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SIEMENS
What is an hydraulic fluid?

The represents one of the most important elements in the hydraulic
system, with several tasks:

Power/Energy transfer

Generation and transmission of pilot signals for hydraulics

Lubrication

Heat transfer

...others (corrosion protection, particles carrying ...)
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SIEMENS
How to define a fluid?

A lot of terms are usually associated with the description of a fluid:

6ensity Compressibility Viscosity A
Thermal conductivity Specific heat Electrical properties
 Stability Toxicity Lubricity. .. Properties )
(. . N . )
Saturation pressure Vapor pressure Flash and boiling points
L Surface tension Thermal expansion... Parameters )
Aeration Cavitation Foaming...

However, only a few of them are used for dynamic hydraulic modelling.
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SIEMENS
Fluid density

The is defined as the mass per unit volume:
where, using Sl units:
M M is the mass of the fluid [kg]
o=— [ kg/m3] | e
\V V is the volume of the fluid [m?]

The density is a function of:
* pressure

* temperature

* type of fluid

o= f(P,T, fluid)

Density includes mass, hence it is responsible for inertia effects
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Fluid compressibility

, to a certain extent, !

Similar to the the linear expansion caused by the pulling effort dF onarod ...

é\/
. the volume reduction ——,—is linked to the pressure increase dP
( @ :] P pressure
oF
V volume
0/

: D Yp + 5

V + 6V

N

51__1.
L E-A

with E: Young’s Modulus of the material

PT)=_v.P
Note: this is a deformation due to traction. With a compression ﬁ( ) NV
force, a minus sign appears. \V

C:fluid T
Lp,T)

Page 7 Siemens PLM Software




SIEMENS
Fluid viscosity

In everyday terms, between two adjacent fluid
elements.

y dimension

" According to Newton’s law:
boundary plate

: _ dv
(2D, mD‘u'll;gJ) velocity, u . F — LL - A —
shear stress, v dy
fluid gradient, {f',ff A: contact area between the two layers
M: absolute viscosity
boundary plate (2D, stationary) v: fluid Velocity

Viscosity results from an exchange of quantity of movement by molecular diffusion
between 2 layers of fluid with different velocities.

In this sense, the viscosity is a fluid property and not a flow property.
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SIEMENS
Fluid viscosity

A Newtonian fluid has a stress-strain curve that is linear:

lShear thinning

Bingham plastic

lNeMnnian

Shearing stress, 1

Shear thickening

: .ol
Rate of shearing strain, E

A non-Newtonian fluid has a stress-strain relationship which is non-linear, and can even be time-
dependent.
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Fluid viscosity

Newtonian or Non-Newtonian?
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Aerated liquids

Very often, the fluid used in the hydraulic system is aerated.

Surface
vortex

Jet trapping
bubbles
|
v
-
""-\ Entrained
et air
: . , . -
Lubricant aeration in running engine .

L]
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Fluid cavitation

Cavitation is the formation of vapour bubbles inside the fluid due to the

pressure
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SIEMENS
Fluid cavitation

* In fluid systems the term "cavitation " usually refers to the formation and collapse of cavities in the liquid.

* The cavities may contain air or gas. If the pressure is low enough, the liquid starts to vaporize and vapor
cavities will form.

- Cavitation damage:
Some aspects of the bubble growing and its
implosion that leads sometimes to
destruction of material.

Initial Bubble Initiation of Bubble Collapse

Cavitation damage in
pumps porting plates

Forming of liquid jet  Impact and metal extrusion
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Saturation pressure and vapor pressure

A Saturation pressure vs Vapor pressure
_____ >
Liquid with dissolved air
. - \\ . ¢1
Dissolution ‘\ N~ PR s Air absorption (total or partial)
~
N\ 'S, - R * (free = dissolved air)
. . /7
o) > hE < -
5 N "= 4
N \ .
8 ] . Air release
e Aeration \ . _
Qo . (dissolved > free air)
i) \ A
3 * L d
g \ 4
— : .
N\ v/
Cavitation +
Air bubbles Vapor cavities
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SIEMENS
Hydraulic systems

Hydraulic systems rely on capability of the liquid to transmit forces with the help of the static pressure.
Thus we can build components to multiply forces!

Fi F
l ? _ F, _ F, Construction machines Aerospace Automotive
Po A
1 2
A Railway Offshore
2 pressure p I l
"Any change of pressure at any point of an Robotics ’ \ Medical
incompressible fluid at rest, is transmitted devices
equally in all directions." Manufacturing Materials handling
Pascal, 1651

Agricultural and forestry machinery

Unrestricted © Siemens AG 2017
Page 18 Siemens PLM Software



SIEMENS
Hydraulic systems

Hydraulic systems include hydraulic components:
Hydraulic pumps: transforming the input mechanical or electrical energy into output hydraulic energy
Hydraulic valves to control either flow or pressure
Auxiliaries: filters, heat exchangers, reservoirs ...
Hydraulic lines: rigid pipes or hoses, conducting the liquid along a distance (that can be very long) also in
an open space > transmission lines
Hydraulic actuators: transforming the input hydraulic energy into output mechanical energy (rotary
actuator: hydraulic motor, linear actuator: cylinder)

Electric Hydraulic Mechanic
@ power power network
network

£ F.I k
a I P 1es
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Hydraulic pumps and motors

The function of the is to :
The pump flow rate is usually a function of pump speed, pressure head, ...

Different types of pump technologies:
(pistons, membranes, gears, vanes...) based on the volume-displacement principle
with inlet and outlet check valves (opening/closing controlled by pressure), or
with inlet and outlet ports (e.g. bean shape, opening and closing function of the rotation angle)

The function of the motor is to drive a rotary shaft (with a certain load applied) using the hydraulic power.
Hydraulic motors are mostly used in the fluid power industry.
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Many hydrostatic pumps based on displacement principle

Piston pumps

 Axial piston pumps
« Swash plate
» Bent axis
» Radial piston pumps
* In line piston pumps

SIEMENS

Gear pumps

» External gears
* Internal gears

Vane pumps

 Translating stator ring
» Rotating stator ring

Unrestricted
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Hydraulic valves

The function of hydraulic valves is either to control a certain variable or to provide the flow rate to the
right final consumers.

r—" ]l- }I—H T
—L . | :
¢ Pressure reducing SIS Flow control
L1
N
'\\__ —
=z Limiting pressure — Flow divider
]
1
| T
lr >+ Flow control yo >< -l 11" Directional control

... and many others! _
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Different classifications of hydraulic valves, depending on...

s Regulated / controlled variable

- Directional control valves i
// V. o //W

* Pressure control valves L - Y

 Flow control valves S L B

s Type of valve operation
. . iezo force
‘ MeChanIC pressure force Rnchor solenoid force p@_

* Hydraulic / pneumatic = NN =N
» Electric: 4 }é—?:
. . . . Airgap o el = piero electric

+ Solenoid actuation: continuously variable force or PWM
 Piezoelectric actuation (fast dynamics)

Number of stages

. . . P direct actin —
- One main stage: direct acting valves

* Pilot and main stages (high power):
* Piloted valves
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Auxiliaries: accumulators

An accumulator is a liquid reservoir in which a fluid is held under pressure by
an external source like a spring or a gas volume.

Accumulators can have different functions either for fast or slow operating
conditions of the hydraulic system:

Solve the problem of liquid expansion with temperature
Reduction of the pressure pulsations (waves)
Compensation of rapid changes in flow delivery or consumption

Maintain the pressurization of a liquid (when the pump is stopped, leakages
compensation...)
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Auxiliaries: heat exchangers

Heat exchangers are components for heat transfer between a solid material and fluids (gas or liquids)
Several types of heat exchangers exist:

« Liquid / Liquid

« Liquid / Gas

« Gas/Gas

» 2-phase/ Gas

with different configurations for flow directions.

Concentric Tube Tube and Shell
v

¥ Fluid 2

Crossflow

VXD
NN

N

Fluid 2
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Hydraulic lines

An hydraulic line transfer the liquid from the inlet to the outlet.

Three fluid effects might determine the line behavior:
- Compressibility (C): pressure increase or decrease due to inlet or outlet flows
* Friction (R): regular pressure losses along the length
* Inertia (l): waves propagations
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Hydraulic actuators

They transform the inlet hydraulic power into outlet mechanical power, either as linear or rotary motion.

cylinders motors

9,9,9
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Axial piston pump — swash plate SIEMENS
Working principle
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Direct acting 2-2 way solenoid valve SIEMENS
Working principle

DIRECT-ACTING SOLENOID VALVE

N
SwitcH
w wl
o [
- -
2] v
w Wl
w w
[ el
o. ol

PRESSURIZED
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Open-loop hydraulic actuation system for a double acting cylinder SIEMENS

Working principle

00000 e

M
Parameters
| N

Velocity (mvs)
wl Tl Maximum Loads (N) 353429
. . v
\J 1
? T
Speed of the piston (m/s)
Lyt
1
. —
\ _-).}
N\
\3' 0
E Q :
T
L] L]

& Working speed of the piston
‘ 8 Progect speed of the piston

Pressure levels

-= pecO5ba - $15¢ +100 bar
- 05<p<+ibar __p »U'Obv

- +5<p<+iSbar
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Explore how the Simcenter portfolio can help you optimize designs and SIEMENS
deliver innovations faster, with greater confidence
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