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Werner von Siemens — discoverer of the dynamo-electric principle
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1847
1850
1866
1879
1885
1889

First DC-motor with commutator presented by Ritchie

(power supply still only from batteries)

Founding of "Telegraphen-Bauanstalt von Siemens & Halske" in Berlin

First international sales agency in London

Siemens discovered dynamo-electric principle, a reliable energy supply for electric motors
First electric locomotive

Tesla invents rotating magnetic field

First asynchronous motor by Dobrowolski
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SIEMENS
First source of DC-power Ingenuity for life

« DC-or Direct Current — power has been the first available electrical power, coming mainly
from electro-chemical batteries

Volta’s battery Arc-lamp using Volta’s battery
from 1800
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The Lorentz-force
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« Simple spinning DC-generators (magneto-electric machines), working on the principle of induction, were
providing power just enough for street lighting, telegraphic purposes and small DC-motors (not more

than 700W)
S
Electro-
‘ H N ~ magnet
| Magnetic
</v field
Current | v
v S
Electro-
N ~ magnet

2020-07-03

commutator

/ armature winding

pole
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SIEMENS
The dynamo-electric principle lngenuity for Life

* Only the discovery of the dynamo-electric principle by Werner von Siemens in 1866, using self-excitation,
producing electrical power on a much larger scale, allowing applications like electric trams and elevators

The Siemens Dynamo machine from 1866 - by reconfiguring a magneto with
a double-T armature

First electric tram in 1881
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The DC-motor
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Separately excited

*Independent
supply for
armature and field
*Most flexible
control
characteristic

Series excitation

U=constant

-

(0]

earmature and field
circuit must have
same capacity

. T ~ |2

eunder no load
motor will run
away

Shunt excitation

I
-

U=constant
s

w

* torque almost
constant over
speed range

* least flexible
control
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Compound excitation

B
-

+ additional field
winding controls
speed at low loads
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SIEMENS

DC-motor with separate excitation—armature circuit lngenuity for Uife
Armature
L, / current circuit
® Carbon : .
di + brush Field winding
Ua= EMF+la*Ra+ La*—
dt
EMF = const. *®* n
. U,
EMF= ElectroMotive Force [V]
@ = Magnetic flux [Vs], [Weber]
n = Speed [rpm]
v T If
[ - Uf +

— 2 — i
U, xl,=ExIl,+R,x1,2 E=U,-Ugyr Ugpe=w xix @
Armature copper losses  Angular speed

Mechanical shaft power la=U.-U
- ~a——FEMF

Electrical terminal power Ra Siemens DI MC

2020-07-03



Speed control range of the separately excited DC machine

Armature
voltage

Field current
&

Torque
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TAU =la"Ra

dependant on the loa|

EMF

o]

M*n

a550

! 1 *
K M~ 1p* | Fieig

Armature control range =
constant torque and raising power

Nnom : Npax

Field control range =
falling torque and constant power
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The family of Siemens DC-drives

SIMOREG
6RA21 —
analogue DC-
converters

ok e ' A=
I

AR E

SIMOREG 6RA22 — first
digital DC-converters, with

options for communication
(SINEC L1/SINEC L2

Restricted © Siemens AG 2018. All rights reserved.
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SIMOREG
6RA23/24 — second
generation of digital
DC-converters,
already providing
Profibus
communications

SIMOREG 6RA70 —
third generation of
digital DC-converters,
using
connector/binector
(BICO)-technology for
flexible programming
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SIEMENS

SINAMICS

SINAMICS DCM
6RA80 — fourth
generation of digital
DC-converters, fully
integrated into
SINAMICS world of
drives
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SIEMENS
AC-generator lngenuity for Life

Extending the principle of a DC-generator to 3-coils, placed

at 120 degree, the 3-phase alternating current is generated
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Single / multi-quadrant operation

Clockwise

Braking

SIEMENS
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Single quadrant drive Multi-quadrant drive (4Q):
Clockwise (1Q): Q1and Q2 or Q3 and Q4
Driving Q1orQ3 B6(A)B6(C)-bridge
B6C-bridge
Q1 SfpEEd L1 L2 L3 L1121L3

+M

v

Counterclockwise
Driving
Anode
i I 1\ZUnden
A
& -
V% | B
Gate
Kathode
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C

D

Counterclockwise

Flow of energy

Upc max = 1-35 * Ugypp1y €.9. with an ohmic load

Fl f
Upnax motor (1Q 0peration) = Ug, ., * 1.2 ow of energy

Upnax motor (4Q operation) = Ug,,, * 1.05 = 400V * 1.05 = 420V
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Voltage and current range of SINAMICS DCM SIEMENS
6RA80 lngenuity for Life

15-30A 60-280A 400-600A 720-850A 950-1200A 1500-3000A

Rated connection voltage 50/60 Hz

- Arma-ture| 400V / 480V 400V / 480V / 575V 400V / 480V/ 400V / 480V/ 400V / 480V / 575V /
3AC 3AC 575V / 690V 575V / 690V / 830V 690V / 830V / 950V
3AC 3AC 3AC

Rated current

- Arma-ture 15A, 60A - 125A, 400A - 600A 720A - 850A 950A - 1200A 1600 - 3000A
30A 210A - 280A
- Field 3A (325V/375V=) 10A (325V/375V=) 25A (325V/375V=) 30A (325V/375V=) 40A (375V=) 40A (375V=)
5A (325V/375V=) 15A (325V/375V=)
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SIEMENS
Control units (CUD) Ingenuity for Uife

= Standard CUD: Basic functions for regulation + free function blocks + DCC
= Advanced CUD: Basic functions + DRIVE-CLIiQ and option Slot + DCC

=Or any combination there-off

Standard CUD Advanced CUD
Restricted © Siemens AG 2018. All rights reserved.
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SIEMENS
CUD Advanced Ingenuity for Life

2 DRIVE-CLIQ ports for MMC Flash Card

communicationwith further = e for software and for user
drive components: R o | £ parameter assignment
Terminal module, sensor | - s

module

4 three-color status LEDs

Option board connection: For
extended communicationsvia
Profinet or SINAMICS link
using CBE20

4 digital inputs

4 bidirectional DI/DO

4 digital outputs

2 analog inputs + 10V /
+ 20mA

5 analog inputs + 10V

2 analog outputs ¥+ 10V

1 pulse encoder input

HTL / TTL
1 temp. sensor input

Parallel connection interface
for communication CUD to
CuD

Parallel connection interface
for parallel connection of
multiple power modules

RS232/485 PPl interface

PROFIBUS DP RRRGEMN g
for AOP30; hyperterminal

Interface

Restricted © Siemens AG 2018. All rights reserved.
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SIEMENS

CUD Advanced with extensions lngenuity for Life

DriveCliqg-cable

[

TM15

Each TM31 terminal module is equipped with:

- 8 isolated digital inputs

- 4 bidirectional digital inputs/outputs

- 2 relay outputs (change-over contacts)
-2 analog inputs = 10V / = 20mA

- 2 analog outputs = 10V / &= 20mA

- 1 temperature sensor input PTC / KTY

IRTE = Isochronous Real Time Ethemet Each TM15 terminal module is equipped with:
Restricted © Siemens AG 2018. All rights reserved.
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SIEMENS

Modular extensions Ingenuity for Uife

SIEMENS

AOP30

CBE20 SMC30 CU320-2

Restricted © Siemens AG 2018. All rights reserved.
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Connecting cables

DRIVE-CLiQ cables

" Standard within the cabinet
“ MOTION-CONNECT 500

“ MOTION-CONNECT 800

Encoder cable
® SMC30 -encoder: HTL,TTL

HTL with A+/A- ..

Restricted © Siemens AG 2018. All rights reserved.
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70 m
100 m
50 m

100 m
300 m
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SIEMENS
Field power module lngenuity for lfe

Standard

» 1Q field with integral free-wheeling circuit (3 — 40A)

Optional:

= without field — option code L10 - (available from 60A (1,))

» 1Q field: integral 85A field available (only for 1500A-3000A devices)
» 2Q field (field polarity reversal)

Restricted © Siemens AG 2018. All rights reserved.
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SIEMENS
Memory card Ingenuity for life

The memory card allows the user to:
= Load additional languages (French, Spanish, Italian) to the Advanced Operator Panel AOP30.
= Record a long-term trace .
= Perform a firmware update.

= Perform an update of the DCC (Drive Control Chart) database.

Restricted © Siemens AG 2018. All rights reserved.
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SIEMENS

Overview of main options lngenuity for life
= Standard CUD left / right Standard / G10
= Advanced CUD left / right GO0 / G11
= CBE20 PROFINET left / right G20/ G21
= Memory card left / right S01/S02
* Field power module 2Q L11
= Without field power module L10
= 85-A field power module L85
= Fan for 1-phase connection L21
= 24V electronic power supply (for DC converter) LO5
= Armature circuit feed at extra-low voltage (10V to 50V) LO4
= Coated PCBs MO8
= Copper busbars nickel-plated M10
= External sensor for average ambient / intake air temperature L15

2020-07-03 Siemens DI MC



SIEMENS

Selection and commissioning lngenuity for Life

Drives Technology Configurator

SI E M ENS £ Additional actions ' List of products ) Support & Language
fuau\ul'fyfor Ufe

# | SINAMICS DCM

6 RASO- i Z-OA O 4 on request on request on request on request on request

List price Your price Standard delivery time Weight Product lifecycle

. The configuration is not complete, please set all orange values. _
Tech.Data Options KB version: 53.7

Net data
Load class vld i
Nominal Voltage (armature) 10= =950V ai
Net frequency (@) 50Hz( ) 60 Hz =
motor data
Rated DC voltage armature [ v|d i
Rated DC current armature (Basic load) 0= | =3000 A =
Rated DC voltage field 0< =390V «l
Rated DC current field 0= =85 A s |
inverter data
Design P |
Installation altitude above sea level 1000 m LV |
Operational ambient temperature 40°C v
Mode of operation wvid

Restricted © Siemens AG 2018. All rights reserved.
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SIEMENS

Data sheets/dimension drawings lngenuity for life

SIEMENS —— —T— : ; —

L
A
| g au BES
1 =] 216, 268 ,—za—.r_m_
.
MLFE-Ordering data: GRABOBT-6FVE2-0AAD-Z <,.-—— =
GO0 b ]
- i ™ 1
Clent arde: no.:
n!i_:ﬂ"".""l'. no.: o 5 .
: Project: - I’ = 1 B
Remnarks: i
Rated data: | | Accessories: =
IKLE20-1ABO2 Switch-disconnect
Armature: FEEER ]
IMEZIZE-E Fuse Far re AL B ° = 2!
Rated supply voltage armature £ % : L !
480 W GRX1200-40K11 - Commutating choke for anmature =
°
Rated OC voltage S0y o |.]e ] L
. . i .
Rated input current anmature 706 A °
Rated DC current BSOA °
Field: !
| ol oo E
Fiedd power unit i At [0 O JP ..
nit 1} (standand) I a3l 30 | 1]
g 40 143 745 |0
Rated supply voltage field IAC 480N u 1]
T 1605 a0
Rated DC current S 2033 ]
30 A -
Converter:
Mode of operation
Four-guadrant cperation E
Rated power 425 kW W ) =] ‘up rs.
Power boss . a@
e 2567 W CRABIET-BFVEZ-OAADZ | Dimensional drawing L
of Drotection oo = o
Degree of protection P00 o Maflzeichnung
- - Yot
Installation altitude 1000 ™ Special design: Timpe b [ el |
. e B EEEIED T A3
Eimensdnneibl il b 700 % 268 % 3111 mm Humones iy SDEMENS e - " = :Lﬁ:gg d
Weight appro. o ©Slemens AG ET i 11
e 2 ] b | 5 I [ 7 []
[ A [ v
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SIEMENS
SINAMICS STARTER Ingemaity for Gfe

Powerful, menu-guided and graphically supported commissioning tool 1G5y |8 - [Eversemins -] A Sfreadana 13|

B Expert st |

" " T y . pra— e |@ Param... |Data Parameter text Unn Modifiable to |A

- £ : A ~lax]al ] au A al la

I 2= e e % Xe|| - % |% 0| x| =EHE | Drive operating display [[128] 012.9 Operating... | 1

|BOP operating display selection, Parameter number |50000 Operation 2

BOP operating display mode 141 p00OS | Operation 3

x |Drive commissioning parameter fiter 10) Ready | Readytorun |1

= &) DCM _test y [BOP user-gefined st [0 Operation 3

1 Insert single drive unit Configuration - SINAMICS_DCM - Option module [Macro arive object ‘C [ Commasionii. |1

=flls SINAMICS DCM [N A vou using an oplion module (option board)? T eRE LE &

#) Configure drive unit ricpBities CO: Actual speed smoothed [o0 2

3 DAl é - |Speed actual value rpm smoothed 0.0 2

. A CO: Absolute actual current smoothed 0.00 2

5 ); gz;ulrzzgmatmn [lPowerun ﬂ . et et o " | [Actual torque smoothed 0.00 2

B Control Unit W 1 PZD interface 1 I[gg]m = = | |co: Active power actual value smoothed |0.00 2

e [, i tor brake D|DIGJ 7.'7| J | ‘ | E Xe| % @ H 3|63 J CO: Motor temperature 0.0 2

- InpArapar componants (JEncode FZD interface 2 |(99] A |~ |Display values smoothing time constant [1.00 Operation 2

B Documentstion P 5 | [Co/BO;: Missing enable signal [FETFIFTFH 1
-7 SINAMICS LIBRARIES ]

0] MONITOR Sy |
&8 DM test Configuration - SINAMICS_DCM - Motor data -] »|=@| 8|8

® Insert single drive unit
= fls SINAMICS_ DCM - e oot : | B>

w0 Drive: Drive_1, DDS 0, MDS 0
#) Configure drive unit ~ agiam |
i v )
> Ovenview A Povset unit Device adaptations and motor data
ﬂ ﬂ - » Communication e — SEP353EMCO01.168[1] Absolute curent actual value, Smoothed with
B— S Topology oreore ¥ Paramete] Parameter text | vaiue | unit | S3EMCODT 15 "
+1- 1 Control_Unit Mot PE007610] | Device rated direct current reduction, Arm|100.0 /a
DL il e snanis []Encode p50076(1] | Device rated direct current reduction, Fiek| 100.0 / :
iy Dp 5 2 i pecifications for the P fp50078{0] | Supply voltage rated value, Armature 1U1//400 __|Virms £} - S st o . v o ok B VSR 5008 Amagiuae fiiog
Note: ' e & paranm p50078{1] | Supply voltage rated value, Field 3U1/3W1| 400 Vrms
The EBE20 has bean sutoma -0 ?“‘“"“"“’"“” () Summa p50100(0] | Motor rated armature current 00 A
been entered. #-_] SINAMICS LIBRARIES pS50101[0] [Motor rated armature voltage [400 v
. #-_] MONITOR p50102{0] | Motor rated excitation current 0.00 A
x‘rﬁ‘l:eﬂffxfg” of the CBE2 p50103{0] | Minimum motor exctation current 000 |A
: pS0114{0] | Motor thermal time constant 600 B

With the selection of CBE20, t
interface 1 is switched to PROF
used for the parameterization o

exchange on interface 2. ﬂ

iR S

The motar data must be entered completely

™ Speed-dependent curent limitation

Note; 4 deselection of the optional data ressts this data

¢Back [ New> | Cencel Help
2020-07-03 Siemens DI MC




SIEMENS

Free functions and DCC (Drive Control Chart) lngenuity for bfe
Free functions blocks DCC (Drive Control Chart)
. About 50 free function blocks ( e.g. AND, OR, + DCC is a graphical programming tool with block libraries
ADD, MUL, Limit-monitors and others) for configuring your own technology functions
«  no license required (unlike 6RA70 with option S00) * SINAMICS DCC comprises the graphical configuring tool
. each block can be used only once (DCC Editor) and the standard library.(floating license required)

« Standard library can be expanded with specialised libraries

* Multi-instance blocks/customized parameters

o 4000 "5 adoa 2

[ 1
pzo:gE 'gggg\ e, O BN 14w 1 oy L EES Ili 100t n. R X
AND 0 RTG s
1. oean ADD {0 inputs I gl
u20032 (9995} s - -
T = X0 o | 3 (8 -
AMND 0 inputs o 1 v ADD 0 oulput ¥ 5 4
] - x| {+ r20035 iy P — b
) 1 H AND 0 output @ | L& ] =i
] o] &
= 13 - : N .- . ; - .
1 e A o mm g y— - ok =}
ADD 0 RunSeq B o LR T 51 1 ® mekR L=
0. 32000 e —
AND O RunSeg pIOCAT (210] b
no oSN s -
: % o % —: LA
LIMO e it || —————
ey LYy -
LiM @ RTG S|
5..9989
20234 (2999)
i LA b e LA L 1. T P— . Lo
LT ngarix 340 2BZISEI6 . I40 TTIDESE o101 FIFE LT e ayioLl_ N *
p2027H p202268 (00000} - . LIM 0 output ¥ Ty - —r | + ¥ |
[ S {r20231 b . et ' e | ey
Lidd O bower fim LL m aL Ll 0 QL fro= - —— - s =
340.28235E36 .. 340.23235:35}—';- ------ r20233 iST ey | +
|f|- . - a= - L —_— '..".J Y
p20230 [0.0000, | 13 5 Tt
LIM T RunSeq i b | -
0. 32000 = ; - = i
p20235 (840} e i Ot o P —
e e e - .__.____—_. T
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SIEMENS

Functional safety with SINAMICS DCM lngenuity for life
without ,Functional Safety” (no STO) with ,Functional Safety” (with STO/SS1)

Jumper in terminal X200/1:2 Jumper in terminal X200/1:2 removed

» higher ,Safety-Level”
* no second switching element
= |ess space requirement

= |ess cost

IEC 13849 IEC 61508

PL* SIL**

N FLe 2|1 BIL3 2 Power conductor o SLa Power conductor
PL d SIL 2 devices up to 850A 2 ° devices up to 850 A

PL d SIL 2
PLc
SIL 1 PLc
PLb ; ; SIL 1 Ci it b k
Circuit breaker PLb ircuit breaker
AL devices > 850 A 1 —_ devices > 850 A
Shutdown via 2 separate channels
Restricted © Siemens AG 2018. All rights reserved. + Shutdown channel 1: through the armature line

2020-07-03 e Shutdown channel 2: STO shutdown channel of the Siemens DI MC



12-pulse and parallel connections

< N
< h

* Low harmonics loading
* Low level of DC-ripple

2020-07-03
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SINAMICS

6RA80
De.V|ce 1

SINAMICS

6RA80
Device 2

N—

SINAMICS

6RA80
other devices

-

» Up to 6 devices for rated currents up to 18000A

» Achieving redundant configurations

Siemens DI MC



Alternative Applications

Charging & Discharging Batteries

]
@ @ 6 @ ® ®
L S—= Yy
Uy & P +
N—=— oem ||y, —T— @
‘\ —1 /'
D1
® | f ‘

4
7

Restricted © Siemens AG 2018. All rights reserved.
2020-07-03

Cable
protection fuses

SIEMENS
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Resistive heating (e.g.paint drying) Electrolytic application (e.g. electro-coating)

Isolating measuring
amiplifier

e
Ly
= LY
F lpe
------ Loy el oo [
1 arfay A

[ st S e T b S
¢=cm Al i :
1O . 240V | 3ROV 1b'.\-_| W Electronics i Lw
B4 it sopilin LA LY
ar 24V mith ops P o supply : T __‘ ________ AEres
| peM | | e *E‘
A
_I T

u—e—
N —

Hotige:
Ensure a clockwise

rotating field
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SIEMENS
Other applications Ingenuity for Uife

SINAMICS DCH
Ganeratarfeld | Generalor Field

« Supply to controlled direct voltage busbars

» Operation of electromagnets in crane applications ]
« Excitation of large DC-motors or synchronous generators i ﬂ [[J %
« DC-link supply of large pulse-controlled converter systems L _®_
SR = I y
:.:r.' I ! | I“ ":[: |
g ! i
1 1

T e G
er-)
4
SINAMICS DCh
Motarfald | Motor Field
) g

|
38 Fasr-o-aa) BT
1
& S L}
35
4 24
12 Eme'fan i DimdTHIT
15 Frsgahs | Esabie
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SIEMENS
Thank you for your attention lngesnuity for life

Falko Horsch
Falko.Horsch@siemens.com

+61 427 152 758
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