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General Layout of an Electro-Mechanical Drive System(Motion-Control-System: MCS)  Slide 3 / 34

Higher Level Machine-/Facility Controller

I=

Motion-Control-System (MCS)

Generation of Target Values

IE

P

mains I

S2

S1: High level signal
S2: Lead signal
S3: Target values of motion state

Electromechanical Drivetrain

Device

in out

pro

Power S4 . S4: Target value of power electronics
electronics € Motion Controller S5: Actual values of motion state
S6: Actual values of motor state
T A X X
S6 Pei S5 i S5 } S5 1S5
I I I
e s e s e s s s e ] ]
| |
1 . .
. Manipulation
Motor —}i Gear Box i—} Mechanism |sssp P ==P|  Process
I

12 |GM  B.Corves, 14.06.2015, Mechanism and Drive Synthesis Lecture, TriSToMM 20

RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN



Main Questions During the Design Phase Slide 4 / 34

 What maximum power is required? P=F-v or P=T-®

* What maximum force/torque is required? Frax OF Ty ?

e What maximum RPM is required? Nnax®
e Variable RPM? n= f(t)
e RPM Control? Precision? Control Concept?

e Position Control?  Precision? Control Concept?
 Which supply voltage is available? 220V, 380V, ...
 Which acceleration capability is required? M=J-¢@ ?7?

 What precision is required?
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Characteristics of Electrical Machines Slide5/34

Motor Characteristics
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Motor Type SlE|ls|als|s|&88|5|z|3
stepper motor X X X[ X
switched reluctance motor X X XXX
Three-phase synchronous motor )¢ X XXX X . . .
Especially for high power requirements
Three-phase asynchronous motor X X x X X X X
AC motor capacitor with double-
stranded auxiliary branch and X X XX
squirrel-cage rotor
AC motor capacitor with three
strands auxiliary branch and X X XX ) ) )
squirrel-cage rotor Low-noise operation, robust construction
AC motor capacitor with double- and high durability for high performance

stranded auxiliary branch and X X X[ X

permanent magnet rotor

AC motor capacitor with three

strands auxiliary branch and X X X[ X

permanent magnet rotor

Universal motor

Elektronic motor

DC series motor

DC shunt motor

XX
X|X

Mechanical commutation leads to rough performance
and high wear with limited life time

Permanent magnet DC motor

X [ XXX |X
X [ X|X|X|X
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Permanent magnet DC motor with mechanical commutation Slide 7/ 34

1)
2)
3)
4)
5)
6)
7)
8)

9)

10) End cover

11) Electric connectors

Flange

Permanent magnet

Housing (magnetic back flow)
Shaft ’
Electric coil \ 3 N A - : /
Collector plate d ., . e

Collector

Graphite brushe

Precious metal brusbe:\

Influence on life time

*  Electricloading Graphite brushes
12) Ball bearings e RPM Precious metal brushes
* Inlarge Motors
13) Sintered journal bearings®  OPeration mode - For high current loads * Insmaller Motors
*  Environmental influence . e  For low current loads
*  For Start-Stopp-operation
* Brush design «  For continuous operation

*  For reverse operation
*  For battery operation

Source: maxon motor, Sachseln, OW, CH
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EC motor (electronically commutated) with ironless coils Slide 8 / 34

1) Flange

2) Housing

3) Stator

4) Electric coil

5) Permanent magnet

6) Shaft

7) Balancing disks

8) Print with hall-sensors

9) Control magnet

10) Pre-stressed ball bearings Block commutation with

Hall sensors

11) Pre-stressing spring

Sensorless block commutation electronics

* Relatively simple and cost efficient . .
Sine commutation

* Torque rippels *  More expensive electronics
*  Controlled start-up * No torque rippels

* High start-up torque and accelerations « \ery smooth RPM characteristics
even for Start-Stop

Torque rippels
No defined start-up

Not suitable for low RPM
* Higher continuous torque

Especially for continuous operation with . . .
P y P *  For high dynamic servo drives then for block commutation

higher RPM

Source: maxon motor, Sachseln, OW, CH
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Gear Motors

Slide9 /34

1)
2)
3)
4)
5)
6)
7)
8)

9)

Output shaft
Mounting flange
Shaft bearing

Axial bearing

Gear-motor connection plate

Gears
Pinion
Planetary gears

Sun gear

10) Planetary carrier

11) Annulus gear

Spur-gear system

* cost efficient

e  Forlow torque

¢ Two oder multi stage

* High gear ratios possible

* High efficiency and low
noise emission

Source: maxon motor, Sachseln, OW, CH

Planetary gear system

*  For high torque
* High power density
*  Two oder multi stage

* High gear ratios with low space
requirements

*  For high dynamic servo drives
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Basic Equations According to Willis

Slide 10/ 34

2| =y i T

.0

® Stationary

~ transmission ratio:

. o =i31/21 :%
Angular velocity of orbital gear 2: L 2! J

Wyg, = Wqg, T Wy, = Wy1, = Wy, — W9,

Angular velocity of sun gear 3:

W3g, = W1, T W3y,

With the base transmission ratio i, /,; and thus m;;, =is; /51 - ®,4,

the Basic Equation according to Willis can be derived:

W3, = Wqg, + |31/21((D202 - 0310z) resp. M3y, =l31/21My0, + (1_ 131/21 )(910z

-

1iC

=1 =

[
P
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Basic Equation According to Willis Slide 11/ 34

_ I a
2] = HJ:]\‘?
| I PRINCIPLES
lT
OF
| = ‘ :
3 o MECHANIS M.
® Base
~ transmissior
( DESIGNED FOR THE USE
iO — i31/21 = OF ETUDENTS IN THE UNIVERSITIES, AND FOR ENGINEERING
b STUDENTS GENERALLY.

Robert Willis (1800 - 1875)

English mathematician and architect,

Professor of natural- und experimental science ROBERT WILLIS, M.A. FRS.

at Cambridge University e Sebow o e Inaiteson o vk Bngiosrs Hors. embe a0t Byt Medust o™

the Royal Institate of Nritish Architects; Corresponding llemh_u of the Hn_:’al
) Gmmrvtory, Greenwich; Member of the Impernl Logion of Homor:
Member of the Soclety of Arta; President of the British
AssocipHan_for the Mmm‘uﬂ-ffk::l at
With the base transmission ratio i, ,; and thus ®;;, =iz, -

the Basic Equation according to Willis can be derived:

W3g, = Wqp, + |31/21((D202 - 0310z) resp. M3y, =l31/21My0, + (1_ 131/21 )('0102

-

5
&

www.dmg-lib.org
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Realizable Transmission Ratios for Planetary Gears Slide 12 / 34

/Basic equation according to Willis \
. . cL s rh
W30z =131/21020z (1_ 131/21 )6010z with i3y :r_ <-1
3
In- | Out- |grounded |Willis Transmission
put | put ratio
. : 1
. 3 2 1 ®307 =131/21020; 1= N
| 4 31/21
37 -1 :
3 1 2 W3p0; = (1—i31/21)(’3102 '= 1-i31/21
[INNN| W\
 Roamsend [
NN +3 %‘g 2 3 1 30, =i31/21020; i=1i31/21
—i31/21
2 2 1 3 0=i Wy, +\1—i =
31/21D20; ( 31/21)('0102 1-i31/21
1 3 2 W30, :(1_i31/21)0310z i=1-i31/51
. 1-i3y01
1 2 3 0=i M5, +\1—i =
31/21W20; ( 31/21)(’310z ~i31/21
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VDI 2157: Planetary Gear Drives

Slide 13/ 34

NormCD - Stand 2012-11

large central gear
Die deuische Version dieser Richilinie ist verbindiich.

ICS 01.040.21, 21.200 VVDI-RICHTLINIEN gg::; gg:i a) ring gear d)

VEREIN Planetengetriebe VDI 2157 T ~large central gear <\)\ planet carrier
DEUTSCHER Begriffe, Symbole, Berechnungsgrundlagen T planet carrier ‘<-> camer
INGENIEURE - ) [

Planetary gear drives ECWNET -
Definitions, symbols, designs, calculations 11::2; ?;e:'::i::gugl;;chh sun gear A= small central gear
small centrar gear

The German version of this guidefine shall be taken as authori-
tative. No guarantee can be given with respect to the English

E 5
)
E’@
o % fransiation.
24 : 3
S
§§ = b) large ring gear e) .
s £ E T large central gear planet carrier
-a B carrier
58 2
5d § Inhalt Seite Contents Paze |3 [+ planet carrier i ||7/ |
2 )
‘E # ;| Vorbemerkung 2 Preliminary note 2 é carrier &1
g E p| Eumleiung 2 Introduction 2 |8 ight-hand central gear
£l 1 A dungsbereich 2 1 Scope 2 E smallring gear left-hand central gear
5 2 Normative Verweise .3 2 Normative refi 3 42 small central gear
§ 3 Begriffe 3 3 Terms and definitions . . 3 :!;
3 3.1 Benennung der Planetengetriebe nach 3.1 Designation Dfplan:ury tr:msm.lssmns =
B verschiedenen Merkmalen ..................3 on the basis of different characteristics ......3 2 conhnected
g 32 Eesmdae Begriffe bei 3.2 Special terms and definitions used T c) T+ planet carrier f) T planet gear
% Pl ieben 6 with planetary transmissions 6 5 carrier =1
g 4 Formelzeichen, Abkiirzungen und 4 Symbols, abbreviations and § I I large sun gear I -4 planet carrier
i Indizes 8 di 8 .g large central gear carrier
] 5 Berechnungsgrundlagen......................11 5 Basic iples of calculati 5 L —
-3 5.1 Standgetriebe 11 5.1 Stationary tr 2 small sun gear sun gear
z 5.2 Einfache PI iebe 12 5.2 Simple pl Iy tr: = small central gear central gear
% 53 Z tzte P1 1ebe ....... 36 5.3 Compound planetary transmissions.. ﬁ
8| Schrifttum 43 Schrifttum 2
; Anhang A Ubersichtsblat 4 Annex A Overviewsheet .45 |2 Figure 1. Designations of the externally connected
2 Anhang B Standiibersetzung und Annex B Stationary ratio and installation 2 1
3 Einbaubedingung einfacher conditions for smlple planel:ary f g ears an d carrier a) L c) external planet
| Planctengetriebe 46 geartrains ... 48 @ Rplanet gear gear
g Anhang C Analytische Baechmmg einer Annex C  Analytic calculation of an inverse -§ T single planet idler gear
o mversen Matrix ... 50 matrix 50 ,& o lanet X
anet gear pair
2] AnhangD Beispiel 52 AnnexD E 2 |2 5 gearp
b o - . I o o I louble planet
g D1 Hochiiber de Getriebe 52 D1 High-ratio tr: 52 3
; D2 Fahrzeuggetriebe ... 66 D2 Vehicle tr: i55i 66 _E internal planet
z Index deutsch 89 Index English a0 _g gear
§ 8 | T idler gear
& 5
H = wide planet
2 2 stepped gear
: g g = L T
< 1 [
= ® tepped gear i
§ | S — planet gear pair
3 = E—with large =
H ES } | ] stepped gear
§ 2 — — narrow planet
o
3 :'?_-‘ gear
g
> —

VDI-Gesellschaft Produkt- und Prozessgestaltung (GPP)
Getriebe und i

_ _ I _ Figure 2. Designations of the planet gears
VDI-Handbuch Getriebetechnik II: Glemhforrmg iibersetzte Getriebe
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Encoders

Slide 14 / 34

Digital incremental encoder Output signals of a digital encoder

Schematic design
of a magnetic encoder

Schematic design ‘
of an opto-electronic encoder

* Relative position signal w1 J0°e Phase Shift AB
_1360° e  Cycle
* Rotation direction detection
. I I I I Channel A
e Standard solution for many
applications —I I_.I u I— Channel B
Channel |

Index Pulse Width
Phasing of Index Pulse

DC Tacho

¢ Analog RPM-signal
¢ Rotation direction detection

e Unsuitable for positioning demands

Resolver

*  Analog rotor position signal
* Analog RPM signal

*  Complex evaluation electronics
required

e Special solution for EC-motors

Source: maxon motor, Sachseln, OW, CH
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v

Photo Transistor
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Motor
Shaft

Schematic design of a resolver

Primary Side SecondarySide

U
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Energy Conversion and Motor Constants Slide 15/ 34

a3 ™ Pel
Power balance = SE— =
Pt =P+ Poss = Pnech =Pot ~Pos S - M,
Elektrical Power: P,=U-l " Ploss
Mechanical Power: P —®0-M=2n-n-M & . N
mech Elektromechanical Parameters
Power Loss PIoss = PIoss,el + PIoss,mech Idle current |0 [A]
. . 2
Elektrical Power Loss Poss,.el =Uing 1o Nm
Torque constant K e
Mechanical Power Loss Pioss mech = O Mg =-ky,; -1y
N J This constant allows to calculate the
_”rminalwhage I I U N torque for a given current value
1 nominal Voltage Vv 48.0 48.0 48.0 48.0
2 idle min-t 10100 7240 4720 3610 — .
— 3 idle et mA 348 202 105 71.4 Mg =ky I
4 nominal RPM min-? 9280 6290 3770 2670 /
5 nominal torque (max. permanent tarque) mNm 164 183 203 212 1 min
6 nominal current (max. permanentcurrent) A 3.95 3.08 2.19 1.74 .
7 stall torque ‘ ° ‘ ‘ mNm 2090 1490 1050 838 RPM ConStant' kn{
8 startcurrent A 46.7 23.7 10.9 6.68 V
9 max. efficiency_ _ % 84 83 82 81
.
10 Phase to phase resistance Q 1.03 2.02 4.40 7.19 ThIS COnSta nt a”OWS tO CalCUIate the
11 Phase to phase inductivity mH 0.204 0.400 0.937 1.60 . . .
312 Torque constant mNm A" 44.8 62.8 96.1 126 Induced, field wea kenlng voltage fora
13 RPM constant min1 V-1 213 152 99.4 76.1
14 Characteristic gradient min-' mNm-! 4.89 4.90 4.55 4.35 1
15 Mechanical Time Constant ms 5.17 5.19 4.81 4.81 given RPM value U ,=—:n
16 Rotorinertia gem? 101 101 101 101 ind k
Quelle: maxon motor, Sachseln, OW, CH \ n _/
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Power and Torque Loss

Slide 16 / 34

/’
Parameters and formulas

Elektrical Power:
Mechanical Power:
Elektrical Power Loss

Mechanical Power Loss

Pel =U-1=Pech T Poss
Prhech =0 T=21-n-T

PIoss,el =Uing - lo

2

PIoss,mech =0-Tg :(D'kM lo

I:)el

= ‘_ _:) P-}

PIoss

mech

Quelle: maxon motor, Sachseln, OW, CH
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)
Shaft Torque T=kpy I
1
Induced Voltage Upg =—"n=k, ®
k
\L n
—— /|
Motoras e T
Values for nominal voltage
1 nominal Voltage Vv 48.0 48.0 48.0 48.0
2 jdle RPM min-1 10100 7240 4720 3610
> 3 idle current mA 348 202 105 71.4
4 nominal RPM min-! 9280 6290 3770
5 nominal torque (max. permanent torque) mNm 164 183 203
6 nominal current (max. permanentcurrent) A 3.95 3.08 2.19
7 stall torque mNm 2090 1490 1050
8 startcurrent A 46.7 23.7 10.9
9 max. efficiency_ _ Yo 84 83 82
10 Phase to phase resistance Q 1.03 2.02 4.40 7.19
11 Phase to phase inductivity mH 0.204 0.400 0.937 1.60
12 Torque constant mNm A1 44.8 62.8 96.1 126
13 RPM constant mint V-1 213 152 99.4 76.1
14 Characteristic gradient min' mNm- 4.89 4.90 4.55 4.35
15 Mechanical Time Constant ms 5.17 5.19 4.81 4.61
16 Rotorinertia gcm? 101 101 101 101

-

1
Idle RPM n=10100-—
min
1mi
RPM constant:  k, =213- fmin
10100
Ind. Voltage Upyg=—""—"—"V=474-V
\ V\
mNm

Torque constant: ky, = 44.8-T

Idle current lp =0.348-A
Torque loss Tr =ky lg =15,59-mNm
Power loss Poss, mech =16,5-W

. J
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Efficiency

Slide 17 / 34

[
Parameters and formulas

Elektrical Power:

Mechanical Power:

Elektrical Power Loss

Pel =U1=Prnech T Poss
Prhech =@ T=21-n-T

2
I:)Ioss,el =Uing * o

I:)el

==

— _DP»

mech

= L

PIoss

Mechanical Power Loss Poss, mech = @ Tr = ®-kp; - lg
Shaft Torque T=kpy I
1
Induced Voltage U,g=—-n
kn
o J
Motordata [ | [ [ |
Values for nominal voltage

1 nominal Voltage Vv 48.0 48.0 48.0 48.0
2 jdle RPM min-1 10100 7240 4720 3610
3 idle current mA 348 202 105 71.4
4 nominal RPM min-! 9280 6290 3770 2670
5 nominal torque (max. permanent tarque) mNm 164 183 203 212
6 nominal current (max. permanentcurrent) A 3.95 3.08 2.19 1.74
7 stall torque mNm 2090 1490 1050 838
8 startcurrent A 46.7 23.7 10.9 6.68
9 max. efficiency_ _ Yo 84 83 82 81
10 Phase to phase resistance Q 1.03 2.02 4.40 7.19
11 Phase to phase inductivity mH 0.204 0.400 0.937 1.60
12 Torque constant mNm A1 44.8 62.8 96.1 126
13 RPM constant mint V-1 213 152 99.4 76.1
14 Characteristic gradient min' mNm- 4.89 4.90 4.55 4.35
15 Mechanical Time Constant ms 5.17 5.19 4.81 4.61
16 Rotorinertia gcm? 101 101 101 101

Quelle: maxon motor, Sachseln, OW, CH
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Ifdle current

Torque constant:

Power loss
Ind. Voltage

Electrical power loss:

Efficiency

Nom. el. Power. P, =U, o “lhom

\

lp =0.348-A
mMNm
kag=44.8- ————

M A
PIoss,mech =16.5-W
U =47.4-V
I:)Ioss,el =16.5-W

=189.6-W
n= PeI _Ploss
I:)el

n

o

~189.6-(16.5+16.5)

=0.826
J

189.6
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Operating Limits Slide 18 / 34

T ~nt
—L
Overload range P
mech

,

T max I:)Ioss
Ph

field wéaken'ing
range
N
field weakening Nax
range

Motordata N I A B

Values for nominal voltage

1 nominal Voltasg \ 48.0 48.0 48.0 48.0
2 idle RPM min-! 10100 7240 4720 3610
3 idle current mA 348 202 105 71.4
4 nominal RPM min- 9280 6290 3770 2670
5 nominal torque (max. permanent tarque) mNm 164 183 203 212
6 nominal current (max. permanent current) A 3.95 3.08 2.19 1.74
7 stall torque mNm 2090 1490 1050 838
8 startcurrent A 46.7 23.7 10.9 6.68
9 max. efficiency % 84 83 82 81
10 Phase to phase resistance Q 1.08 2.02 4.40 7.19
11 Phase to phase inductivity mH 0.204 0.400 0.937 1.60
12 Torque constant mNm A 44.8 62.8 96.1 126
13 RPM constant min-t V-1 213 152 99.4 76.1
14 Characteristic gradient min' mNm- 4.89 4.90 4.55 4.35
15 Mechanical Time Constant ms 517 5.19 4.81 4.61
16 Rotorinertia gcm? 101 101 101 101

Source: maxon motor, Sachseln, OW, CH

: IGM B.Corves, 14.06.2015, Mechanism and Drive Synthesis Lecture, TriISToMM 2015 RWIHAACHE

RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN




Mechanical Time Constant Slide 19/ 34

Motor start with constant current under )
consideration of induced voltage and with
linear load inertia: (st . y
1* order time lag:
conservation of angular momentum:
do 1 1 U
Joot®=kp -l = ' "Ustart — O
mot. ) M ) ) ) dt Tmech kw
Static Circuit Consideration
J ‘R
H mot
Ustart — U with T —_mot___
_ Ystart ind . _ mech
| = - with U,y =k, -® km Ko
Final differential equation X J
- start RPM [1/min]
dt  J,ot 'R (kg 12000
\ J
Motordata [ | || 10000
1 ::::?:afx‘;‘t’a::a“’o“age \ 48.0 48.0 /
2 idle RPM mifr 10100 7240
3 idle current A 348 202 8000
4 nominal RPM mifr! 9280 6290
5 nominal torque (max. permanent torque) m:]m 164 183
6 nominal current (max. permanent current) A 3.95 3.08
7 stall torque ° ‘ ‘ mNm 2090 1490 6000
8 start current A 46.7 23.7
9 max. efficiency_ _ % 84 83
4000
10 Phase to phase resistance Q 1.03 2.02
11 Phase to phase inductivity H 0.204 0.400
12 Torque constant mNm A7 44.8 62.8
13 RPM constant min-! Y1 213 152 2000
14 Characteristic gradient min mNrf? 4.89 4.90
%15 Mechanical Time Constant S 5.17 5.19
16 Rotorinertia QCE2 101 101 0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Source: maxon motor, Sachseln, OW, CH
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1 Drive Systems

} 1.1 Rotational Electrical Drives
D 1.2 Linear Electrical Drives
1.3 Linear Pneumatic Drives

L IGM B.Corves, 14.06.2015, Mechanism and Drive Synthesis Lecture, TriISToMM 2015

RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN



Embodiments for Linear Motors(l) Slide 21/ 34

Motors with connector housing

Source : linmot, Spreitenbach, ZH, CH
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Application Examples for Linear Motors () Slide 22 / 34

Handling
Module

Assembly
Module

Parallel Kinematic

Labelling Module Machine

Source: linmot, Spreitenbach, ZH, CH
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Application Examples for Linear Motors (Il) Slide 23 / 34

Packaging Machine

Handling

Module "L |Ih_‘

Logistic
System

Source: linmot, Spreitenbach, ZH, CH
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RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN



Basic Structure of a Linear Motor (Permanent Magnet Synchronous Motor)

Slide 24 / 34

Position and temperature sensors

Characteristic stroke-force curve

of a linear motor

Stator coils - s -
SS _
320
Armature with £l
240
neodym magnets _ /| N
= / N
Y 160 // i 48v § \\
us- ’/ \\
% / \
Load connection
0
-60  -40 -20 0 20 40 60
! .
{ . : Lift [mm]
M
- ZP i
- Tl
Source: linmot, Spreitenbach, ZH, CH
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Data Sheet of a Linear Motor Slide 25/ 34

P01-48x240/1680x1830 LinMot®

Maximum Lift: 1830 mm 800 ]
Peak Force 585N 500 / 1 \ Standard Wicklung:
400 l E1100-XC, 72VDC
£ N E1100-HC, 72VDC
£ 300 = 1 =
3 -~ | = F - Wicklung
200 | E1100-XC, 72VDC
100 | — = — E1100-HC, 72VDC
J
0
ﬁ Miax. Hub 1830 i Motor Specification
SS Hub 1680
m | Standard Winding
I;L/L 1s=2000 E } |
T i PO1- 48x240/1680x1830-C
25 ' Extended Stroke ES mm (in) 1830 (72.05)
la—| 50 :ZP-BQO Standard Stroke SS mm (in) 1680 (66.14)
200 1730 Peak Force E1100-XC N (Ibf) 585 (131.5)
. - ~{1805 Peak Force E1100-HC N (Ibf) 585 (131.5)
- ~N Cont. Force N (Ibf) 145 (32.5)
Abmessungen mm . Cont. Force Fan cooling N (Ibf) 258 (58.0)
Electromechanical Motor Constants Border Foree % co
Force Constant N/A (IbfiA) 390 (877)
N Max. Current @ 72vDC A 150
Force Constant: kM _ Max. Current @ 48vDC A 12.7
A Max. Velocity @ 72vDC m/s (in/s) 1.7 (67)
Max. Velocity @ 48vDC m/s (in/s) 1.1 (45)
Phase Resist. 25/80 °C  Ohm 3.1/3.7
Force in lift direction: F=ky I Phase Inductance mH 3.1
Thermal Resistance *KIW 1.1
Thermal Time Const. sec 3000
. m/S Stator Diameter mm (in) 48 (1.89)
Ve|OCIty Constant: kv —_— Stator Length mm (in) 290 (11.40)
V Stator Mass g (Ib) 1930 (4.25)
Slider Diameter mm (in) 28 (1.10)
1 Slider Length mm (in) 2000 (78.74)
Slider Mass g (Ib) 9140 (20.15)
Induced VoItage: Uind = 'V Position Repeatability ~ mm (in) +0.05 (+0.0020)
k Linearity % +0.10
Repeatability with EPS  mm (in) +0.01 (x0.0004)
MIESET L@t = ald| Linearity with EPS mm (in) +0.01 (+0.0004)

Quelle: linmot, Spreitenbach, ZH, CH
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Pneumatic Cylinder Slide 27 / 34

(1) Rod Wiper Seal Includes all of the seals, etc. in the
n (1) Rod Seal "Complete Cylinder Seal" Kit plus:
(1) Rod Bearing Cartridge O-Ring Seal

n (2) Cushion Screws / O-Ring Seals n (1) Rod Bearing Cartridge

(2) End Cap to Tube O-Ring Seals [El (1) Piston Wear Band

ﬂ (2) Cushion Seal Inserts

(2) Piston U-Cup Seals

(1) Packet of Lubrication Grease (not shown)

Model MH Cylinder shown:

4 5 6 7 9

Source: Peninsular Cylinder Company, Michigan, USA
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Pneumatic Cylinder Modelling
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Pneumatic Flow Functions Slide 29/ 34
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Differential Equation for Pressurized Chamber Slide 30/ 34

_dmg _d(Vypy) _dvy dp, n, = 2 — 2
m, = = = 04 +V, —— m; =¢&;-Aq-Po- “Wip —€11-A11°P1- "Wa1
17 dt dt T \R- Ty \R-T

Vi =Vjp +x- Apiston

-
|
(. — - ) '
L_J' Ay g, | Vao Az €21
o+ |P1]|X - /
81 . Al . po . 2 . R . TO . p_ ' \ljlo P In/Outlet . T Pa
0 i Stroke h
3k-1 ——
dp n P, | 2x x
1_ Hr.T .| P1 .
d _V A _811.A11.p4. 2RT4 - '\|]41 . In/Outlet
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Differential Equation for De-Pressurized Chamber Slide 31/ 34
m, = = =—2.0,+V, - —2% My =—&, Ay Py |—— Y3y =&y *Ayg Py [——-
27 4t dt qt P2t V2 qt 2 2°A2P2 R-T, W32 —€21°A21°P2 R-T, Va2

A &y

/ @4’—
i - 3k-1
P 2K
—& A2°p3'\/2'R'T3'(p_2j V32 In/outl
3 n/Outlet
3k-1
dp, n P2 | 2¢
— —821'A21'p4' 2.R.T4.[_ “Yar In/Outlet :
dt Voo +(h—X) Aneron v ~ o
+X Apiston *P2 e ] v
—
e B -
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Differential Equation for Chambers und Mass

Slide 32 / 34
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Thanks for your attention.

Kontakt:

Institut flr Getriebetechnik und Maschinendynamik

RWTH Aachen

Kackertstralle 16-18

52072 Aachen Internet:

(+49)-241 80-95546 www.igm.rwth-aachen.de

mbox@igm.rwth-aachen.de

@ IGM B.Corves, 14.06.2015, Mechanism and Drive Synthesis Lecture, TrISToM

RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN



	Mechanism and Drive Synthesis Lecture (Part I)�TrISToMM 2015, Izmir, Sunday, June 14th 	
	Contents
	General Layout of an Electro-Mechanical  Drive System(Motion-Control-System: MCS)
	Main Questions During the Design Phase
	Characteristics of Electrical Machines
	Contents
	Permanent magnet DC motor with mechanical commutation
	EC motor (electronically commutated) with ironless coils
	Gear Motors
	Basic Equations According to Willis
	Basic Equation According to Willis
	Realizable Transmission Ratios for Planetary Gears
	VDI 2157: Planetary Gear Drives
	Encoders
	Energy Conversion and Motor Constants
	Power and Torque Loss
	Efficiency
	Operating Limits
	Mechanical Time Constant
	Contents
	Embodiments for Linear Motors(I)
	Application Examples for Linear Motors (I)
	Application Examples for Linear Motors (II)
	Basic Structure of a Linear Motor (Permanent Magnet Synchronous Motor)
	Data Sheet of a Linear Motor
	Contents
	Pneumatic Cylinder
	Pneumatic Cylinder Modelling
	Pneumatic Flow Functions
	Differential Equation for Pressurized Chamber
	Differential Equation for De-Pressurized Chamber
	Differential Equation for Chambers und Mass
	Contents
	Foliennummer 34

