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Lampiran 1. Rencana Pembelajaran Semester (Output Kegiatan 1)

MATA KULIAH KODE DOSEN PENGAMPU BOBOT (SKS) | SEMESTER TANGGAL PENYUSUNAN
Sistem Hidraulik dan Pneumatik TM201505 Gad Gunawan 3 7
OTORISASI KOORDINATOR MK KOORDINATOR PROGRAM STUDI
Gad Gunawan Andi Idhil Ismail, S.T., M.Sc., Ph.D
CAPAIAN CAPAIAN PEMBELAJARAN LULUSAN (CPL) YANG DITITIPKAN PADA MATA KULIAH
PEMBELAJARAN
(cP) S9. Menunjukkan sikap bertanggung jawab atas pekerjaan di bidang keahliannya secara mandiri
KU2. Mampu menunjukkan kinerja mandiri, bermutu, dan terukur
P3. Mampu menguasai prinsip rekayasa untuk menemukan sumber masalah rekayasa kompleks pada sistem mekanik melalui proses
penyelidikan, analisis, interpretasi data, dan informasi berdasarkan prinsip — prinsip rekayasa
KK3. Mampu mengembangkan prinsip rekayasa untuk menemukan sumber masalah rekayasa kompleks pada sistem mekanik melalui proses
penyelidikan, analisis, interpretasi data, dan informasi berdasarkan prinsip —prinsip rekayasa
CAPAIAN PEMBELAJARAN MATA KULIAH (CPMK)
Mampu menerapkan prinsip dasar hidraulik dan pneumatik dalam pemanfaatannya di industri
DESKRIPSI Memberikan dasar-dasar tentang pemanfaatan tenaga hydraulics & pneumatics. Prinsip pemindahan tenaga yang berkaitan dangan karakteristik
SINGKAT MK fluida yang digunakan. Karakteristik komponen, operasi dan fungsinya. Pemahaman sirkuit hydraulics/pneumatics dan kontrol diskrit. Pemilihan
komponen peralatan dari sirkuit yang ada. Pemanfaatan sistem hydraulics & pneumatics dalam industri, baik kekurangan maupun kelebihan
dibanding sistem lainnya.
BAHAN KAJIAN 1. Komponen hidraulik dan pneumatik
2. Sistem hidraulik
3. Sistem pneumatik
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PUSTAKA

UTAMA

Esposito, A., (2014). Fluid Power with Applications, New York : Prentice Hall

PENDUKUNG

1. Rabie, M. Galal, (2009). Fluid Power Engineering, New York : Mc Graw Hill
2. Drs. Wirawan, M.T . Bahan Ajar Pneumatik — Hidraulik. Universitas Negeri Semarang
3. Barber, A. (1997). Pneumatic Handbook 8th Edition. Elsevier Science & Technology Books

MEDIA 1. Text Book

PEMBELAJARAN 2. Google meeting, Moodlle
3. Video

MATA KULIAH Mekanika Fluida Il

PRASYARAT
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RENCANA PEMBELAJARAN SEMESTER

Minggu Sub-CPMK Bahan Kajian Bentuk/ Aktivitas Penilaian Durasi (menit) Pustaka
ke- (Kemampuan Metode Belajar Kriteria Indikator Bobot
akhir yg Pembelajaran
direncanakan)
(1) (2) (4) (5) (6) (7) (8) (9) (10) (11)
Komponen-
1 komponen sistem
hidraulik: 150
e Pengenalan . .
Mahasiswa |® Karakteristik * I\./Ienglde.nt|f|k:.;15| 1. Espositof
mengetahui Fluida Hidraulik Kuliah / Tanya/ sistem hldl’{:.]uhk 2000);
komponen- |e Pompa Ceramah, Jaw!b' Ketepatan * kMafglfti[:;?tLiJII( 2. Rabie
komponen |e Aktuator Problem ! dalam : - (2009);
2 Sistem e Control Valve Based Tugas menjawab fluida . 3. Wirawan
Hidraulik e Conduktor and Learning Kelompok . Mengetahm. 150 . Sistem
fitting komponen sistern Hidraulik
e Ancilary hidraulic aradt
devices
3 150
4 150

37




Mahasiswa

5 mampu Sistem hidraulik: Tutorial/ 150 Esposito(
mendesain Desain dan . Ketepatan Mendesain dan 2000);
e Pembelajaran Tugas L .
dan analisis Sistem . dalam menganalisis sistem Wirawan
. . . . berbasis Besar . . . .
menganalisis Hidraulik Tueas Besar menjawab hidraulik ; Sistem
6 sistem g 150 Hidraulik
hidraulik
Mahasiswa
Kuliah
mga::tgl:\ui Sistem hidraulik: Cerama{1 Tanva Ketepatan Mengetahui Esposito(
7 eragwatan e Perawatan Sistem Diskusi ! Jaw:b dalam perawatan sistem 150 2000);
P sistem Hidraulik OISI.USI menjawab hidraulik
nline
hidraulik
8 UJIAN TENGAH SEMESTER (UTS)
Esposito(
Kuliah / 2000);Ba
Komponen- Ceramah, : 1b3'
komponen sistem Problem . o avie
9 pneumatik: Based e Mengidentifikasi (2009)
: ase .
e Pengenalan Learning sistem ' 150 Ba.b 11
e Karakteristik pneumatik Wirawan
Fluida Pneumatik Tanya/ Ketepatan o Mengeta?hl.u , Sistem
Jawab; karakteristik Pneumat
Mahasiswa | Kompresor T dalam fluida ik
. |® Aktuator ugas menjawab .
mengetahui Kelompok e Mengetahui 150
komponen- e Control Valve komponen
10 komponen e Conduktor and sistem
Sistem fltt!ng o Pneumatik
Pneumatik |°® Fluid Conditioners
11 150
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12 150
Esposito(
13 . 150 2000);Ba
Sist tik: Tutorial Rabi
mendesain 'S em pneuma .I . y 0”?/ Ketepatan Mendesain dan abie
Desain dan analisis Pembelajaran Tugas N (2009)
dan . . . dalam menganalisis sistem
. . Sistem Pneumatik berbasis Besar . . Bab 11
menganalisis menjawab Pneumatik .
14 . Tugas Besar 150 Wirawan
sistem .
. , Sistem
Pneumatik
Pneumat
ik
Mahasiswa Barber
Kuliah (1997)
mampu . . uliah / . .
. | Sistem Pneumatik: Ketepatan Mengetahui Bagian 4
mengetahui i Ceramah, Tanya . .
15 e Perawatan Sistem . . dalam perawatan sistem 150 Wirawan
perawatan . Diskusi Jawab . . .
. Pneumatik menjawab pneumatik , Sistem
sistem Online
. Pneumat
pneumatik .
ik
16 UJIAN AKHIR SEMESTER (UAS)

KOMPOSISI NILAI EVALUASI

1.

2
3.
4

Tugas Kelompok 30%

Tugas Besar

uTsS

UAS

40%
15%
15%
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Lampiran 2. Bahan ajar/Presentasi mata kuliah Sistem Hidraulik
dan Pneumatik (Output Kegiatan 2)
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KETERLAMBATAN kehadiran dalam kelas LEBIH DARI 15 MENIT setelah jam masuk kelas akan diberikan sanksi
TIDAK DIIZINKAN MENGIKUTI PERKULIAHAN kepada mahasiswa yang bersangkutan.

KETERLAMBATAN kehadiran dosen lebih dari 10 menit setelah jam masuk kelas maka kelas pada hari itu ditiadakan
namun mahasiswa dianggap hadir.

KECURANGAN yang meliputi kegiatan plagiat, curang, dan/atau menyontek dalam setiap EVALUASI (UJIAN TULIS)
akan diberikan sanksi NILAI 0 ATAU E kepada mahasiswa yang bersangkutan.

KETIDAKHADIRAN pada waktu tugas kelompok (presentasi) akan diberikan sanksi nilai O kepada mahasiswa yang
bersangkutan.
KETERLAMBATAN pengumpulan tugas individu dan tugas kelompok akan diberikan sanksi PENGURANGAN NILAI
EVALUASI sebesar 5 POIN PER HARI (maks 20 poin) kepada mahasiswa atau kelompok tugas mahasiswa yang
bersangkutan.



Jika ada laporan KEKURANG-AKTIFAN / KETIDAK-AKTIFAN satu atau lebih mahasiswa dalam satu
kelompok oleh pimpinan kelompok (kepada dosen pengajar) maka akan diberikan sanksi
pengurangan nilai tugas kelompok sebesar maksimal 50% kepada mahasiswa yang bersangkutan.
Mahasiswa yang TIDAK MEMENUHI SYARAT KEHADIRAN 80% akan mendapat NILAI E.

Mahasiswa yang melakukan KECURANGAN DALAM PENGISIAN DAFTAR HADIR akan diberikan
sanksi TIDAK LULUS.

Mahasiswa yang membantu mahasiswa lain untuk melakukan KECURANGAN DALAM PENGISIAN
DAFTAR HADIR akan diberikan sanksi PENGURANGAN 20% SELURUH NILAI EVALUASI.

Mahasiswa yang TIDAK HADIR pada waktu kuliah maupun presentasi tugas karena alasan yang jelas
harus membawa surat keterangan dari instansi yang berwenang. Surat ijin harus diserahkan kepada
Tata Usaha paling lambat 1 (satu) minggu sejak ketidakhadiran mahasiswa yang bersangkutan.



Al MATERI METODE

KE
’ Kontrak Perkuliahan dan Pengenalan Kuliah
Komponen-Komponen Sistem Hidrolik
2-3 Komponen-komponen Sistem Hidrolik Problgm 2
Learning
4—-6 Desain dan Analisis Sistem Hidrolik Tugas Besar
Perawatan Sistem Hidrolik Kuliah
Ujian Tengah Semester Tes Tulis




MINGGU

KE MATERI METODE
911 Komponen-komponen Sistem | Kuliah (9); Problem Based
Pneumatik Learning(10-11)
19_14 Desain _dan Analisis  Sistem Tugas Besar
Pneumatik
15 Perawatan Sistem Pneumatik Kuliah
16 Ujian Akhir Semester Tes Tulis




~ PENILAIAN

m Tugas Kelompok : 30%

m Tugas Besar 1 40%

m Ujian Tengah Semester : 15%

m Ujian Akhir Semester : 15%




Mampu menerapkan prinsip dasar hidrolik dan
pneumatik dalam pemanfaatannya di industri



Utama :
Esposito, A., (2000). Fluid Power with Applications, New York : Prentice Hall

Pendukung :

1.
2.

Rabie, M. Galal, (2009). Fluid Power Engineering, New York : Mc Graw Hill
Drs. Wirawan, M.T . Bahan Ajar Pneumatik — Hidrolik. Universitas Negeri
Semarang

Watton, John, (1997). Modelling, Monitoring and Diagnostic Techniques for
Fluid Power Systems London : Springer

Barber, A. (1997). Pneumatic Handbook 8th Edition. Elsevier Science &
Technology Books
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* Fluid power is the technology that deals with the generation, control, and transmission of
power, using pressurized fluids.

* Fluid power is called hydraulics when the fluid is a liquid and is called pneumatics when
the fluid is a gas.

Figure 1-2. Pneumatically
powered link chain hoist.
(Courtesy of Ingersoll-Rand
Corp., Southern Pines, North
Carolina.)

Figure 1-1. Hydraulic chain saw. (Courtesy of Greenlee Textron, Inc.,
Rockford, Hlinois.)



History

1650 - Pascal’s law - pressure

1750 - Bernoulli - law of conservation of energy for a fluid flowing in a pipeline

1870 - Industrial Revolution - cranes, presses, winches, extruding machines,
hydraulic jacks, shearing machines, and riveting machines

1906 — hydraulic system was developed to replace electrical systems for elevating
and controlling guns on the battleship USS Virginia.

1926 - United States developed the first unitized, packaged hydraulic system consisting
of a pump, controls, and actuator.The military requirements leading up to World War II
kept fluid power applications and developments going at a good pace.



Figure 1-3(a) is a photograph of a robotized panel bender system
that bends metal sheets into parts called panels. The panels are
produced by taking incoming flat sheets and bending them one
or more times along one or more sides.The bending forces
required for the operation of this machine (also called a press-
brake) are provided by a hydraulic press cylinder with a 150-ton
capacity. The piston of the hydraulic cylinder has a stroke of 14
in, a rapid traverse speed of 450 in per min, and a maximum
bending speed of 47 in per min.The system illustrated is
computer controlled and utilizes a robot whose movements are
coordinated with the movements of the press-brake.This allows
the robot to automatically feed the press-brake with the metal
sheets to be formed into panels. The robot also unloads and
stacks the processed panels so that the entire system can be
operated unattended without interruption. The machine station
where the bending operations occur is located just to the right of
the computer console shown in Figure 1-3(a).

(a) Robotized panel bender system.



(a) B-2 in flight.

(b) B-2 hydraulic flight control servoactuator.

Figure 14. The B-2 Stealth
Bomber. (Courtesy of
Moog, Inc., East Aurora,
New Yor! k.]



JLJ 1D POWER

1. Ease and accuracy of control. By the use of simple levers and push buttons, the
operator of a fluid power system can readily start, stop, speed up or slow down, and
position forces that provide any desired horsepower with tolerances as precise as one
ten-thousandth of an inch.

2. Multiplication of force. A fluid power system (without using cumbersome
gears, pulleys, and levers) can multiply forces simply and efficiently from a fraction
of an ounce to several hundred tons of output.

3. Constant force or torque. Only fluid power systems are capable of providing
constant force or torque regardless of speed changes.This is accomplished whether
the work output moves a few inches per hour, several hundred inches per minute, a
few revolutions per hour, or thousands of revolutions per minute.

4. Simplicity, safety, economy. In general,

1 e 1 ad
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Constant force or torque

Figure 1-5. Hydraulic operation of
aircraft landing gear. (Courtesy af
National Fluid Power Association,

Simplicity, safety, economy
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Fll.lid power et A /M;/ Fluid power
drives high- s 7 i is the muscle
wire in industrial
overhead lift trucks
tram

Fluid power
drives
excavators

Fluid power is applied to harvesting soybeans



PUMP

RESERVOIR

Figure 1-16. Basic hydraulic svstem
with rotary hydraulic actuator

imotor). (Courtesy of Sperry Vickers,
Sperry Rand Corp, Troy, Michigan.)



“COMPONENTS OF A FLUID|

A

-
i

4]

List of Components

A—Reservaoir E—Directional Valve

B—Electnc Motor F—Flow Control Valve

C—Pump G—Right-Angle

D—Maximun Pressura Check Valve
{Rehef! Valve H—Cylinder

Figure 1-15. Basic hydraulic system with linear hvdraulic actuator (cvlinder).
{Courtesy of Sperry Vickers, Sperry Rand Corp, Troy, Michigan_}



Technical personnel who work in the fluid power field can generally be placed into three categories:

Fluid power mechanics. Workers in this category are responsible for repair and maintenance of fluid
power equipment.They generally are high school graduates who have undertaken an apprenticeship
training program. Such a program usually consists of three or four years of paid, on-the-job training plus
corresponding classroom instruction.

Fluid power technicians. These people usually assist engineers in areas such as design, troubleshooting,
testing, maintenance, and installation of fluid power systems. They generally are graduates of two-year
technical and community colleges, which award associate degrees in technology.The technician can
advance into supervisory positions in sales, manufacturing, or service management.

Fluid power engineers. This category consists of people who perform design, development, and testing
of new fluid power components or systems.The fluid power engineer typically is a graduate of a four-year
college program. Most engineers who work on fluid power systems are manufacturing, sales, or
mechanical design oriented. They can advance into management positions in design, manufacturing, or
sales.
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F=W=mg

Specific Weight
W
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Specific Gravity
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Force and Pressure
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A FOOT-50UARE
SECTION OF WATER
10 FEET HIGH
CONTAINS 10
CUBIC FEET. IF
EACH CUBIC FOOT

WEIGHT 62.4 POUNDS _.

. THE TOTAL WEIGHT

HERE |5 624 POUNDS.
THE PRESSURE DUE
TO THE WEIGHT IS
624 + 144 SOUARE

INCHES OR 4.33 psi ——

—

f\::;:fﬁ”

— 0.433 psi
32 IF 10 FEET OF WATER

OME FOOT EQUALS 0.433,
EFEET EQUALS
2,165 AND S0 ON.

— 2.165 psi

—4.33 psi

Figure 2-6. Pressure developed by a 10-ft column of water. (Courtesy of
Sperry Vickers, Sperry Rand Corp, Troy, Michigan.}

IS EQUIVALENT TO 4.33 psi,

1. A CUBIC FOOT OF
DIL WEIGHS ABOUT
BE-58 POUMDS.

2. IF THE WEIGHT IS DIVIDED
EQUALLY OVER THE 144 SOUARE
INCHES OF BOTTOM, THE FORCE
OMN EACH SQUARE INCH IS 0.4
POUNDS. FRESSURE AT THE
BOTTOM THUS IS 0.4 psi.

3. A TWO-FOOT COLUMMN
WEIGHS TWICE AS MUCH, THUS
THE PRESSURE AT THE BOTTOM
IS 0.8 psi.

Fipure 2-7. Pressures developed by 1- and 2-ft columns of ol
{Courtesy of Sperry Vickers, Sperry Rand Corp, Trov, Michigan. }



Atmospheric Pressure

3. WITH A FERFECT VACUUM
HERE.

w\___ﬂ_h‘

2. WOULD SUPPORT A

£y COLUMM OF MERCURY

THIS HIGH ...

R

30.0 INCHES

e

=

1. ATMOSPHERIC PRESSURE
HERE ...

figure 2.9, Operation of a mercury barometer. (Countesy of Sperry Vickers,
Sperry Rand Corp., Troy, Michigan. }

Dats = Paage + Puim

ABSOLUTE
PRESSURE (psia)
L
1 PRESSURE p,—
* A .
10 p=i
247 psia GAGE PRESSURE
ABSOLUTE ATMOSPHERIC PRESSURE—
PRESSURE - - - = - -
P o
14.7 psia PRESSURE p—y " P IGAGE PRESSUREI L

ABSOLUTE 55 o

PRESSURE ppaoil)
PRESSURE| aRSOLUTE ZERO PRESSURE ICOMPLETE VACUUMI—

REFERENCE
FOR GAGE
PRESSURED psig!

Figure 2-10. Difference between absolute and gage pressures

REFERENCE
FOR

ABSOLUTE
PRESSUREID peial



Length, Mass, and Force Comparisons with
English System

One meter equals 394 in = 328 L.
One kilogram equals L0685 slugs.
One newton equals 0,225 I,

IN=Tkgx 1 m/s Pressure Comparisons
Since the acceleration of gravity at sea level ! Pa = 1 N/
equals 9.80 m/s., a mass of 1 kg
weighs 9.80 N. Also, since 1 N 0.225 1b, a | Pa = 0.000145 psi

mass of 1 kg also weighs 2.20 Ib.

| bar = 10° N/m® = 10° Pa = 14.5 psi



Temperature
Comparisons

Unit

T({°F) = 1.8T{*C) + 32 (2-11)

Thus, to find the equivalent Celsius temperature corresponding to room tempera-
ture (68°F), we have:

T(°F) — 32 g8 — 32
1.5 T 18

T(°C) = = 20°C

21z || |F-——————- 100 =— BOILING
TEMPERATURE
OF WATER

| ———— CAPILLARY
1 TUBE

v | | A—— M| 20 -— ROOM
TEMPERATURE

3z [ —————- 0 =— FREEZING
TEMFERATLIRE

= OF WATER
@ % BULB igure 2-11.  Comparison of

MERCURY the Fahrenheit and Celsius
temperature scales




Prefix

Prefix Name SI Symibaol Mulnphication Factor
lera T 10t

miga G g

mega M iy

kilo k g

centl C 102

mmulli m 107

micro m 105

Nano n 1n®

pIco p (i

Fipure 2-12. Prefixes used in metric system to represent powers of 10.



BULK MODULUS

The highly favorable power-to-weight ratio and the stiffness of hydraulic systems make
them the frequent choice for most high-power applications. The stiffness of a hydraulic
system is directly related to the incompressibility of the oil. Bulk modulus is a measure
of this incompressibility. The higher the bulk modulus, the less compressible or stiffer
the fluid. Mathematically the bulk modulus is defined by Eq. below, where the minus
sign indicates that as the pressure increases on a given amount of oil, the oil’s volume
decreases, and vice versa:

AV/V

I —
=



VISCOSITY

Viscosity is probably the single most important property of a hydraulic fluid. It is
a measure of a fluid’s easily and is thin in appearance. A fluid that flows with
difficulty has a high viscosity and is thick in appearance. In reality, the ideal
viscosity for a given hydraulic system is a compromise.

Too high a viscosity results in

1. High resistance to flow, which causes sluggish operation.
2. Increased power consumption due to frictional losses.

3. Increased pressure drop through valves and lines.

4. High temperatures caused by friction.

On the other hand, if the viscosity is too low, the result is

1. Increased oil leakage past seals.

2. Excessive wear due to breakdown of the oil film between mating moving parts.
These moving parts may be internal components of a pump (such as pistons
reciprocating in cylinder bores of a piston pump) or a sliding spool inside the body
of a valve, as shown in Figure 2-13.resistance to flow.When the viscosity is low,
the fluid flows

'

2. INSIDE ITS BODY...
| 3. 0N A THIN FILM OF
HYDRAULIC FLUID { SHOWN
GREATLY EXAGGERATED).

1. ATYPICAL SLIDING
VALVE SPOOL MOVES f
BACK AND FORTH ... ]

4. IF THIS PASSAGE IS UNDER
PRESSURE, THE FLUID FILM
SEALS IT FROM ADJACENT
PASSAGE.

Figure 2-13. Fluid film lubricates and seals moving parts (Courtesy of Sperry
Vickers, Sperry Rand Corp., Troy, Michigan. }



AR

id Property

T F/A B shear stress in oil

Y ¥ a slope of velocity profile

|=—
—F e WIOVING PLATE _ F—

T OIL-FILM -
I THICKNESS VELOCITY PROFILE {SLOFE _’%

I STATIONARY PLATE I
i i i

Figure 2-14. Fluid velocity profile between parallel plates due to viscosity.



Kinematic Viscosity
Calculations in hydraulic systems often involve the use of kinematic viscosity rather
than absolute viscosity. Kinematic viscosity equals absolute viscosity divided by

density:

Ll

o=

Wl



Viscosity Index

For t = 100 SUS:

For t = 100 SUS:

Viscosity index:

r= L2260 — s
I
135
r=0.2Xn —
L—-un
VI = = 100
L—H

(2-16)

(2-18)

ExamrLe 2-14

A sample of oil with a V1 of 80 is tested with a (-V1 oil and a 100-V1 oil whose
viscosity values at 100°F are 400 and 150 5175, respectively. What is the viscosity
of the sample oil at 100°F in units of SUS?

Soluiion Substitute directly into Eq. (2-18):

L=tk

Vi= = 100
E—H
400 — U

80 = * 100
400 — 150



FREE SURRACE

FREE SURFACE

LAKE

Figure 2-2.  Free surface of a
b liquid.

RN

Figure 2-3. A gas always fills
its entire vessel.

A

N
N
N
NG
e MOLECULE
N
N
N
[,
[

R

Parameter Ligud (;as
Volume Has its own volume Volume 15 determined by
container
Shape Takes shape of container Expands to completely fill
but only to its volume and take the shape of

the container

Compressibality Incompressible for most Readily compressible
engineering applications

Fipure 2-4. Physical differences between higuids and gases
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TOP CARRIER
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HEAT

ENERGY OUT MECHAMICAL
ENERGY QUT
r———————————————{ﬁ? _____________ f}ﬁ:’
I |
PRIME |! | HYDRAULIC HYDRAULIC HYDRAULC || | EXTERNAL
MOVER T’ PUMP [ | CRBCUIT [ | ACTUATOR 'I“' LOAD
A '
|
L e e e e e e e e e e e e e e e e e e e o e -
MECHANICAL v HYDRAULIC SYSTEM
ENERGY IN (CONTAINED WITHIN DASHED LINES)

tgure 3-1.  Block diagram of hvdrauhc system showing major components along
with energy input and output terms



Dynamic (nonpositive displacement) pumps. This type is generally used for low-
pressure, high-volume flow applications.

Positive displacement pumps. This type is universally used for fluid power systems.
As the name implies, a positive displacement pump ejects a fixed amount of fluid into
the hydraulic system per revolution of pump shaft rotation. Such a pump is capable of
overcoming the pressure resulting from the mechanical loads on the system as well as
the resistance to flow due to friction. These are two features that are desired of fluid
power pumps.



Advantages positive displacement pumps:

a. High-pressure capability (up to 12,000 psi)

b. Small, compact size

c¢. High volumetric efficiency

d. Small changes in efficiency throughout the design pressure range

e. Great flexibility of performance (can operate over a wide range of pressure
requirements and speed ranges)



TO HYDRAULIC SYSTEM

DISCHARGE
!!! LINE
Wﬁk‘ﬁhﬁz %
=

MOTICMN
- R ?
F ']

FRIME

0D
DS

MOVER mﬁﬁﬁ‘ﬁlbﬁw

CYLINDER LET

LINE

FORCE
;Eg VENT

LI B B B S A S A
_-_,i'

OIL LEVEL

a

v

QiL
TANE

Figure 5-4. Pumping action of a simple piston pumgp.



External Gear Pump

4 DUTLET FRESSURE AGAINST 3. AND FORCED OUT
TEETH CALUSES HEAVY SIDE- OF PRESSURE PORT AS
LOADING ON SHAFTS AS OUTLET TEETH GO BACK INTO

INDICATED EY ARROAWS.

DRIVE GEAR

2. OIL I3 CARRIED ARDUMD
HOUSING IN CHAMEBERS

FORMED BETWEEMN TEETH, 1. VACUUM IS CREATED HERE AS
HOUSING AMD SIDE FLATES ... TEETH UNMESH. DIL ENTERS FROM
RESERVOIR.

Fipure 5-7. External gear pump operation. (Courtesy of Sperry Vickers, Sperry
Rand Corp., Troy, Michigan |

Figure 5-9. Detailed features of an external pear
pump. {Courtesy of Webster Electric Company,
Inc., subsidlary of STA-RITE Industries, Inc,
Racine, Wisconsin.)



Internal Gear Pump

1. OIL ENTERING HERE ... & THROUGH THIS
PORT.

5. TO THIS POINT,
WHERE COMNSTANT

1}
: - k MESHING OF TWO
: , GEARS FOACES OIL ...
-*"m
‘; — CRESCENT SEAL
i L]
-...-_ k- ‘ J
A

3. FROM THE SPACES 4. 1% CARRIED IM THESE
BETWEEM THE TEETH OF SFACES ..
THIE INTERNAL GEAR ...

2. BY THE CONSTANT
WITHDRAWAL OF TEETH
ON THIS GEAR ...

INMER GEAR

Fipure 5-1t. Operation of an internal gear pump. {Cosrtexy of Sperry Vickers,
Sperry Rand Corp., Troy, Michipan )

Figure 5-11. Cutaway view
of an internal gear pump with
built-in safety relief valve.
(Courtesy of Viking Pump
Diviston of Houdallle
Indusirtes Inc, Cedar Falls,
lowa.)
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Lobe Pump

OUTLET

Figure 511, Operation of the lobe pump. {Courtexy
INLET of Sperry Vickers, Sperry Rand Corp., Troy, Michigan. )



Gerot

GEROTOR ELEMENT

Figure 5-14. Gerotor pump. (Courtesy of
Brown & Sharpe Mfg. Co., Manchesier,
Michigan )

DISCHARGE PORT

Figure 5-13. Operation of
the Gerotor pump. (Courfesy
of Sperry Vickers, Sperry
Rand Corp., Trow, Michigan_)
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Figure 5-15. Nomenclature of a screw pump. (Courtesy of Del.aval, IMO Pump Division,
Trenton, New Jersey.)
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Figure 5-16. Screw pump. (Courtesy
of Delaval, IMO Pump Diviston,
Irenton, New Jersey.)
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CamM RING SURFACE
|

2. IS CARRIED ARDUND RING RoTOR
IN PUMFING CHAMEERS | ASIDE LOAD IS EXERTED
ON BEARINGS BECAUSE

FLUMFING
CHAMEERS

SHAFT

|
NTRICITY|
I

1. OIL ENTERS &5 SFACE

BETWEEMN RING ARND
ROTOR INCREASES

3. AND 15 DISCHARGED
AS SFACE DECREASES.

CASTING VANES

Fipure 5-17. Vane pump operation. (Courtexy of Sperry Vickers, Spermy Rand
Corp, Trow, Michigan. |

OF PFRESSURE UNBALANCE.

VANE PUMPS




Pressure-Compensated Vane Pump

PRESSURE (p)

SLOPE DEPENDS
ON STIFFNESS OF
P reroHEAD 4+~ COMPENSATOR SPRING
Pocutoer [~~~
g FLOW iQ}
* 1 Figure 5-19. Pressure versus flow for pressure-
6=0 €= Emax compensated vane pump.

Figure 5-20. Cutaway photo-
graph of pressure-compensated
vane pump. (Courtesy of
Continental Hydrawlics, Diviston
of Continental Machines, Inc.,
Savage, Minnesota.)

PRESSUAE COMPENSATOR
ADJUSTMENT ITURN
CLOCKWISE TO INCREASE
SETTING]

VANE PUMPS

THRAUST SLOCX

PHESSURE RING

OFTION - 10

MAXIMUM DISPLACEMENT
ADJUSTMENT ITUAN
CLOCKWISE TO REDUCE
MAXIMUM FLOow|

COVER PLATE

VALVE PLATE

SPACER RING FIXES
CLEARANCE DETWEEN
ROTOR AN PL ATES

Figure 5-18. Vanable displacement. pressure-compensated vane pump. (Courtesy of Brown &

Sharpe Mfg. Co., Manchester, Michigan.)



Balanced Vane Pump

ROTATION QUTLET  poTaTIiON

=,

R

ROTOR | IMLET OFPOSING FRESSURE PORTS
I CAMCEL SIDE LOADS ON
DRIVE SHAFT SHAFT

Figure 521. Balanced vane pump principles. { Couriesy of Sperry Vickers,
Sperry Rand Corp., Troy, Michipan. )

Figure 5-22. Cutaway view of
balanced vane pump. (Courtesy
of Sperry Vickers, Sperry Rand
Corp., Troy, Michigan.)



LIHIWERSAL LItk

MATOM ROD
CYLIMDEE BLOCK
SOTATIMG SHAFT CAUSES

P
N FSTOMS TO REC|PROMCATE

QL FORCED TC
QUTLET a5 FISTOM
15 PUSHED BACK
FNTO CYLIMDER

TO OUTLET
PISTOM 15 WITHDRAW| MG

FROwM BORE AT IMLET

FRCwA BRILET

Figure 5-13.  Axial piston pumgp {bent-axis type). (Courfexy of Sperry
Vickers, Sperry Rand Corp, Troy, Michigan. |

LESS ANGLE

| MO STROKE

Figure 5. Volumetric displacement changes
MO ANGLE with offset angle. (Couresy of Sperry Vickers,
Sperry Rand Corp, Troy, Michipan. j

VALVE PLATE

PISTONS OQUTLET FLANGE
/ / OUTLET PINTLE
J

QUTLET FLOW

INLET FLOW

DRIVE SHAFT

VALVE

BLOCK INLET PINTLE

ACTUATING CONTROL

CYLINDER BLOCK (HANDWHEEL TYPE)

Figure 5-25. Varniable displacement piston pump with handwheel. (Courtesy of Sperry
Vickers, Sperry Rand Corp., Troy, Michigan.)



In-Line Piston Pup (Swash Plate Design)

2. AND ARE FORCED
VALVE PLATE SLOT BACK INAT OUTLET

PISTON SUB-ASSEMBLY

\ DRIVE SHAFT
SWASH PLATE

SHOE PLATE
CYLINDER BLOCK BORE (RETRACTOR RING)

1. PISTONS WITHDRAW
FROM BORE AT INLET

Figure 5-27. Swash plate causes pistons to reciprocate. (Courtesy of
Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)

YOKE PIVOTS TO CHANGE
SWASH PLATE ANGLE
COMPENSATOR

SHAFT SEAL

PORT

f Figure 5-28. Variable dis-

ROTATING GROUP placement version of in-line

P piston pump. (Courtesy of

SWASH DRIVE SHAFT Sperry Vickers, Sperry Rand
T Corp., Troy, Michigan.)

SPHERICAL ' R SBREEIE ‘I
WASHER b
PISTON SHOE
13 3 R
PISTON
SHOE PLATE
PISTON SHOE PLATE

PORT CONNECTIONS

VALVE PLATE

ROTATING GROUP

(RETRACTING RING)

PINS TRANSMIT
SPRING FORCE
TO SPHERICAL
WASHER WHICH
IN TURN HOLDS
SHOE PLATE
(RETRACTOR RING)
our.

DRIVE SHAFT

HOUSING

Figure 5-26. In-line design piston pump. (Courtesy of Sperry Vickers,

Sperry Rand Corp., Troy, Michigan.)



Radial Piston Pump

REACTION RING
CEMTERLINE —= . CYLINDER BLOCK
” CEMTERLINE

FINTLE

PISTONS

Fipure 5-3, Operation of a
radial pston pump. {Courtesy
of Sperry Vickers, Sperry Rand
Corp., Troy, Michipan. )

CYLINDER BLOCE

| IMLET

REACTION RING

Figure 5-31. Cutaway view of
a radial piston pump. (Courtesy
of Deere & Co., Moline,
lilinots.)
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lume”tric

actual flow-rate produced by pump [N

e theoretical flow-rate pump should produce B E
Mechanical efficiency (1,,)

_ pump output power assuming no leakage theoretical torque required to operate pump 77

actual power delivered to pump T = actual torque delivered to pump T,

m

Overall efficiency (77,)

actual power deliveed by pump — ><
overall efficiency = —
v CIEREY T Actual power delivered to pump nO n‘U nm



- Hydraulic cylinders

- hydraulic motors



E EXTENSION
—_—

ROD ‘

PISTON

/ﬁ RETRACTION

BARREL
OIL FROM

PUMP
(a) SCHEMATIC DRAWING

Figure 6-2. Single-acting hydraulic cylinder.

(b) GRAPHIC SYMBOL

LONG WEARING, DUAL PURPOSE 0" RING
CAATRIDGE TYPE WITH BACKUP WASHER

BRONZE BUSHING \ ADEQUATE PORTING

ST Tune

( TIE ROD CONSTRUCTION FOR
MAXINUM STRENGTH
;

HGH TENSLE STEEL

SUPER FINISHED, HARD
CHAOME FLATED
PSTON ROD

AWRENCH FRLATS

DOUSBLE ACTING

YAr —
ROD varen — SELF-LOCKING TIEROD
NUTS

/

ASSIST OR PRY GROOVE FOR
EASY CAATRIDGE RENMOVAL

LOW PRICTION, SELF. —
ADJUSTING, LONG

WEASNG, MULTHLIP
ROD RACKING

ALL STEEL HEADS
AND MOUNTINGS

TAPERED CUSHION
PISTONS FOR SHOCK FNeE
DICELERATION

EASILY REMOAVED RRONTF
ROD CARTRIDGE ~ HELD
INPLACEBY STEEL

v TESC
A e TN MODSIED U-CUP PISTON
PACKINGS !
DUCTILE IRON #ISTON, THREADED
AND DOWEL SCREWED T
[ DOWEL SCREWED T0 AOD LS RS e
SEALED
EXTRUSION PROOF

0" ANG

Figure 6-3. Double-sting ofinder design. Cowrnesy of Shefer Corpe Chudaned Ohio )



—- % | Flaad ext % i p | Flnad[_et
p = ~=[ ROD A ~[ ROD —
J-_( — % rﬂ v, E % - h—_L v
- P ret
in ﬂin
PISTON PISTON
Flnad ext P Fln:nad ret
p | ROD )™ C ROD  (I—*=
Vest P Vret
DURING EXTENSION, THE ENTIRE PISTON DURING RETRACTION, ONLY THE ANNULAR
AREA {Ap) WHICH IS SHOWN SHADED IN AREA AROUND THE ROD (Ap-Ar) WHICH
THE LOWER VIEW, IS EXPOSED TO FLUID IS SHOWN SHADED IN THE LOWER VIEW,
PRESSURE. IS EXPOSED TO FLUID PRESSURE.
(a) EXTENSION STROKE {b) RETRACTION STROKE

Figure 6-7. The effective area of double-acting cylinders is greater for the extension
stroke than it is for the retraction stroke.



CYLINDER FORCE VELOCITY AND POWER

Extension Stroke

Fa(lb) = p(psi) x Ay (in®)
Foa(N) = p(Pa) X Ag{m®)

a0 fs

Uen(R/s) = ——— :'
A (M)
G:‘J{m:‘;"i:‘

Vem(myfs) =

TR ey

Retraction Stroke
Fralb) = ppsi) X (A, — A,)in’
Fra(N) = p(Pa) X (A, — A, )m*

O, [f3s)
(4, — AP

U (ff5) =

O [m1_." 5)

Uglmfs) = ———
i {."1.!:I = AI-}FH!

vp(ft/s) X F(lb) B Oin(gpm) X p(psi)
550 B 1714

Power (HP) =

Power (kW) = v,(m/s) X F(kN) = Q,,(m’/s) X p(kPa)



Stattonary

barriar
1
Figure 7-2. Rotary actuator.
{Courtesy of Rexnord Inc,
Rotating Hydraulic Componeniy
wana Diviston, Rocine, Wiscomsin. |

Figure 7-3. Rotary actuator.
{Courtesy of Fx-Cell-O Corp.,
Troy, Michigan.)




4, THESE TWO TEETH HAVE ONLY
TANK LINE PRESSURE OPPOSING

3. PRESSUAE BETWEEN TEETH IN THEM 3. PRESSURE BETWEEMTEETH IN
THIS SEGMENT PLISHES BOTH WAYS THES SEGMENT PLISHES BOTH WAYS
AND D0OES NOT AFFECT TORGUE AND DOES NOT AFFECT TOROUE

AS OIL IS CARRED ARDUND TD
OUTLET

ASOIL |5 CARRIED ARDUND TO

1. THESE TWO TEETH ARE SUBJECT 2 SEGMEMNTS OF TWO MESHING

TO HIGH PRESSURE AND TEND TD TEETH TEND T OPPOSE ROTATION

ROTATE GEARS IN DIRECTION OF MAKING MET TORQUE ANVAILABLE,
ARRDWS A FUNCTION OF ONE TOOTH

Figure 7-5.  Torgue development by a gear motor. (Courtesy of Sperry Vickers,
Sperry Rand Corp., Troy, Michipan. )

Figure 7-6. External gear motor.
(Courtesy of Webster Eleciric Company,
Inc., subsidiary of STA-RITE Indusiries,
Inc., Ractne, Wisconsin.)

Figure 7-7. Screw motor.
(Courtesy of Delaval, IMO Pump
Diviston, Trenton, New Jersey.)
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2. THE RESULTING 1. PRESSURE ON THIS VANE
FORCE ON THE VANE MEANS A FORCE ....
CREATES TORQUE ON
THE MOTOR SHAFT

SYSTEM PRESSURE

DRIVE SHAFT ROTOR

VIEW A BASIC OPERATION

1. THIS VARE |5
SUBJECT TO HIGH QUTLET
PRESSMEE AT THE

IMLET SIDE AMD LOW
PRESSURE CIPPOSITE

ROTATION

IMNLET

3, THE IMLET
COMMECTS TO TWO
OPPOSIMNG PRESIUKE

2. THE RESULTIMG FORCE PASSAGES TO RALAMCE
O THE WAME CREATES SIDE LOADS OM THE
TORGUE OM THE ROTOR ROTOR,

SHAFT

VIEW B BALARCED DESIGH

Figure 7-B. Operation of a vane motor. {Courtesy of Sperry Vickers, Sperry Rand
Corp,, Trov, Michigan.)



In-Line Piston Motor (Swash Plate Design)

5. AS THE PISTOR PASSES THE
IMLET, T BEGIMNS TO RETURNM
IMTC TS BORE BECAUSE CF

E
THE SWASH FLATE AMGLE, 4, THE MISTOMS, SHOE PLATE,
E:::"“{-H F‘*'-'“F I3 F";'E:T‘W AMD CYUIMDER BLOCK ROTATE
INTO THE DUTLET PORT. TOGETHER.  THE DRIVE SHAFT

15 SPLINMED TO THE CYLIMDER
BLOCK.

3. THE PIETOM THRUST
15 TRAMSMITTED TO THE
AMNGLED SWASH PLATE
CAUSING ROTATHON.

FATOM SUB
ALSEMBLY

CXUTLET PORT

DRIVE SHAFT
IMLET PORT

SHIOE RETANMNER PLATE

1. OIL UNDER

FRESIURE AT IMLET E
2. EXERTS & FORCE

O PISTOMS, FORCING
THEM QUT OF THE
CYLIMDER BLOCE

Figure 7-11. In-linc piston motor operation. {Conrtesy of Sperry Vickers,
Sperry Rand Corp, Tray, Michigan.)

bl

FIXED DISPLACEMENT

VALVE PLATE

PORT CONNECTIONS\ -

CYLINDER BLOCK SUBASSEMBLY
PISTON AND SHOE SUBASSEMBLY

SWASH PLATE IS
STATIONARY

DRIVE SHAFT

THESE PARTS ROTATE
BEARING HOUSING

VARIABLE DISPLACEMENT

COMPENSATOR SWASH PLATE IS
JMOUNTED IN

CONTROL PISTON SWINGING YOKE

PORT
CONNECTIONS

VALVE PLATE

ROTATING GROUP
PINTLE

HOUSING

Figure 7-12. Two configurations of in-linc piston motors. (Courtesy of Sperry
Vickers, Sperry Rand Corp., Troy, Michigan.)



b ¥’ N ~ B =
Axial Piston Motor (Bent-Axis Des

=]
IMAXIMUM DISFLACEMENT) {MINIMUM DISFLACEMENT]
Fipure 7-13. Motor displace-
M?&rﬁ'ﬂﬁ&?" MI;JIIK"IEJE".‘ME":LAESH ment varies with swash plate
AND AND angle. {Courtesy of Sperry
MAXIMUM TORQUE MINIMUM TORQUE kers, Sperry Rand Corp,
CAPABILITY CAFABILITY Troy, Michipan. )

3 UNIVERSAL LIME MAINTAING

ALIGHMENT 50 SMAFT AMD

CYLINDER BLOCK ALWAYS
TURM TOGETHER

4. OIL15 CARRIED [N FISTOMN
BORE T OUTLET AND FORCED
DUT AS PISTOIN IS PUSHED BACK
1M BY SHAFT FLAMGE

T3 TMLET
S 2. ASTON THAUST OM DRIVESHAFT
FLANGE RESULTS IN TOSQUE ON
SHAFT
TO CUTLET

CYLIMDER BLOCK

1. AL AT REQUARED PRESSURE AT
BMLET CAUSES A THEUST DM PISTONS

Figure 7-14. Bent-axis

5. THEREFORE PISTOR piston motor. (Courtesy
DISFLACEMENT AND af Sperry Vickers,
TOAQUE CAPABILITY Sperry Rand Corp.,

DEPEMND OM ANGLE Troy, Michigan. )

DRIVESHAFT

PORTS

Figure 7-15. Fixed displacement bent-axis piston motor. (Courtesy of Sperry
Vickers, Sperry Rand Corp., Troy, Michigan.)

VALVE PLATE
PISTONS OUTLET FLANGE
OUTLET FLOW - .
QUTLET PINTLE

INLET FLOW

DRIVE SHAFT

VALVE

BLOCK INLET PINTLE

CYLNDER BLOck ~ ACTUATING CONTROL
(HANDWHEEL TYPE)

Figure 7-16. Variable displacement bent-axis piston motor with handwheel control.
(Courtesy of Sperry Vickers, Sperry Rand Corp., Troy, Michigan. )
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Volumetric and Mechanical efficiency

Volumetric
cfficiency of &
hydraulic motor:

Mechanical
efficiency of a
hydraulic
motor:

Overall efficiency

na = 7?|-T]rrr

e =

theoretical flow rate motor should consume

actual flow rate consumed by maobor - iy

actual torque delivered by motor _ Ty

- torgque motor should theoretically deliver - Tr
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DIRECTIONAL CONTROL VALVES
PRESSURE CONTROL VALVES
FLOW CONTROL VALVES

SERVO VALVES

PROPORTIONAL CONTROL VALVES
CARTRIDGE VALVES

HYDRAULIC FUSES

A

[ Hydraulic Valves

Figure 8-1. Welding machinc application
using hydraulic control valves. (Courtesy of
¥ Owatonna Tool Co., Owatonna, Minnesota.)

CYLINDER \

SEQUENCE VALVE
> o=l L2

PRESSURE
SWITCH

r
1
1
1

il o
—~PUMP

=

CHECK VALVE

[~ 4-WAY VALVE
T~ GAUGE

CYLINDER

Figure 8-2. Hydraulic circuit
showing control valves used for
welding application. (Courtesy
of Owatonna Tool Co.,
Owatonna, Minnesota.)



Check Valve

POFPET SPRING

£

— e Y e
FREE-FLOW  MO-FLOW
ouTt DIRECTIOM  DIRECTION

FREE FLOWW GRAPHIC S¥YMBOL

SCHEMATIC DRAWINGS

Figure 84. Operation of check valve. (Courtesy af Sperry Vickers, Sperry Rand Corp,
Trov, Michigan. }

Figure 8-3. Check valve
(Courtesy of Sperry Vickers, Sperry
Rand Corp., Troy, Michigan.)



FREE FLOW IMLET

PILOT PRESSURE PORT

o7 Mkt NUT

PISTOM
DRAIM OR
PILOT PRESSURE
PORT TO CLOSE

L POPPET
3 SEAT

FREE-FLOW QUTLET

Figure 8-5. Pilot-operated check valve. (Courtesy of Sperry Vickers, Sperry Rand Corp,,

Trov, Michigan._)



Three-Way aes

— LAND ON VALVE SPOOL
BLOCKS PASSAGE

GROOVE BETWEEN
LANDS COMPLETES
FLOW PASSAGE
BETWEEN TWO PORTS

Y

_EL—_—J_A

=

T SLIDING THE
SPOOL TO THE

PTOA LEFT CHANGES

T BLOCKED THE FLOW PATH

SPOOL POSITION 1

SCHEMATIC DRAWINGS
A

A
T T\

P T
GRAPHIC SYMBOL

L

T P
P BLOCKED
ATOT

SPOOL POSITION 2

Figure 8-6. Two spool positions inside a three-way valve.

AAAA
VV VY
A
F I-LT-'\
FROM | TANK
FUMP

Figure 8-7. Three-way DCV controlling
flow directions to and from a single-acting

cylinder.
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BTOT ATOT A B
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4
SCHEMATIC DRAWINGS P LT Figure 89, Four-way DCV
A B FR DM1 TANK controlling fow directions to and
] PUMF from a double-acting cylinder.
r X
P T
GRAPHIC SYMBOL

Fipure -8, Two spool positions inside a four-way valve.



B PASSAGE

P (PRESSURE) PASSAGE

(:2 A PASSAGE
X VA 3 . s /

3N

“H Hw

“H H»

A GAUGE PORT
B GAUGE PORT

Figure 8-10. Manually actuated. spring-centered. three-position, four-way valve. (Courtesy of

Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)

T (TANK) PASSAGE

SPRING HOLDS
VALVE SHIFTED

Figure 8-11. Manually actuated.
two-position, spring-offset, four-way
valve. (Courtesy of Sperry Vickers,
Sperry Rand Corp., Troy, Michigan.)



Figure 8-12. Mechanically actuated.
spring-offset, two-position, four-way
valve. (Courtesy of Sperry Vickers,
Sperry Rand Corp., Troy, Michigan.)



Pilot-Act

A B
___T‘ L1
%y I
P T
AIR INTRODUCED THROUGH CENTERING SPRINGS PUSH AGAINST
THIS PASSAGE PUSHES WASHERS CENTERING WASHERS TO

AGAINST THE MSTON CENTER THE SPOOL WHEN
WHICH SHIFTS THE ’ NO AIR IS5 APPLIED
SPCOL TO THE RIGHT

| el
- _=

X -1

PISTONS SEAL THE
AIR CHAMBER FROM
THE HYDRAULIC CHAMBER

Figure 8-13. Air pilot-actuated. three-position, spring-centered. four-way
valve. (Courtesy of Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)



SoIenoi-Actuted Valves

1.WHEN COIL IS 2. ARMATURE IS

ENERGIZED PULLED AGAINST
PUSH PIN
ARMATURE ColL
PUSH PIN
] | =
+ =2
\ | =
SPOOL
3. PUSH PIN MOVES
SPOOL

Figure 8-14. Opecration of solenoid to shift spool of valve.
(Courtesy of Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)

Hx
Hw

WA
M

X7

Figure 8-15. Solcnoid-actuated,
three-position, spring-centered, four-
way directional control valve.
(Courtesy of Continental Hydraulics,
Division of Continental Machines Inc.,
Savage, Minnesota.)

oH
-H

Figure 8-16. Single solenoid-actuated, four-way, two-position, spring-offset directional control
valve. (Courtesy of Continental Hydraulics, Division of Continental Machines Inc., Savage,

Minnesota.)

Figure 8-17. Solenoid-controlled, pilot-
operated directional control valve.
(Courtesy of Continental Hydraulics,
Division of Continental Machines Inc.,
Savage, Minnesota.)
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Center Flow Pat Configurations

for Three-Position, Four-Way Valves ]
FT DF‘ENCIE_Nl':lEFl—

1] [ A T
P T PRESSURE AND B CLOSED; A OPEN TO TANK

A B
I T
TT r g

P T CLOSED CENTER—ALL PORTS CLOSED
A B
T 5

P T PRESSURE CLOSED; A & 8 OPEN TO TANK
AEB

L

1] g

P T B CLOSED; PRESSURE OPEN TO TANK THROUGH A
A B
I T

[ ([ F[ s

P T TANDEM

Figure 8-18. Various center flow paths for three-position, four-
way valves. (Courtesy of Sperry Vickers, Sperry Rand Corp,,
Troy, Michigan.)
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Figure 8-19. Shuttle valve (schematic and graphic symbol).



1. BFRFG HOLDE
PIETON SEATED

Michigan.)

Figure 8-20. Simple pressure relief valve. {Courtesy of Sperry Vickers, Sperry Rand Corp., Trov,
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Figure 8-22. Symbolic representa-
TANK 1]

tion of partial hydraulic circuit.



Compound Pre

4. WHEM THE VALVE

SETTIMG IS5 REACHED,

POPPET THE POPPET "OPENS™ 7. VENT CONNECTION
3 SPRING HOLDS  LIMITING PRESSURE FERMITS UMNLOADING
PISTON CLOSED. IN UPPER CHAMEER. FUMP THROUGH

f RELIEF VALVE.

1. INLET PRESSURE

PILOT STAGE X \

Figure 8-23. External and cutaway views of an actual compound relief valve.

(Courtesy of Sperry Vickers, Sperry Rand Corp., Troy, Michigan.) I'||
2. 15 SENSED ABOVE E. PISTON MOVES UPTO \
PISTOM AMD AT PILOT  DIVERT PUMP OUTPUT 5. WHEN THIS
VALVE THROUGH DIRECTLY TO TAMEK. PRESSIAE IS 20 psi
ORIFICE IN PISTOM. HIGHER THAN 1M
UPPER CHAMEER ...
VIEW & VIEW B VIEW C
CLOSED CRACKED RELIEVING

Figure 8-25. Compound pressure relicf
valve with integral solenoid-actuated, two-

way vent valve. (Courtesy of Abex Corp, r ek - : . poisl \
iy veol ilse (Counery of Abex C ]'fgu'e R—_Z-‘. Ope ration of cnmpuu:_!d pressure relief valve. {Courtesy of Sperry
Vickers, Sperry Rand Corp, Troy, Michigan. )




i LEAKAGE FLOW
1 I KEEPS VALVE
SLIGHTLY OPEN

BLEED OIL SPRING HOLDS
PASSAGE VALVE DPEM
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[I:I = &M? illl‘llll]
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QUTLET IMNLET SR
TO REDUCED PRESSLIRE EROM
SYSTEM WAL
SYSTEM
(a) BELOW WALVE SETTING {(b) AT VALVE SETTING

Figure 8-26. Operation of a pressure-reducing valve. (Courtesy of Sperry
Vickers, Sperry Rand Corp., Troy, Michigan. )
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Figure 8-28. Unloading valve.
(Courtesy of Abex Corp., Denison
Division, Columbus, Ohio.)

A B

Figure 8-27. Schematic of unloading valve. (Courfesy of Abex Corp., Denison
Divisiaon. Columbus (Yhin )
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Sequence Valves

Y
AW = |
: |
-

X

A “B

Figure 8-29, Schematic of sequence valve. {Couartesy of Abex Corp., Denison
Division, Coluwmbus, Ohia.)
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Counterbalance Valves

L% S

DCv CYLINDER

':ig FLow TO SPOOL
OF cBV d CHECK VALVE
TO Dev ¥ OFCBV
TO TANK
(a) OIL PUSHES CYLINDER (b} OIL PUSHES CYLINDER
PISTON DOWNWARD PISTON UPWARD
3=
1)
]
:
—
.
>

Figure 8-30. Application of counterbalance valve. (Courtesy of Sperry Vickers, Sperry
Rand Corp., Troy, Michigan.)



Orifice as a FIow Meter
Device

- SHARP SOUARE
EDGE EDGE

ORIFICE Figure 8-31. Orifice flowmeter.



Needl Valve
AN A

Figure £-32. Needle valve, (Courtesy of Crane =
. E Y . Figure 8- Easy read and adjust flow control valve. (Courtesy of Deltrol Corp.,
Co., Chicaga, llinois. } Bellwood, Ilinots.)
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Figure 8-34. System for Example 8-6.



He
Non-Presure-Compensated Valvés

I = VOLUME CONTROLLED
1 ' WHEN FLOW IS THIS WAY

B

FREE FLOW IN
THIS DIRECTION

Figure 8-35. Non-pressure-compensated flow control valve. (Courtesy of
Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)



TN

W CONTROL VALVES

Pressure-Co
SPRING LOAD SETS
PRESSURE DIFFERENCE
ACROSS THROTTLE
TO LOAD / THIS AREA EQUALS
} COMBINED AREAS OF
ANNULUS AND STEM

HYDROSTAT PISTON IS
BALANCED BETWEEN
INTERMEDIATE PRESSURE

BELOW AND LOAD PRESSURE
ABOVE

N ANNULUS

FROM PUMP
NG LAND BLOCKS
THROTTLE EXCESS FLOW AND
CONTROLS STEM FORCES IT OVER
FLOW RELIEF VALVE

Figure 8-36. Operation of pressure-compensated flow control valve. (Courtesy of Sperry
Vickers, Sperry Rand Corp., Troy, Michigan.)
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Mechanical-Type Servo Valves N SR8

OQUTPUT —= | 10

7
[ ]
7.

it SLIDING
FEEDBACK ALEVE
LINK
o ——
INFUT
o/

N TANK INLET TANK

OiL

Figure 8-38. Mechanical-hydraulic servo valve.

Figure 8-39. Electrohydraulic
servo valve. (Countesy of Moog Inc.,
Industrial Diviston, East Aurora,
New York.)

mechanical-hydraulic servo valve is the hydraulic power steering system of auto-
mobiles and other transportation vehicles



UFPER
POLE FIECE
FLEXLURE
COIL TUEE
ARMATURE FLAFFER
LOWER
NOTZLE POLE FIECE
FEEDBACK
SPOOL WIRE
e | g™
[y FI _— s L
=t ===
%h &g
INLET
FILTER = | 77‘77% DRIFACE
_-"i.#.!.th.:i.‘:f.'.:‘.i.....'.'.i:.:.:i'l.i'l.". -
/ E R N A R R R AR L AN T
Y 4 vZ4 A |

QUTLET 1 OUTLET 2

TO LOAD TO LOAD
RETURN INLET
T TAMNEK SLFPLY
PRESSLURE

Figure 8-40. Schematic cross section of electrohydraulic servo valve. (Courtesy of
Moog Inc., Industrial Division, East Aurora, New York. )



1
 —
P
3
----------- ] §
! 1
T T
Sl R e g i N - Figure 8-43. Pictorial cutaway view of four-way proportional directional control
. ) v - M vaive. o = H
“!‘Ill!“ 841 ; External view \x_f four-way proportional directional control valve valve. (Courtesy of Bosch Rextoth Corp,, Bethlehem, Pennsylvania )
(Courtesy of Bosch Rexroth Corp., Bethlehem, Pennsylvania.)

Figure 8-42. Schematic cutaway view of four-way proportional directional control
valve. (Courtesy of Bosch Rexroth Corp., Bethlehem, Pennsylvania.)



Figure 8-47. Cartridge pres-
sure relief valve. (Courtesy of
Parker Hanntfin Corp., Elyria,
Ohlo.)

=

Figure 8-44. Cutaway views of Figure 8-46. Solenoid-operated directional control cartridge valves.
threaded cartridge \'af\'cs. (Courtesy of Parker Hannifin Corp., Elyria, Ohto.)

(Countesy of Parker Hannifin

Corp., Elyria, Ohio.)

Figure 8-45. Manifold block
containing cartridge valves.
(Courtesy of Parker Hannifin
Corp., Elyria, Ohio.)

Figure 8-48. Cartridge
solenoid-operated flow control
valve. (Countesy of Parker
Hannifin Corp., Elyrta, Ohto.)




Figure 8-50. Integrated
hydraulic circuit. (Courtesy
of Parker Hannifin Corp.,
Elyria, Ohio.)

\

N HYDRAULIC
Na Flow Conditlon Throttied Flow Condition FUSE
» System pressue g lower than reliel = Bystem pressure has reached ralied B U
Ve satting. VAIVD: G INLET THIN METAL
* Popped is sealed, held in pasition by * Pressure has moved Poppet awey PRESSURE DISK
spring forca, from Seat, alowing llow 1o pass
through vahve.
® Flow is blocked &t inlal (a) SCHEMATIC DRAWING (b) GRAPHIC SYMBOL IN
® Vahaa is throdtling Bow o maintain PARTIAL CIRCUIT
redaf pressure at inlet.
Figure 8-49. Cartridge pressure relief valve. (Courlesy of Parker Hanntfin Corp., Figure 8-51.  Hydraulic fuse.

Elyria, Ohte.)



STEEL PIPES
Size Designation

NOMINAL OUF'II'ZIIEDE PIPE INSIDE DIAMETER
PIPE SIZE | DIAMETER | SCHEDULE 40 | SCHEDULE 80 | SCHEDULE 160
1/8 0.405 0.260 0.215 -
1/4 0.540 0.364 0.302 -
3/8 0.675 0.493 0.423 -
1/2 0.840 0.622 0.546 0.466
3/4 1.050 0.824 0.742 0.614
1 1315 1.049 0.957 0.815
1-1/4 1.660 1.380 1.278 1.160
1-1/2 1.800 1.610 1.500 1.338
2 2375 2.067 1.939 1.689

Figure 10-2.

N N\
0@

Figure 10-3.

Common pipe sizes.

Relative size of the cross section of schedules 40, 80, and 160 pipe.

Thread Design

2. SCREWS INTO THE
FEMALE THREAD IN THE
FITTING OR HYDRAULIC
COMPOMNENT. THIS
THREAD ALSO 1S TAPERED.

1. THE TAPERED MALE
THREAD ON THE
SECTION OFPIPE . ..

BN e
W |||||||||

3. AS THE JOINT IS TIGHTENED,
AN INTERFERENCE OCCURS BETWEEN
THE THREADS, SEALING THE JOINTS.

4. IN STANDARD PIPE THREADS,
THE FLANKS COME IN CONTACT
FIRST.

|

/

6. IN DRY-SEAL THREADS,

E. THERE CAN BE A THE ROOTS AND CRESTS
SPIRAL CLEARANCE ENGAGE FIRST, ELIMINATING
AROUND THE THREADS. SPIRAL CLEARAMCE.

Figure 10-4. Hydraulic pipe threads arc the dry-scal tapered type.
(Courtesy of Sperry Vickers, Sperry Rand Corp., Troy, Michigan.}



STEEL PIPES (FITTINGS)

APIPEPLUG IS
USED TO PLUG
APORTOR & NIPPLE MAKES

FITTING OPENING SHORT CONMNECTIONS
THATISNT USED,  BETWEEN COMPONENTS
AND/OR AITTINGS.

A TEE IS USED TO
MAKE PARALLEL CONNECTIONS
FROM A SINGLE PIPE.

4 50° ELBOW OR ELL
IS USED TO CHANGE
DIRECTION. THERE ARE
ALS0 607 AND 457 ELLS.

& BEDUCING BUSHING IS
USED TO GO FROM OME
Lr PIPE SIZE TO ANOTHER.

A REDUCING COUPLING
ALSO 15 USED TO CHANGE
FIPE SIZE, BUT HAS

A UNION HAS TWO BOTH FEMALE THREADS.

THREADED FITTINGS PLUS

AM EXTERNAL MUT

TO PERMIT MAKING & STRAIGHT COUPLING
OR BREAKING & JOINT :[Eu: JOINS TWO PIPE SECTIONS
WITHOUT TURNING OF THE SAME SFE.

THE PIPE.

& CAP CLOSES AN
OPEN FIPE END.

A GLOBE VALVE
I5 USED FOR
THROTTLING FLOW.

& STREET ELEOW

(OR ELL] HAS ONE

FEMALE AND ONE
= MALE THREAD.

Figure 10-5. Fittings make the connections between pipes and components.
(Courtesy af Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)

SCREW LOCK WASHER

WELD
"O" RING
PIPE

FLANGE

SOCKET WELD PPE CONNECTIONS
STRAIGHT TYPE

LOCK WASHER

SCREW
O RING

FLANGE

THREADED PIPE CONNECTIONS
STRAIGHT TYPE

Figure 10-6. Flanged connections for large pipes. (Courtesy of
Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)
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STEEL TUBING

Size Designation Tube Fittings

TUBE WALL TUBE || TUBE WALL TUBE [[ TUBE WALL TUBE
0D | THICKNESS 1D OD | THICKNESS ID DD | THICKMESS 1D
in} {in) {in} in) [i)] fin) in} {in) {in)
18 0.035 0.055 1/2 0.035 0.430 78 0.049 0.777 STAMDARD INVERTED
0.049 0.402 0.085 0.745
316 0.035 0.118 0.085 0.370 0.109 0.657
0.095 0.310
144 0.035 0.180 1 0.049 0.902 UL LA PTG
0.049 0.152 58 0.035 0.555 0.065 0.870
0.085 0.120 0.049 0.527 0.120 0.760
0.065 0.495 Figure 10-9. Swagelok tube
5/16 0.035 0.243 0.095 0.435 || 1-1/4 0.065 1.120 fiting. (Counisy of Swagelok
0.049 0.215 0.095 1.060 TR TE
0.065 0.182 34 0.049 0.652 0.120 1.010 M
0.085 0.620
34 0.035 0.305 0.109 0532 || 1-112 0.065 1.370
0.049 0.277 0.095 1.310
0.085 0.245 WW_/ Figure 10-10. The 45° flare fitting, (Courtesy of Gould, Inc,
Valve and Fittings Division, Chicago, lilinots. )
" . o) STRAIGHT THREAD O
Figure 10-7. Common tube sizes. " HING CONNEECL:O? @ P RTNG

[2) "0 MMG COMPRESSION if} SLEEVE COMPRESSION
FITTING FITTING
Figure 10-8. Threaded fittings and connectors used with tubing. Figure 10-11.  Various steel tube fittings. (a) Union elbow, (b) union tee,
ft'.'rrrina':_v "’f Spfn'_l.' Vickers, -gﬂi'm' Band f_'r.im., TTC'_\'. .'Iﬁchigan.} (c) union, (d) 45" make elbow. (Courtesy of Gould, Inc., Valve and Fittings

Duviston, Chicago, llitnots.)



Figure 10-12. Poly-Flo Flareless Plastic
Tube Fitting. (Courtesy of Gould, Inc.,
Valve and Futings Division, Chicago,
Himow.)




FLEXIBLE HOSES
Design and Size Designation

tee
SINGLE-WWIRE BRAID DOUBLEAWIRE ERAID 4 i,:‘a‘“
oD MIMIMLIBA MINIMLUM
TUEE | HOSE | HOSE BEMD HOSE | HOSE BEMD
HOSE | BIZE I oD RADIUS 1] oo RADIUSE
SIZE {in} i} fink in) (i} {In} {in}
4 14 ane 3384 1-16/16 174 116 4
& 3B EME 4384 2-3/4 a8 27132 B
8 12 1322 | 49/84 4-5/8 /2 22 7

12 34 a8 1-5/64 6316 a4 1-114 212
16 1 8 [ 1-15/64 7-3/8 1 14316 "

2| 1 | | e ] 14 | 2 16 tgure 1-14. Typical

hose sines.

1. THE OUTER LAYER IS 2. THE SECOND LAYER
SYNTHETIC RUBBER ... OF WIRE OR CLOTH
USED TO PROTECT ... ERAID.

i

3. FOR HIWGHER FRESSURE, AEROQUIP 1525

ADDITIONAL BRAIDED
LAYERS ARE USED.

AEROQUIP 2791

Fipure 18-13. Flexible hose is
constructed in layers (Courtesy

4. THE INMER LAYER I3
A MATERIAL COMPATIELE

e af Sperry Vickers Sperry Rand l-‘i.gue 10-15. Various ﬂctlh]c »hosc d‘mgm. (a) H}' 194: singlc-wirc hmid}; (b) FC 195: &ch-
WITH THE HYDRAULIC 'Ir e ; = wire braid: (c) FC 300: single-wire braid, polyester inner braid; (d) 1525: single-textile braid;
FLAND. C N, !?'l!'-‘_'-. -wh.'h.!ﬁ'dn'l.] (e) 2791: four heavy spiral wires, partial textile braid. (Courtesy of Aeroquip Corp., Jackson,

Michigan




La}

A\ i)

Figure 10-16. Flexible hoses with permanently
attached end fittings. (a) Straight fitting.

(b) 45° elbow fitting, (c) X° elbow fitting.
(Courtesy of Aeroquip Corp., Jackson,
Michigan.)

(a) (b) )

Figure 10-17. Flexible hose reusable-type end fittings. (a) Straight fitting, (b) elbow fitting,
(c) N elbow fitting. (Counesy of Aeroquip Corp., Jackson, Michigan. )

Hose routing and installation

)

e | -

Lndes prasaurs, B hose may changs in
Hngtn. The range i fram — 34 t3 £24.
Atways provide tnma slack in (ke hose o
allow expansan
o hoss bras s
05t comman causes of poor

1 » hoze i mtalied with
cperating prELtures 1En
atraig1, This can koosen the fitling nut
or even burst the hose at tre poit of
strain

mtin i, high
farea it

g
i i
—_—
o wacne “
o "

‘When hoss lines pase near an sxhaust
mandoid, e ofar heat source, ihey
shauld be insulabed by & heat resistant
oct, Fraslneve or a metal balfie, In any
apgiication, brackets and clamps keed
moses i place and necuce abramon

Atbends, provide e
rotlusy curen, To
the hose and res
o gvan k
many case:
adapbers e

Hy
1 Ehe nght fitings or
minate bands or ke,

A ,q\

woohe o

in applcalians whers thees 13 conuiders
e wbeation or fiesing, akow additional
heski langth. The rowtal kose fitlivgs, of

., are net 1 .

parts from
ik in Ehe e

When 907 scaplars ware uned, this 5.
sembly became neater looking and saser
tainssact ared maintain. It usas ks hose,
ton!

Hose Routing and Installation

Four basic adapter functions
)
= — H
38

L—

1. To jin a hose to 8 companent, Exsm
o, 4 valve Fght v el pipe
Shread ard 5 hos 37 ymiwel
vt Tha right Asrisguifs Adaptar fits both.

2. Taconnect two of meee pieces of hose
and futung. Here, s T-ahaped adapter
connects twe hoses with 2 length o
tuberg, Each ard of the acapter may hwes
adflorent thread.

3. Toprovide both connpction and sachar
atabeskhead. In this example, s
a0 archor in adeiben fo co
hose o & tube

& To wliminats b need for 8 bu
Exampde, one end of the adapter
2 thried, conneebod 10 thie msemibly,
475 AL 3T Hiare, whech
SAE. 3T swivel fling.
it repfaces the bushing.

Figure 10-18. Hose routing and installation information. (Courtesy of Aerogaip Corp., Jackson,

Michigan. }



Figure 10-19. Quick disconnect
coupling (cross-sectional view).
(Courtesy of Hansen Manufacturing
Co., Cleveland, Ohto.)



RESERVOIRS
ACCUMULATORS
PRESSURE INTENSIFIERS
SEALING DEVICES

HEAT EXCHANGERS
PRESSURE GAGES
FLOWMETERS

idraulic devices

N



MOUNTING PLATE

DRAIN AlR FOR ELECTAIC MOTOR
RETURN BREATHER AND PUMP
PUMP AND
RETURN LINE INLET FIMER

LINE

SEALED FLANGE

—
i

SIGHT GLass

BAFFLE
PLATE
DRAIN

CLEAN-OUT STRAINER PLUG
PLATE-BOTH ENDS

Figure 11-1. Reservoir construction. (Courtesy of Sperry Vickers, Sperry Rand
Corp., Troy, Michigan.)

2. TURBULENCE IS AVOIDED
BY FORCING THE FLUID TO
TO TAKE AN INDIRECT FATH TO RETURM
FUMP THE PUMFP INLET LIME

1. RETURN FLOW IS DIRECTED
3. QIL IS COOLED AND
AlF SEFARATED GUT WHEN DUTWARD TO TANK WALL

IT REACHES INLET BAFFLE FLATE

Figure 11-2. Battle plate controls direction of flow in reservoir. (Courtesy of
Sperry Vickers, Sperry Rand Corp., Troy, Michigan. }



= ___ ~— DEAD WEIGHT
=) . SPRING

=
e \II ——
B
L —

F— FISTON

L] L
FISTON GRAFHIC SYMEOL %__ﬁ-— PACKING

=— FLUID

=— FLLID

Figure 11-3.  Weight-loaded
aocumulator. { Cowrtesy of Csreer
aer Products Division/'Greer

tor. (Courtesy of Greer (Maer Prodicts |_ ) X )
LL‘_ IDhvistorCireer Hydraulics Inc, k FLUID FORT Hydraullcs Inc, Los Angeles,
FLUID PORT

Figure 11-4. Spring-loaded accumula-

Los Angeles, Califormia | California |



Figure 11-17. Cutaway view of pres-
sure intensifier. (Courtesy of Rexnord
Inc, Hydrawlic Components Division,
Racine, Wisconsin. )

EXHAUST
OIL

] el S
LON PRES SURS \\\?_’/////////_(/ s
29 472

Figure 11-18. Oil flow paths of
pressure intensifier. (Courtesy of
Rexnord Inc, Hydraulic Components
Division, Racine, Wisconsin. )

HIGH PRESSURE
oI

Fioan [

[T

Y

E

A%

Figure 11-19. Pressure
intensifier circuit.



BASIC FLANGE JOINTS

Lo

GASKET
METAL-TO-METAL JOINTS

J Figure 11-22. Static seal flange joint applica-
tions. (Courtesy of Sperry Vickers, Sperry Rand
4 4 : Corp., Troy, Michigan.)

Figure 11-23. Die-cut gas-
kets used for flanged joints.
(Courtesy of Crane Packing
Co., Morton Grove, lilinois )

Figure 11-24. Several different-sized O-rings. (Courtesy of Crane Packing
Co., Monton Grove, lilineis.)

EVICES

NOTE: CLEARANCES ARE
GREATLY EXAGGERATED

1. THE O-RING IS INSTALLED FOR EXPLANATION

IN AN ANNULAR GROOVE
AND COMPRESSED AT EOTH
DIAMETERS.

e @ B

1010

2

Figure 11-25  {O-ring operation.
2. "WHEN PRESSURE IS APPLIED,

THE O-RING IS FORCED (Courtesy of Sperry Vickers,
AGAINST A THIRD SURFACE Sperry Rand Corp., Troy,
CREATING A FOSITIVE SEAL Michigan. )



Figure 11-35.  Air-cooled heat exchanger.
(Courtesy of American Standard, Heat Transfer
Diviston, Buffalo, New York.)

Figure 11-36. Water-cooled shell and
tube heat exchanger. (Courtesy of
American Standard, Heat Transfer
Diviston, Buffalo, New York.)



Figure 11-37. Bourdon
gages with different

pressure ranges '(.'OMNCS'\'

of Span Instruments, Inc.,
Plano, Texas.)

TUEE TENDS TO

STRAIGHTEM UNDER
FRESSURE CAUSING
POINTER TO ROTATE.

BOURDCN TUBE Figure 11-38. Operation of
Bourdon gage. (Conrtesy of
Sperry Vickers, Sperry Rand

PRESSURE INLET Corp, Troy, Michipan. )

INLET
CONMECTING LINE
L
-
=y
Ty
SLEEVE -
MOVES
w:EﬁGE Figure 11-39. Operation of a
FREZSURE E:chm!ar gAZE. F_E'e:.'mr:s_v af
PISTOMN = Sperry Vickers, Sperry Rand

AFFLIED Corp., Troy, Michipan. )
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Figure 11-40. Rotameter.
(Courtesy of Fischer &
Porter Co., Worminster,
Pennsylvania. )

Figure 11-41. Operation of rotame-
ter. { Courtesy of Fischer & Porter
Co., Worminster, Pennsylvania )

Figure 11-42. Sight flow indi-
cator. (Courtesy of Fischer &
Porter Co., Wormiinster,
Pennsylvania. )

Figure 11-45. Digital Electronic
Readout. (Courtesy of Flo-Tech, Inc,
Mundelemn, Illinols )






Newton's law
of motion:

Waork:

Mechanical power

(linear):

Mechanical
horsepower (linear):

Torque:

HP

Mechanical power
(rotary)

Brake horsepower:

Brake power
(metric units):

Efficiency:

Force multiplication

ratio in hvdraulic jack:

Potential energy due
to clevation:

Y

s

Potential encrgy
due to pressure:

Kinetic energy:

power = Fu
Continuity equation:

_ Flb) % o{ftls)

=30 Hydraulic power

English units:

Metric units:

Hydraulic
ho rer:
yp  Jlin 1) x Nicpm) i
63,000
Bernoulli's equation:
. TIN.m) ® o{rads)
Power[kW) = —— M8
ower| kW) 000
=3 TN -m) x N{rpm)
= 9550

_ output power

Input powcr
L _ A
A
EPE = WZ

PPE = WL
KE=%E|:
LB

hydraulic power (i« Ibfs) = p(Ib/f) x Q(fs)

hydraulic power (W) = p(N/m?) 2 ({m's)

_ plpsi) = gpm])
1714

Energy equation
{modified

Pump head
Special English
units:

Metric units:

Fluid velocty:

Energy:

Bernoulli's equation):

Hydraulic Systems

z 2
2 Pi | 15 = Pz 15
L+—+——+H-—-H,-H =L+ —+—

itk 7 + Hy I ; 2t 7

3950 = (HHP)

H™) = Dlgprm) = (5G)

i pump hydraulic power{W)
Hylm)=— =y —

riNfmT) 2 Q{mis)
2

v = % (322 an
Energy = F§



MECHANICAL VALVE
ENERGY IN

ELECTRIC
MOTOR

HE&T
EMERGY OUT

Ee

MECHANICAL
EMERGY OUT

/):7 HYDRAULIC CYLINDER

h

I—

CHECK D

FIPELINES

Q
PLUNF CHRECTIOMAL
CONTROL VALVE

N

pp—
STRAINER | I RESERWOIR

Figure 4-1.

L HYDRALULIC SYSTEM
(CONTAIMED WITHIN DASHED LIMES)

[
EXTERMAL

Energy transfer into and out of a hydrawlic system includes enargy loss
{in the form of heat) due to frictional fluid flow through pipes, valves, and fittings.

Darcy's equation:

Laminar friction factor:

Hagen-Poiscuille equation:

Relative roughness:

Head loss in valves and fittings:

Equivalent length of valves
and fittings:

: £
relative roughness = —

I
H, = K(i;)
2z



'i\

N

AR AR AR Figure 4-3.  Velocity profile in pipe.

—
—
a [~ E——
F ' i rL
—
S —— Figure 4-4. Straight-line path of fluid
B o o o particles in laminar flow.

B )

L :
T A Figure 4-5. Random fluctuation of fa) n)

S fluid particles in turbubent flow. Figure 4-6. Flow patterns from water faucet. (a) Laminar flow,

(b) turbulent flow. (Reprinted from Introduction to Flutd Mechanics by J. E
John and W. I.. Haberman, Prentice Hall, Englewood Cliffs, NJ, 1988.)



Reynolds number (Nx) and (as Reynolds discovered from his tests) has the following
significance:

1. If Nkis less than 2000, the flow is laminar.

2. If Nkis greater than 4000, the flow is turbulent.

3. Reynolds numbers between 2000 and 4000 cover a critical zone between laminar
and turbulent flow.

v(ftfs) X D(f) X p(slugs/fE)  v(ft/s) x D(f)
Np = =

w(Ib - s/ft2) v (f/s)

V. v(m/s) % D(m) ¥ p(kg/m’) _ v(m/s) X D(m)
R p(N-s/m?) - v(m?/s)




; " I 2
Darcy's equation: H, =f [r\_){ _)

Laminar friction factor: = .;.ﬂ
bt

. 23
Hagen-Poiscuille equation: H = ﬂ (f_} (_}



relative roughness =

D

z \

t ‘.
/ €
|
A\

ABSOLUTE ROUGHMNESS

TYPE OF PIPE £lin) elmm)
GLASS OR PLASTIC SMOOTH SMOOTH
DRAWN TUBING 0.00006 0.0015
COMMERCIAL STEEL OR
WROUGHT IRON 0.0018 0.046
ASPHALTED CAST IRON 0.0048 0.12
GALVANIZED IRON 0.006 0.15
CAST IRON 0.0102 0.26
RIVETED STEEL 0.072 1.8

Darcy’s equation:

Figure 4-9,

roughness.

H;

A(B)(E

Figure 4-8. Pipe absolute roughness ().

Typical values of absolute
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Figure 4-10. The Moody diagram. (Reprinted from Introduction to Fluid Mechanics by J. E John and
W. L. Haberman, Premiice Hall, Englewood Cliffs. NJ, 1988.)



VALVE OR FITTING KFACTOR
GLOBE VALVE: WIDE OPEN 10.0
1/2 OPEMN 126
GATE VALVE: WIDE OFEN 0.19
3/ OPEN 0.90
172 OPEN 45
1/4 OPEN 24.0
RETURN BEMD 2.2
STANDARD TEE 18
STAMDARD ELEOW? 0.9
46" ELBOW 0.42
00" ELBOW 0.76
BALL CHECK VALVE 4.0

Figure 4-11. K factors of common
valves and fittings.

Figure 4-12.  Globe valve.
{Courtesy of Crane Co.,
New York, New York.)

Figure 4-14. 457 elbow. Figure 4-15.  90° elbow.

(Courtesy of Crane Co, (Courtesy of Crane Co.,
New York, New York.) New York, New York.)

Figure 4-17. Return bend.
(Courtesy of Crane Co.,
New York, New York.)

Figure 4-13.  Gate valve.
(Courtesy of Crane Ca.,
New York, New York.)

Figure 4-16. Tee. (Courtesy
of Crane Co., New York,
New York.)

Figure 4-18.  Ball check valve.
(Countesy of Crane Co.,
New York, New York.)






A SINGLE-ACTING
RAULIC CYLINDER

<? Figure 9-2. Control of single-acting
Ll hydraulic cylinder.
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Figure 9-3. Control of a double-
acting hydraulic cylinder. (This
circuit is simulated on the CD
included with the textbook.)
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Figure 9-4. Repenerative cylinder circuit.



P-UNLOADING CIRCUIT
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L L Fipure 9-6. Pump-unloading circuit.
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Figure 7. Double-pump
hydranlic system.
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Figmre 9-8. Counterbalance valve
application.
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Figure 9-9. Hydraulic cylinder sequence circuit. (This circuit is simulated on
the CD included with this textbook )
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Figmre 9-10. Auvtomatic
cylinder reciprocating system.



Figure ®-11. Locked cylinder using
L pilot check valves






Cylinders hooked in parallel will not operate in synchronization.

=M

Cylinders hooked in series will operate in synchronization.

CYLINDER 2 A,
o
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Fipure %-14. Fail-safe circuit
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Figure 9-15.  Fail-safe
circuit with overload
protection.
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Figure 3-16. Two-handed safety circuit. (This circuit is simulated on the CD included
with this textbook.)
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Fipure 2-17. Meter-in speed control of hydraulic cylinder during extending stroke using
flow control valve. (ICV i bn manially actieaied position.)
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Figure 9-20. S5peed control of hydraulic motor using pressure-compensated fow
control valve.



Figure 9-21. Hyvdraulic motor braking system.
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ELECTRIC
MOTOR
Figure 9-2L.  Closed-circuit,
[N} one-direction hydrostatic transmission.
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Figure 9-23. Closed-circuit, reversible-direction hydrostatic transmission. (Courtesy
af Sperry Vickers, Sperry Rand Corp., Troy, Michigan. )
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EXAMPLE 96

The system shown in Figure 9-26 contains a pump delivering high-pressure oil
to a hydraulic motor, which drives an external load via a rotating shaft. The
following data are given:

LOAD
pi
ELECTRIC N > N
MOTOR ® e
O,
M
b
M HYDRALILIC
Noumg .C,.rj MOTOR L
g
—_— e
“ T4 t
PUMP A pumg » 1
[
L Fipure 9-26. System for
LY Example 9-4.

Pump:
o = M%
n, = 92%
¥p = 10in®
N = 1000 rpm
inlet pressure = —4 psi
Hydraulic mustor:
k=, 92%
7, = 0%
Vg = 8in’
inlet pressure p; required to drive load = 500 psi
motor discharge pressure = 5 psi
Pump discharge pipeline:

Pipe: 1-in schedule 40, 50 ft long (point 1 to point 2)
Fitimgrs: twio 90° elbows (K = (.75 for each elbow), one check valve (K =4.00

OF HYDRAULIC SYSTEM
L LOSSES CONSIDERED



viscosity = 125 ¢S
specific gravity = 0.9

If the hydraulic motor 15 20 ft above the pump, detcrmine the

a. Pump flow rate

b. Pump discharge pressure py

©. Input hp required to drive the pump
d. Motor speed

e. Motor output hp

f. Motor output torque

g. Overall efficiency of system

Solution
a. To determine the pump’s actual flow rate, we first calculate the pump’s
theoretical flow rate.

_ (Volpe X ;. 10in® x 1000 rpm
(Orlpery = 231 B 231

= 433 gpm

(0, = (O], % (0} = 433 20 094 = 407 zpm

b. To obtain the pump discharge pressure py we need to calculate the fric-
tienal pressure loss (py — pq) in the pump discharge line. Writing the
energy equation between points 1 and 2, we have

32 2
- 1 i . P2 15
7 s % H—H,—H =%+ it

Since there is no hydraulic motor or pump between stations | and 2, Hy, =
Hp =0 Also, v; = v; and Z; — Z, = 20 ft. Also, per Figure 10-2 for 1-in sched-
ule 40 pipe, the inside diameter equals 1.040 in. We next solve for the Reynolds
number, friction factor, and head loss due to friction.
(O 407/440 )5 0.0008 R'/s
A -_T(I.CHD }! 0.0059%0 f
i\ 12

= 154 fifs

TH0u(fs) > Diin) 7740 = 154 % L40
N = - = — 002
v{cs) 125

Since the flow is laminar, the friction factor can be found directly from the
Reynolds number.

f= % - 0.0645
Also, 2
f-x'mr] v’
Hy = where
[ f( D /2

I =50+ "{KD) + (Kﬂ}
Bt Nl N
2 x 075 x 1L.040/12 4.0 > 1.040/12
— Sl 5 =50+ 202
0645 0.0645

+ 537 = 5130 #

Thus,
57.39 (15.4)
Hy = 0.0645 X oz 23wz

Next, we substitute into the energy equation to solve for (p; — po)/y.

=153

S ; B (#—7)+H =200+ 15130 =17738
Hence,
I b I
PPy = 17130 X 1.-(—) = 1773 ft X 0.9 X 62.4— = 9960— = 69 psi
y = £, it e

Py = py+ 69 = 500 + 69 = 569 psi
ump hydraulic horse; er
c. hp delivered to pump = Prmp Tyrran i
o)
569 + 4)psi » 40.7
0 e it 0
1704 x 0,94 > 0.92
d. To obtain the motor speed we first need to determine the motor theo-
retical flow rate
(@) meiee = (Qa)pure % (10, Jeae = 407 X 0.90 = 36.6 gpm
— (Or)oae X 231 _ 366 x 231
T (Vo) s

= 1057 rpm

e. To obtain the motor output hp we first need to determine the motor
input hp.

(500 — 5)psi = 40.7 gpm

mator input hp = e = 118 hp

Thus,

motor cutput hp = motor input hp X (1, ) e = 118 X 0,92 X 0.90 = 9.77 hp

motor output hp 63 000

£ motor output torgque =
N e
_ 897 X 63,000

1057

=582in -Ib

g. The overall efficiency of the system is

Thus, 62.2% of the power delivered to the pump by the electric motor is
delivered to the load by the hydraulic motor.
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Figure 9-27. Automotive example of mechanical-hydranlic servo system.






The following is a list of the most common causes of hydraulic system breakdown:

1. Clogged or dirty oil filters

2. Inadequate supply of oil in the reservoir

3. Leaking seals

4. Loose inlet lines that cause the pump to take in air
3. Incorrect type of oil

6. Excessive oil temperature

7. Excessive oil pressure



Sampling and testing of the fluid

Figure 12-1. Hydraulic fluid test kit. (Courtesy of Gulf Oil Corp., Houston, Texas.)



Figure 12-2. Rust caused by
moisture in the oil. (Courtesy
of Sperry Vickers, Sperry

Rand Corp., Troy, Michigan_)

Figure 12-3. Corrosion
caused by acid formation in
the hydraulic cil. (Courtesy of
Sperry Vickers, Sperry Rand
Corp., Troy, Michigan.)
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The following are the usual characteristics tested for in order to determine the flammability
of a hydraulic fluid:

Flash point. the temperature at which the oil surface gives off sufficient vapors to ignite
when a flame is passed over the surface

Fire point. the temperature at which the oil will release sufficient vapor to support
combustion continuously for five seconds when a flame is passed over the surface

Autogenous ignition temperature (AIT). the temperature at which ignition occurs
spontaneously

There are basically four different types of fire-resistant hydraulic fluids in common use:
1. Water-glycol solutions.

2. Water-in-oil emulsions.

3. Straight synthetics.

4. High-water-content fluids.
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1. MICROSCOPIC IMPERFECTIONS
OF THE MATING PARTS ARE
SEFARATED ... i

— I BY A FILM OF FLUID ..

."l ranl
(=2 7] _|

2. WHERE CLEARAMNCE EETWEEN THE
FARTS |15 CAUSED EY DYMNAMIC FORCES
AND FLUID WISCOSITY.

Fipure 12-4. Lubricating film prevents metal-to-metal contact. (Courfesy
Sperry Vickers, Sperry Rand Corp, Troy, Michipan |



The following recommendations should be adhered to for properly maintaining and
disposing of hydraulic fluids:

1. Select the optimum fluid for the application involved.This includes consideration of
the system operating pressures and temperatures, as well as the desired fluid properties
of specific gravity, viscosity, lubricity, oxidation resistance, and bulk modulus.

2. Use a well-designed filtration system to reduce contamination and increase the useful
life of the fluid. Filtration should be continuous, and filters should be changed at
regular intervals.

3. Follow proper storage procedures for the unused fluid supply.



Figure 12-5. Magnetic plugs trap
iron and steel particles. (Courtesy of
Sperry Vickers, Sperry Rand Corp.,
Troy, Michigan )

Filtering Clean out
element cover

Piston ring

Cartridge

Cartridge
front cap

rear cap

Indicator
arm

Mechanical
indicator

control spri ? ’ Filter housing

Figure 12-8. Cutaway view of a Tell-Tale filter. (Courtesy of Parker
Hannifin Corp., Hazel Park, Michigan.)

RELATIVE SIZE OF MICRONIC PARTICLES

MAGNIFICATION 500 TIMES

o 149 MICRONS - 100 MESH O
I MICRONS & MICRONS
74 MICRONS
| /
44 MICRONS |
326 MESH
200 MESH __\
o
5 MICRONS __/l

25 MICRONS

RELATIVE SIZES

LOWER LIMIT OF VISIBILITY (NAKED EYE]
WHITE ELOOD CELLS 25 MICRONS
RED BLOOD CELLS MICRONS
BACTERIA (COCCIy, . ZMICRONS

.. 40 MICRONS

LINEAR EQUIVALENTS

T1INCH BAMILLIMETERS 7% 400 MICRONS
1 MILLIMETER 0294 INCHES 1,000 MICRONS
TMICRON 12680 0FANINCH 001 MILLIMETERS
1 MICRON 2.94 % 10rE INCHES 000073 INCHES

SCREEN SIZES

MESHES PER [1E-X DOPENING IN OFENING IN
LINEAR INCH SIEVE NO. INCHES MICRONS
52.36 &0 on7 a7
7245 70 [0az 210
1010 o0 055 143
142.B6 140 041 106
200.00 200 L0289 74
2370.26 270 0z 53
323.00 3zs LT 44

Figure 12-7. Relative and absolute sizes of micronic particles. {Countesy of Sperry Vickers, Sperry
Rand Corp., Troy, Michigan )



Mo. of Particles

Mo of Particles

Code No per Milliliter per Milliliter
30 10000, 000 160
20 3,000,000 &0
28 2. 5000 0460 40
27 1300, 000 20
26 6400 (00 10
25 320,000 9 5
24 160,00 g 25
23 80,000 7 1.3
22 40,000 & .64
21 20,000 3 0.32
20 100,000 4 016
19 5,000 3 (.08
18 2,500 2 004
17 1,300 1 0.02
16 40 0o |
15 320 0.8 0.005

Component 180 Code
Servo Valves 14111
Vane and Piston Pumps/Maotors 1613
Directional and Pressure Control Valves 1613
Gear PumpsMotors 17114
Flow Control Valves and Cylinders 1815

Figure 1211

Figure 12-10.

150 code numbers for fluid cleanliness levels

Typical fluid clcanliness levels required for hydraolic componenis.




CYLINDER BORE WEAR
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Figure 12-12. Hydraulic cylinder with a bore that 15 worn due to solid-particle

contamination of the flud.



The End
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