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MECHANI CS OF FLU DS 11 MCH 302-3
Cour se Nane Cour se Nunber

PHI LOSOPHY/ GOALS:

The- study of hydraulics deals with the use and characteristics of |iquids
The integration of Engineering theory of fluid nmechanics with down-to-

earth practical aplication is a primary objective. | ndustry has given
the nanme "Fluid Power" to the field of practical application of fluid
mechancis. It is esential that the student end up with a good under-

standing of the basic theory in order for themto know how fluids can be
applied to a specific job.

METHOD OF ASSESSMVENT:

1) One week notice for tests.
2) Final mark based on the follow n:
Tests - frommanual information, filnms, practical know edge

Labs - hyd. circuits, pelton wheel, francis turbine and
centrifugal punp.

3) Afinal examnation will be given to those students who have a final
mar k bel ow 60% i ncluding two or nore "I" grades. The result of this
final examw ||l be the final mark assigned . == = . a"C o "R

4) Casses will be lecture, denonstration and |ab oriented.

5) Al students are expected to be punctual, regular attendees, and
conscientious in the work,

6) GRADES: A=80%& U -- Consistently Qustandi ng Achi evenent
B=70%- 79% -- Consistently Above Average Achi evenent
C=60%- 69% -- Average or Acceptable Achi evenent



TEXT,
Industrial Hydraulic Manual - Vickers-Sperry

REFERENCES:
Fl uid Mechanics - Binder (Prentice Hall)
Flow of Fluids - Crane (Tech. Paper 410-C)

COURSE OBJECTI VE:

This course consists of two conponents, as described bel ow

SECTION | - HYDRUALI CS

The work covered in this conponent is directed twoard providing the
student with a sound understanding of the principles of hydraulics, the
conponents and systens. The Vickers Handbook covers the above and ths
theoretical material is supported by (1) labs, (2) circuits produced on
hydrulic trainers.

SECTION Il - FLU D MECHANI CS LAB

A detail ed study of the performance characteristics of (1) the centrifuga
Punp and (2) either the pelton wheel/francis turbine is conducted. The

ab is to be witten and presented in a form acceptable for grading and
will consititute aproximately 35% of the final grade.



FLU D MECHANI CS

MCH 302
SECTI ON
Topi ¢ Suggest ed
No, Peri ods Topi ¢ Description Ref erence

1 6 FUNDAMENTALS

- Pascal's Law

- pressure exerted by a columm of oil
or water

- cause of pressure

- H P. equation

- frictions in piping, etc.

2 4 RESERVO RS & FILTERS & AL

- purpose of reservoirs
- design of reservoirs
- types of filters
- mesh and muron rating
- viscosity

3 5 ANE PUMPS

- types of punps

- hydrostatic and hydrodynam c

- assenbl y/ di sassenbly - "round",
"square” and "intravane" punps

- volunetric efficiency

- mal functi ons
4 6 RELI EF & PRESSURE REDUCI NG VALVES

- operation of relief valve and pressure valve

- construction of relief valve and pressure
val ve

- assenbly of relief valve and pressure valve

- mal functions of relief valve and pressure
val ve

- high vent spring

- venting relief valve

5 2 DOUBLE & TWO STAGE PUMPS

- difference between above punps
- assenbly of above punps
- functions of dividing valve into two stage

punps
- mal functions of above punps



Topi c
o

10

11

Suggest ed
Peri ods

Topi ¢ Description

DI RECTI ONAL CONTROLS

pur pose

maj or cl assifications

2 and 4 way val ves

adapt ati on of val ves

center condition of 3 position valves
function and operation of D&, D&
and D& vicker val ves

pi | ot val ves

decel eration val ves

TYPE VALVES

types of valves and assenbly for each

type
mal functions of each type

COMBI NATI ON  PUMPS

definition

operation and assenbly of various
types of conbination punps

mal f uncti ons

Pl STON PUMPS & MOTORS

types

operation

pressure ranges

assenbly

mal f uncti on

fixed and variabl e types

open and closed circuit system

FLOW CONTRCLS

types

factors affecting flow
applications of flow control valves
mal f uncti ons

CIRCU T LAB

connecting 10 basic circuits on
Vi ckers panel boards

Ref er ence



MECHANI CS OF FLUI DS
SECTION |: HYDRUALICS - BASI C | NFORVATI ON
TOPI C |

GENERAL OBJECTI VES:

To have sound understanding of the basic principles of hydraulics.

SPECI FI C OBJECTI VES:

1.
2.

10.
11.

12.

To be able to state "Pascal's Law'

To be able to state that hydraulics is a means of power
transm ssi on.

To be able to state that oil is the nbost commonly used nedi um as
it serves as a lubricant and is practically non-conpressible.

To be able to state that oil weighs 55 to 58 |bs. per cubic foot.

To be able to state that the pressure at the bottom of one foot
colum of oil is approximately 0.4 psi and to be able to find the
pressure at the bottomof any colum of oil.

To be able to state that there nust be a pressure drop across an
orifice or restriction to cause flow through it.

To be able to state that liquid is pushed, not drawn, into a punp
by at nospheric pressure. (14.7 psi).

To be able to state that a punp's purpose is to create flow, not
pressure and only positive displacement types are used in
I ndustrial hydraulics.

To be able to state that pressure is caused by resistance to flow
To be able to state that oil takes the course of |east resistance.
To be able to state that a pressure guage indicates the work |oad
at any given nonent. Gauge readi ng does not include atnospheric
pressure.

To be able to state that the force exerted by a cylinder is

dependent upon pressure applied and piston area. (Area = dianeter
squared x 0.7854)



SPECI FI C OBJECTI VES - Conti nued

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

To be able to state that the speed of a piston as a cylinder is
dependent upon its size (piston area) and the rate of oil flow
into it.

To be able to state that the flow velocity through a pipe varies
inversely as the square of the inside dianeter - i.e. doubling the
I.D. increases the area by four tines.

To be able to state that the friction of a liquid in a pipe varies
as the square of the velocity.

To be able to find the actual area of a pipe needed to handle a
given flow using the fornul a:

Area = GP.M x 0.32(B or Velocity (Ft./sec.) = GP.M
Vel ocity (Ft./sec.) 3.117 x area

To be able to state that in standard pipe, the actual inside
dianmeter is larger than the normal size quoted.

To be able to state that steel and copper tubing size indicates
t he outside dianeter.

To be able to state that a) single wire braid hose corresponds to
tubing in nomnal size, i.e., 3/4" tube = #12 hose; b) double wire
brai d hose has same |.D. as OD. of tube.

To be able to find that HP. required to nove a given volune at a
known pressure using formla:

H. P. GP.M Xx Pressure x 0.000583
H. P. GP.M x P.S. |
1714

To be able to list the follow ng relationships:
1 HP 33000 ft./Ibs. per mnute

746 watts

42.4 BIU M n,

To be able to list the follow ng formul a:
a) Torque (in Ibs.) = 63025 x HP
R P. M

b) HP. = Torque (in Ibs.) x RP.M
63025

To be able to find the amount of oil reugired to nove a piston
through a given distance by multiplying the piston area 1 n inches
by the stroke length in inches and divide this by 231 to find the
capacity in gall ons.




SECTI ON

SECTION I'l: RESERVAO RS, FILTERS, STRAINERS AND O LS

GENERAL OBJECTI VES:

To have a sound understanding of hydraulic reservoirs, filters,
strainers and oils.

SPECI FI C OBJECTI VES

1.

10.
11.

12.
13.

© © N o O

To be able to state the reservoir should be 2 or 3 tinmes the punp
capacity.

To be able to state that the air filter should be 5 tinmes the punp
vol une.

To be able to state that the oil tenperature should be about 60°
to 70 F above room (anbient) tenperature in a reservoir

To be able to state the basic requirenents of a reservoir
construction, breather, baffle Plate, |ine connections and
fillings.

To
To
To
To
To
To
To

be
be
be
be
be
be
be

have.

abl e
abl e
abl e
abl e
abl e
abl e

abl e

to define a) Filter, b) Strainer.

to define "Mesh" and "Mcron Rating"

to state the three positions for filters.
to list three types of filtering materials.
to list the two types of filter el enents.
to list the three basic types of filters.

to state what three basic properties hydraulic oil nust

To be able to define Viscosity.

To be able to state the tenperature and cleanliness requirenments
of hydraulic oil.



SECTI ON |
TOPIC Ills PUWS - GENERAL

GENERAL OBJECTI VES

To have a sound understanding of the types of punps and their
particul ar design and construction used in industrial hydraulics.

SPEQ FI C GBJECTI VES

1.

To be able to list the two types of punps:
a) Positive (Hydrostatic)
b) Non-Positive (Hydrodynam c)

To be able to state that industrial hydraulics uses positive
di spl acenent punps, either fixed or variabl e di spl acenent.

3. To be able to list four types of positive displacenment punps.

To be able to correctly disassenbl e and assenbl e a Vi ckers "Round"
punp, and reassenbl e for opposite shaft rotation.

To be able to list three itens that affect a round punp's
delivery.

To be able to correctly disassenble a Vicker's "Sguare" punp and
reassenbl e for opposite shaft rotation,

To be able to correctly disassenbl e and assenbl e a Vickers _
"I ntravane” punp and reassenbl e for opposite drive shaft rotation.

To be able to difine Volunetric Efficiency.



SECTI ON |
TCPIC 1V: RELIEF VALVES AND PRESSURE REDUA NG VALVES

CENERAL  CBJECTI VES,

To have a sound understanding of the operation and repair of a
bal anced piston relief valve and pressure reduci ng val ves.

SPEQ FI C GBJECTI VES

1. Tolbe able to describe the operation of a sinple type relief
val ve.

2. To be able to define "Qacking Pressure".

3. To be able to sketch a bal anced piston relief valve and descri be
the operation of the various conponents.

4. To be able to describe the construction and operation of a renote
control relief valve.

5. To be able to describe the purpose of a vent connection on a
relief valve.

6. To be able to define a "Hgh Vent Spring".

7. To be able to describe five nal functions of a bal anced spoo
relief valve and their renedies.

8. To be able to state the differences between a relief valve and an
unl oadi ng val ve.

9. To be able to disassenbl e and assenbl e a Vickers bal anced spoo
relief valve correctly.

10. To be able to sketch a pressure reducing val ve (M cker's design)
and describe the operation of the various conponents.

11. To be able to describe five mal functions of a pressure reducing
val ve and state their renedies.

12. To be able to assenbl e and di sassenbl e a Vi ckers pressure reduci ng
val ve correctly.



SECTI ON |
TCPIC V. DABLE & TWD STAGE PUWPS

GENERAL CBJECTI VES

To have a thorough understanding of the operation and nal functi ons of
doubl e and two stage punps.

SPEQ FI C GBJECTI VES,

1.
2.
3.

To be able to diagramatically sketch a doubl e punp.
To be able to assenbl e and di sassenbl e a doubl e punp correctly.

To be able to state the function of a two stage punp and draw a
di agranati c sketch of it.

To be able to describe the functions of a dividing val ve.

5. To be able to draw a circuit diagramof a two stage punp show ng

how t he di vi di ng val ve operat es.

To be able to state that |eakage in small punps are externally
gragneg because of heat, while the larger ones are internally
rai ned.

To be able to state that when adjusting a two stage punp adj ust
the head bolts in the head end cartridge.



SECTI ON |
TCPI C VI: D RECTI ONAL GONTRCLS

GENERAL CBJECTI VES

To have a sound understandi ng of the operation and mal functions of
directional control val ves.

SPEQ FI C CBJECTI VES:

1
2.

To be able to define control val ves.

To be able to list five major classifications of directional
val ves.

3. To be able to define the function of a check val ve.

10.

11.
12.

To be able to list four types of check valves and their
appl i cati ons.

To be able to describe the functions of a 2-way and 4-way val ves.
To be able to describe the operation of and draw schenatics of:

a) Rotary four-way val ves
b) Spool type two-way val ves
c) Spool type four-way val ves,

To be able to list five methods of operating directional valves.

To be able to state what is neant by "spring centered", "spring
offset" and "no spring".
To be able to describe or craw schenatics to show the foll ow ng

Vicker's center conditions, type 0, type 1, type 2, type 3, type 4
or 8 type 9.

To be able to describe the function and operations of the
foll owi ng Vi ckers val ves:

a) DA series
b) D& and D& seri es.

To be able to describe where pilot pressure sources are avail abl e.

To be able to describe the function and operation of a pil ot
choke, pilot piston, and a decel eration val ve.



SPECI FI C OBJECTI VES - Conti nued

13.

14.

15.

16.

17.

To be able to state the difference between a two land and a three
| and spool .

To be able to state the direction of oil flow inside a two or
three land spool directional valve.

To be able to state that a pilot valve for a spring centered val ve
nmust be a type 6.

To be able to conprehend circuit diagrans of various type
di rectional val ves.

To be able to correctly assenble and di sassenble sinple type
directional valves.



SECTI ON |
TOPICVII: "R TYPE VALVES

GENERAL GBJECTI VES:

To have a sound understandi ng of the operation and mai nt enance of
Vi ckers "R' val ves.

SPEQ FI C GBJECTI VES:

1.

To be able to describe the operation of the various conponents of
an "R' val ve.

To be able to list the five applications an "R' val ve can be used
in and the conponent relocation(s) required for each type.

To be able to list the main di sadvantage of using an "R valve as
a relief valve.

To be able to sketch a schematic of a circuit that the "R valve
woul d be used in for each application listed in objective #2.

To be able to corre_ctlty assenbl e and di sassenbl e a Vi ckers "R"
val ve and assenble it to suit any of objective #2 requirenents.



SECTI ON |
TCPIC VI QGOvBl NATI ON PUWPS

GENERAL GBJECTI VES,

To have a thorough understanding of the operati on and mai nt enance of
conbi nat i on punps.

SPEQA FI C CGBJECTI VES:

1. To be able to define conbi nati on punps.

2. To be able to list the various conponents of a conbi nation punp.

3. To be able to describe the operation of a type #3 punp during |ow
pressure advance and high pressure |ow vol ume advance.

4. To be able to state the problens with the unl oadi ng val ve section
is set too high or too |ow

5. To be able to describe the operation of a conbination type 33
punp, and type 6 punp.

6. To be able to correctly assenbl e and di sassenble a Vickers type 3
conbi nati on punp.



SECTI ON |
TCPIC I X Pl STON PUWS & MOTCRS

GENERAL GBJECTI VES

To have a thorough understanding of the operation and nai nt enance of
pi ston punps and notors.

SPEQ FH C GBIECTI VES:

1.

To be able to state the pressure range that piston punps are used
in.

To be able to state the two basic types of piston punps:

a) Radi al
b) Axi al .

To be able to state that axial punps can be bent-axis type or
in-1ine type.

To be able to describe the operation of a radial piston punp,

5. To be able to describe the operation of a fixed di spl acenent

10.
11.

in-1ine punp.

To be able to describe the operation of a variable displacenent
i n-1ine punp.

To be able to describe the operation of a bent-axis piston punp.

To be able to state that nost piston punps and notors have 7 or 9
pi stons, to snooth off pressure fluctuation,

To be able to state that for variabl e vol une punps:

a) Qutput varies as punp angle

b) Qutput varies as shaft speed.

To be able to draw a sketch of an open circuit hydraulic system

To be able to draw

a) a sinple closed circuit system

b) a sinple closed circuit systemw th repl enishing checks
c) a sinple closed circuit systemw th repl eni shing checks and
across the line relief- valves

d) a sinple closed circuit systemwth replenishing relief valve.



SPECQ FI C ABJECTI VES - Conti nued

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

go be gble to state that piston punps and notors are externally
rai ned.

To be able to state what a HA'S. drive is and list 4 applications
where it can be used.

To be able to sketch a valve plate show ng the dwell portion and
pr econpr essi on and deconpr essi on grooves.

To be able to define "Valve plate separation" or "Cylinder block
lift" and its cause and sol ution

To be able to state the difference in valving between a piston
punp and not or.

To be able to state for a fixed displacenment notor:

a) constant torque
b) vari abl e speede

To be able to state for a variabl e di spl acerment not or

a) variable torque
b) vari abl e speed.

To be able to describe the operation of pressure conpensators on
in-line and bent-axis piston punps and not ors.

To be able to state that during field repairs of piston Bunps and

notors, shallow grooves in the val ve plate and cg i nder bl ock can

be renoved and new pintle seals (bent-axis) can.be installed.

To be able to correctly assenbl e and di sassenble a Vickers in-line
pi ston punp and notor and a Vickers bent-axis punp.


can.be

SECTI ON |
TCPIC X' FLONGONTRALS

GENERAL GBJECTI VES;

To know the operation and mai ntenance of flow control val ves.

SPEQ FI C CBJECTI VES;

1.
2.

To be able to list four factors affected the flow of oil.

To be able to state that when the work | oad increases or decreases
the size of the opening nust adjust according to maintain a fixed
fl ow through an orifice.

3. To be able to list three applications of a flow control val ve.

To be able to eX|i)I ain the operation and function of a Vickers FRG
type (by-pass) flow control valve and its application.

To be able to explain the operation and furtction of a Vickers FGOG
type (restrlctorf flowcontrol valve and its application.

To be able to state that there nust be at |east 150 psi pressure
d{ppkacross a meter valve or the valve will beconme unstable and
sti ck.

To be able to state the di sadvantage of a flow control val ve used
ina Bleed-Cf application.

To be able to state three applications of each of the foll ow ng:

a) Meter-In Grcuit
b) Meter-Qut QGrcuit
c) Bleed-Gf Qrcuit



SECTI ON |
TCPIC XIs A RAUTS AND SUWARY

GENERAL CBJECTI VES:

To know how to read hydraulic circuit drawings and follow through a
t roubl eshoot i ng procedure.

SPEQ FI C GBJECTI VES:

1. To know how to obtain the following information froma hydraulic
draw ng.

a) Conponent |i st
b) (peration of total and branch circuits
c) Valve setting and types
2, To be able to follow through a trouble shooting procedure of given

basi ¢ hydraulic circuits when adequate infornmation on operating
probl ens is given.



SECTI ON |
FLU D MEGHAN CS LABS

CENTR FUGAL PUWP:

The test set and neasuring equi pment is designed for engineering
students. The students are introduced to concepts of hydraulics; the
energy used in noving fluids; the nmeasurenent of power and various
nmet hods of scientific measurement. The students will be supplied wth
a set of operating instructions fromwhich the lab will be conducted.

PELTON WHEEL AND FRANC S TURBI NE:

Visible working parts allow the student to view the conservation of
ener %y taking place. Sone of the fundanmental engineering principles
can be denonstrated: neasuring flow over a vee notch, neasuring shaft
HP by Prony Brake, measuri ng speed with a Tachoneter, water HP can be
found to be the product of head and flowrate. These are sone of the
itens that can provide the student with a greater understanding for
the practical and theoretical side of fluids at rest and in notion.



