

N

1

O
oaj—’*
0
H1 R
30
10
10
o

45

e
N

I

0z -

rlo

1
02
0

x 1o

kJ> Hirre x
rol> S0

=
=

R
0x

Oxidation (&

Q
&

i

j| P

A0

1 30
(o Jh

Rl 40
njo 2

30

HS2ItjetAdehz M
SEEXSIAES AsKRIILEHAH
A UGHNH 2o WESIAMEHE & H
A0 s0HUS 2D I ESHE
IO 5239 cavitation, A O X 2t
20| NsHOo=Z 2 HSZ I A2 ([

effective bulk modulus 22

NES-TEEST=
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H2d =E&HsSR

N
o
1%
==
(g
=
tH
1o

HAME =R E4
AlEet=S | HI= =8 & [cSt] Olgtd | B S A A H D
plE=Ae: (15/4°C) | 40°C | 100°C | (°C) Xz | (C) (ASTM) | ' —
DAPHNE
2 | ELUID H 32 08623 | 324 | 559 231 110 -30.0 LO5 e
£ | DAPHNE T
08661 | 468 | 7.11 236 110 275 L0O5 | €2 £
™ B UID H 68 08670 | 680 | 9.26 258 112 -25.0 LO5
ZIC
SUPERVIS 3 0.84 323 | 58 228 123 -35.0 0.5 ot o
= | ZIC S ESEER =y
= [E——— 0.85 462 | 71 232 114 325 0.5 01,
ZIC _ HI012 2
SUPERVIS 68 0.87 659 | 87 246 104 30.0 1.0
ol | AZOLLA 32 0.8673 32 5.4 222 104 -30 L1.0 0124
i QoS
7| AZOLLA 46 0.8714 46 6.9 232 106 28 1.0
=1 M Il
S| AZOLLA 68 0.8767 68 838 240 103 25 L15 (=24

-31-
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(0] -|||=|=| -“:ngl E Al [OIH}XIE= O
OI:I-I .” %4 XFE O E M
MM OTT Mo
ANEE=S H= =& T [cst] olgt™ |&EE S=ER | M e
MNEH (15/4°C) | 40°C | 100°C | (°C) = (°C) (ASTM) -
Loca R&O
_ | Bydraulicoitag | 0870 | 320 | 533 | 210 08 -30.0 L1.0 e
o |LocaR&O 0.876 | 460 | 669 | 220 97 300 | L5 | %9
A Hydraulic Oil 32 1 S
~ | LocaR&O 0880 | 68.0 | 861 | 226 97 275 1.2.0 o
Hydraulic Oil 32 ' ' ' ' '
5 | Energol HP 32 0.892 30 5.0 201 100 220 L15
3} Qi ot
ol | Energol HP 46 0.895 46 6.4 210 100 220 15 Sof
4 rm
71 | Energol HP 68 0.906 68 8.2 219 100 220 2.0
= | Rando 32 0866 | 31.0 | 55 221 112 .33 L0.5
Lt
= | Rando 46 0870 | 440 | 6.8 232 109 27 L0.5
2 | Rando 68 0875 | 650 | 8.8 243 108 27 L1.0

-32-
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Ot HH I."ﬂOI E Al [LH I.CIA'I II‘EO]
2.0 =|X'“E a = o [I-l-o —1OTT
(=) . AN — QK (=) =| <
L 12, 0% 10¢ e MY S SEH| AR
SME N7 Sd
ANEe= | HI& =8 & [cSt] OIGIH |HE |o=& | M i

NEY (15/4°C) |40°Cc |100°C |(°C) |XI= |(C) (ASTM) |~ —

DAPHNE
# FLUID AWH3p | 08621 |3L96 | 562 | 216 | 15 | 350 | LO5 |
E | DAPHNE ol o
< | FLUID AW 46 | 08652 | 4572 | 710 | 230 | 114 | -325 | LO5 31 J#chrjl_u;
< | DAPHNE = SAS

CLUID AWH 68 | 08700 | 67.59 | 922 | 240 | 113 | -30.0 | LOS5

ZIC SUPERVIS

AW 3 087 | 309 | 56 | 226 | 121 | -350 1.0
% [ ZIC SUPERVIS o2 A
= | Aw 48 087 | 438 | 68 | 236 | 111 | -325 10 |oomgso

ZIC SUPERVIS

i 088 | 657 | 87 | 254 | 103 | -275 15
0| |AZOLLAZS32 @ 08668 | 32 54 | 225 | 110 -30 L10 | UTLEE
N HI, NE
_ |AZOLLAZS46 | 08715 | 46 6.9 | 235 | 106 -28 1.0 | g=Fs,
5 HUR AR
= |AZOLLAZS68 | 08774 | 68 88 | 245 | 105 -25 1.0 e
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M2 S8 &4 (Ui2Ed ASH)

GME A==

Jm
0%

NS |hE  |SEECS] | osm B3 | |SF M .
M=EzY (15/4°C) |40°C | 100°C |(°C) X% |(°C) (ASTM) | '~
Shell TellusOIl |y g7y | 300 | 54 224 105 -35.0 L0.5
2 e - LHot2 A
= ghs,e;' TellusOIl | o702 | 460 | 6.9 228 105 -35.0 L15 | Sos,
% _ P
;hg' Tellus Ol | gag77 | 680 | 86 | 228 | 100 | -350 | LL5
e |Energol HLP32 | 0876 | 32 | 54 | 216 108 -30 1.0
2t Germany
0il | Energol HLP 46 | 0.879 46 6.9 205 105 .30 15 DIN
E 51525
x| | Energol HLP 68 | 0.882 68 9.0 240 105 .34 L2.0
= | Rando HD 32 0875 | 321 | 56 210 112 .33 1.0
Lt
< | Rando HD 46 0879 | 441 | 68 216 110 .33 1.0
# | Rando HD 68 0884 | 644 | 87 220 108 .30 1.0

-34- Fluid Power -&5<t




TTHEH T OTT

Report

E Text Problems
B 2-27
B 2-34
B 2-40

P Duedate: 2=

A

|
e Fluid Power &%=t
|




