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Associated wiring manual: 6SC6501-0BA00
This Instruction Manual is also available in the following languages:

French Order No.: 65C6501-0AA77
italian 6SC6501-0AA72

CAUTION

The boards contain components which are sensitive to electrostatic
discharge. The human body must be electrically discharged before an
electronic board is touched. This can be simply done by touching a
conductive, grounded object immediately beforehand (e.g. bare metal
cubicle components, socket outlet protective conductor contact).
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If turther information is required or if special problems occur which are
4 not described in enough detail for your particular application, please
| contact your local Siemens office.
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Safety Information

Hazardous voltages are present in this electrical equipment duning
operation.

Non-observance of the safety instructions can result in severe
personal injury or property damage.

Only qualified personnel should work on or around the equipment
after first becoming thoroughly familiar with all warning and satety
notices and maintenance procedures contained herein.

The successful and safe operation of this equipment is dependent on
proper handling, installation, operation and maintenance.

Definitions
¢ Qualified personnel
For the purpose of this Instruction Manual and product labels, a "Qualified person” is
someone who is familiar with the installation, construction and operation of the equipment
e, and the hazards involved. He or she must have the following qualifications:
s 1. Trained and authorized to energize, de-energize, clear, ground and tag circuits and
equipment in accordance with established safety procedures.
2. Trained in the proper care and use of protective equipment in accordance with
established safety procedures.
3. Trained in rendering first aid
e DANGER
For the purpose of this Instruction Manual and product labels, "Danger” indicates death,
severe personal injury or substantial property damage will resuit if proper precautions are
not taken. |
e WARNING
For the purpose of this Instruction Manual and product labels, "Warning” indicates death,
severe personal injury or substantial property damage can result if proper precautions are
not taken.
¢ CAUTION
For the purpose of this Instruction Manual and product {ables, "Caution” indicates minor
personal injury or property damage can result if proper precautions are not taken.
e NOTE
For the purpose of this Instruction Manual. "Note™ indicates information about the product
or the respective part of the Instruction Manual which is essential to highhght.
N
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08.91 1 Product description
1.1 Application

1

Product description

1.1

Application

SIMODRIVE 650 transistor PWM inverters are used together with 1PH5/6 AC induction motors
for machine tool main spindie drives.

They control the drive speed in 4-quadrant operation and fulfill the highest demands regarding
dynamic control performance.

1.2 Mode of operation

The open-loop and closed-loop control of the AC main spindie drive is digital. It consists of the
closed-loop speed controller with ramp-function generator and stored field weakening
characteristic as well as a secondary torque control loop and the open-loop control system for
the inverter and the sequence control.

The open-loop control system receives a torque-proportional signal. Together with the inverter,
it .. ecisely generates the frequency, amplitude and phase of the motor voltage to provide the
demanded torque and magnetic field taking into account the torque and field imits {field-
oriented operation). Thus, the induction motor can be controlled just like a DC motor with

armature control and field weakening (Transvektor closed-loop control).

The inverter output voltages are PWM modulated with sinusoidal arithmetic average values
corresponding to an AC three-phase voltage.

An encoder mounted on the motor shaft is used to sense the actual speed.

The main spindle drive inverter is supplied with 600 V DC (closed-loop voltage control with
secondary current closed-loop control), generated by a 6-pulse thyristor converter and a
transistor controller {step-up controller). For regenerative braking, the thyrnistor converter firing
angle is set to 150° and the transistor controller injects PWM modulated energy back into the

supply system, overcoming the inverter voltage of the thyristor bridge.

o Siemens AG 1989 All Rights Reserved  6SC 6501-0AA76 1-1
SIMODRIVE 650 (BE)
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1.3 Technical 03t

1.3 Technical data
Supply voltage 3-ph. AC 280 V. - 10 o/, *)/ + 15 %o
Rated frequency 50/60 HZ
Output voitage 3-ph. AC 430
Output current 20A to 200A, depending On the inverter
module used (refer 1O Table 1.1)
Output frequency 0 to 300 Hz
Efficiency at -ated operation approx. 97 %
500 V DC
8 kHz

variable up 10 1.

DC link voltage
Refer to Fig. 1.1

Pulse frequency
pPower 0SS

Permissibie outp
temperature

perature _o5°C to +85 °C
Forced cooling

The specified |
instailation altitudes up 1

Permissibi© storage tem

Cooling type
Installation altitude

oading values refer 10

level. FOr installation altitudes exce

1000 m, the loading values must be re
in accordance with the diagram below.

““t“l'l

IIIH”“"

o 1000 m above Sea
eding
duced

Load [%]
100
80
60
40

20

0

0 1000 2000 3000 4000
Installation aititude (m}
Fig. 1.1 Derating for installabon aintudes
> 1000 m above sed jevel

the nternal

0 specifies th at
> of the

") DIN VDE 016
ge can dip by 20%

voitage waveform.
For a supply voltage ©
1 ms every 3.3 ms.

f g0% of the rated voitage. the supply volta

o Siemens AG 1989 All Rights Reserved
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peak value for
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1.3 Technical data

6SC6502 | 6SC6503 | 6SCE504 | 6SC6506 | 6S5CE508 | 6SCE512 | 65C6520

Input current

- at rated voltage
- at undervoltage

72 A
B2 A

85 A

Output current

Apparent output power 60 kVA

Max. power 0SS 1500 W

2x45 A
(2xB63A)

Input fusing

70 kg

Weight, approx.

Table 1.1 PWM inverter data

The following minimum values must be maintained when selecting a matching transformer:

PWM inverter 6SC6502 | 65C6503 | 65C6504 | 6SC6506 | 6S5C6508 | 6SCB512 | 6SCE520
S¢ranstormer MIN. 14 kVA 21 kVA 28 kVA 41 kVA 55 kVA 82 kVA 136 kVA

Table 1.2 Minimum values of the matching transformer

3 % 3 % 3 Y%

Uy max.

‘Y From version A onwards

=) 120 A for duty type S1 (continuous duty)
140 A for duty type S6-60% (10 mn. cycle duration)
150 A for duty type S6-40% (10 min. cycle duration)

o Siemens AG 1989 All Rights Reserved
SIMODRIVE 650 (BE)

6SC 6501-0AA76
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08.91 1 Product description
1.4 Options

1.4 Options

A73  C-axis feed control
In this mode. the main spindle motor i1s controlled in the lower speed range (3pprox.
0.01 up to 300 RPM) like a feed motor. A high-resolution speed actual value sensing 1S
necessary on the motor.
Option: Tandem encoder 1024/18000 pulses/revolution.
Positioning using a numencal control with this equipment is then possible to approx.
+0.01° This value is dependent on the machine tool as well as the higher-level
position control loop.

A74  Spindle positioning (without NC)
Accurate main spindle positioning and position holding is necessary for tool changing
and workpiece measurement. If this function is not available in the CNC control, it can
be realized with the required accuracy of 0.1 ° in various positions from the position
control foop, using the "spindle positioning™ option. The position sensing can be
realized using an encoder mounted on the spindle or from an encoder in the motor
with external zero mark (e.g. Bero proximity switch).
Position setpoint input is realized using the standard parameter input or externally
through a 16-bit parallel intertace.
Two positions with different K, factors can be selected. One of these positions can be
approached from 4 gearbox stages.

A75 Feed closed-loop control for C axis and spindle positioning
Both options (A73 and A74) are located on a PC board.

E45  External heat dissipation
With this equipment, the cooling air circuit for the inverter module is separated from
the inside of the machine tool cubicle for 6SC6504, 6SC6506, 6SC6508, 6SC6512 and
6SCBE520 converters. The inverter module heat loss must, in this case, not be taken
into account when calculating the heat dissipating measures for the cubicle.
Further, the cooling air is filtered. The incorporated standard filter element filters-out
particles having a diameter >5 pm.

Es5  Connecting flange for option E45
The equipment consists of connecting flanges on the cooling air circuit for the inverter
module of units 6SC6504, 65C6506, 6SCBE508 and 6SCE512. This allows the inverter
module heat loss to be dissipated through a separate cooling air circuit at the
installation.
6SC6520 units are always supphed with a connecting flange.

o Siemens AG 1989 All Rights Reserved 6SC 6501-0AA76 1-5
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2 Installation

2.1 Mounting

The PWM inverters are designed for vertical mounting in cubicles or machine racks. They
should be mounted with the supply and motor connections towards the bottom.

The mounting dimensions and position of the retaining points should be taken from the
dimension drawings.

It should be ensured that the cooling air intake and discharge are not restricted; a free space
of 100 mm must be available above and below the units. The units should be mounted so that
they are protected from conductive dust deposits and vapors.

2.2 Connecting-up

The units should be connected-up according to the connecting diagram. Setpoint and actual
value cables should be screened and routed separately from the load connecting cables and
contactor control cables. The screen conductors should be directly connected to the umt
grounding bar. The control cables for the input output board should be routed separately from
the contactor control cables.

A grounded supply must be used. SIMODRIVE units must not be connected to supplies with
ELCBs. It should be ensured that the supply and the connection between the PWM inverter
and motor has a clockwise phase sequence. The motor cables should be twisted with the
ground cable, or a 4-core cable with ground conductor should be used. The ground cables of
the supply and motor feeder must be connected together at the grounding bar or at the
grounding stud of the equipment. Electronic component faults in the installation can occur If

the motor is nat correctly grounded.

A contactor must be installed between the AC motor and PWM converter if the user
requires electrical isolation between the AC motor and the voltage source for safety

reasons.

The control must be designed so that this contactor is only switched under a zero-
current condition i.e. at pulse inhibit (terminal 63 not energized). Further, terminal 63
should be additionally interlocked with an auxiliary contact of the auxiliary contactor.

A delayed-dropout contactor should be used as auxiliary contactor so that the buffer
time of the PWM inverter is bridged even when the supply fails. The auxiliary contactor
must bridge the maximum response time of terminal 63 (pulse enable) of 40 ms. For a
DC-operated contactor (3TB4.17-0B), this can be achieved by using a free-wheeling
diode (3TX6406-0H) for the contactor coil.

A 16-core screened cabie must be used to connect the motor encoder to the inverter (Section
2.2.1). The encoder cable screen must be connected with the electronics ground at the
grounding bar after the insulation has been removed. In order to prevent a ground current loop,
the encoder cable screen must not be connected to the motor connector housing. The screen
must be connected to pin H of the connector. Thus. the internal screen of the encoder
electronics is connected with the encoder cable screen. and thus with the electronics ground.
The NC PWM inverter connection to ground should be as short as possible (mimmum cable
cross-section. 10 mm2). The electronics ground 1s connected to PE (housing) in order to
provide the shortest possible path for the capacitive current between the inverter module and
electronics to PE. The connection is provided on the rear-panel wiring between connector X1
and the housing (Figs. 6.1a, 6.2c. 6.3C. 6.4C).

o Siemens AG 1983 Al Rights Reserved 6SC 6501-0AATH 2-1
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08.91

2 Instaiiation
2 2 Cornecting-uc

f the complete electrical equipment of a machine tool 1S subject 10 a high-voltage test, then 1t
f this 1s not done, the

s absolutely essentidl that all SIMODRIVE connections are removed.

olectrical and electronic unit components could be destroyed.
n order to ensure a reliable ground

In operation. the COVers nust be firmly screwed nto place

connection.
The encoder cable hetween the motor an

d PWM inverter iS available as pre-assembled cable.

5> Siemens AG
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08.91 2 Installation
2.2.1 Motor-PWM inverter connecting cable

2.2.1 Motor-PWM inverter connecting cable

Connector at the SIMODRIVE 650 unit Connector at the 1PH5/6 motor
Ut-X131
° ¢ 1
® : 2 Order No. (machine readable order
¢ o 2 designation):
@
e ® | S Connector 6ZY1075-0AA00
0?0 Cable entry 6ZY1076-0AA00
® ® 17 Mounting plate 6SYA9070
e 8 Latch 6SY9071

i shinr AHFE NS AN S

i 1 Sensor
!

M (0 V)
P ' : NTC

'l . thermistor
|
NTC
j | | | l'hel'mISIOI'
!

M (0 V)

I - | 1
L - \ !

T Twisted par
N

= H
15-pole
submimiature Screen connection on the PWM inverter: 17-pn Tuchel
socket Strip outer insulation at screen bar and connect screen 10 socket connector
screen bar (using strain-retief clamp) or connect screen cable
PWM inverter to screen Har. AC motor

Encoder cable 8 x 2 x0.18 mm? screened, with twisted pairs
with connectors Order No. 6FC9348-0A.
By the meter. without conneclor Order No. 6FC9343-0AA

F1g. 2.1 Encoder cable conneclion

© Siemens AG 1989 All Rights Reserved 65C6501-0AA76 2-3
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2 Instaliation 08.91
5 2 1 Motor-PWM mnvener connecling cable

222 Terminals

' Board Terminal | .l

connector, ﬂ:jmrw | Signal leve: *7) Funcucn Type Descrnption

| PN o |

—_ —— ———————'—‘r"—"l‘__———_——— I
Ut- X111 1 56 Ny 1 (F) | Speed setpoint |

X111 .2 14 Negr s (=) | {(+/-10 Vo) |

X1113 15 . M O Ground

X111.4 24 | Near 2 (+) | Speed setpoint 2 1

X1115 8 Negr 2 =) | (+/ - 10 Volt)

X111.6 67 - nassigned

S

X111.7 75 10V = Npnax In,oy| display O Analcg (DA conv. 1)

T X111.8 ; (P-29) l Reference potentidl O | output (DA conv. 1) 4
X111.9 16 10V = Mymax | IMamaxi- ©f P x| QISP O tor connecting  {D/A conv. 2)

* X111.10 77 (P-39, etC.) | Reference gotental O a meter- refer (D/A conv. 2]
X111.11 | 18 sy = P P 0 |to Secton 3.3 (DA conv. 3)
X111.12 7 nMotor | Reference potential 0 (DA conv. 3) |

47 +10 V P10 O |
Reference voitages for speed
69 . M J setpoint iInput {Max 10 MA) *
46 -10V N10 O | .
Ut- X121.1 9 P24 Ex / 100 mA O The auxhary voitage 1s defnveo

X121.2 19 M24 Ex o4 | trom the DC link voltage, and is
lhus only avaiable after the DC
link has been charged.

X121.3 63 Pulse enable | If P24 15 withdrawn from term. 63,
pulses are nhibited (drive coasts
down)

X121.4 64 Controller enable 1 When P24 1s applied to terminal ‘
64, the pulses for the power ,
ransistors and the controller are
enabled. The drive 15 brought 10 ‘
stardstll with the selected ramp-
down tme (P-17) when P24 1s |
removed (L. signal).

X121.5 81 Ramp-function generator, l 1§ P24 1s withdrawn from terminal

fast stop 81, N 4 IS immediately set to zero.

X121.6 62 Tiamp = 0 | The ramp-function generator 1s
bypassed when P24 15 appled 10
terminal 62.

X121.7 111 Torque imiting | | Additional torque imiting 1S o

; mbated when term. 11118
activated.

X121.8 60 Oscillation | An oscillating setpomnt 1s injected
for gear changing. |

X1219 117 Gearstage presetection ll l The controller parameters elC. are

X121.10 | *) 118 changed over via these terminais.

X121.11 | *) 119 !

X121.12 | *) 158 Torgue control | Torque control 15 selected instead

| of speed control when terminal
158 1s activated.
X12113 [ ") R Reset I Remote acknowledgement

For a +24 V ( =High) input voltage, the control inputs have a current drain of 12 mA per
terminal.

) Refer to Sectron 3 3.14 for multi-function Inputs
-y HE+18VIO+30V. L60VIO +2 V

L Il“”'|
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G8.91 2 Installaton
2.2.1 Motor-PWM inverter connecting cable

2.2.3 Relay functions

Board Terminal | SWitching voltage - .
connector, pin number ontact unction

Relay n,.; < n,. The relay drops-out when n,., > n,.
This can be selected via P-23 to P-26 (dependent on
the gearbox stage, n RPM).

This relay can be optionaily changed-over to other
functions

(refer to P-53 and P-185 to P-189)

Reilay motor overtemperature alert (motor). The |
relay drops-out when an overtemperature condition
occurs or a sensor fails. It can be selected via P-63
(°C). The dnve 1s shutdown approx. 4 minutes later.

Relay M4 > My,. The relay drops-out when M, > Mg,
The setting via P-47 is referred to the actual torque

hmiting and 1S suppressed for ng,, changes.

Relay Ngaq = N,y The relay pulis-in when ng,, =
n,.., within the tolerance band selected via P-27.
Load-induced speed fluctuations do no influence the

relay.

Ready/fault relay
Can be preseiected via P-53
refer to Section 3.3.9 for explanations

Relay n,.1 < Nmin. The relay pulis-in when n,., <
N Can be selected via P-21.

Table 2.1. Connector pin assignment of the GO2 central board (Conductor cross-section: 0.25 - 1.5 mm?<)

The relays drop-out under fault conditions. This must be taken into account when designing
the external matching control.

*y  Terminals 731 and 73.2 are connected together through a 0 (2 resistor.

© Siemens AG 1989 Ail Rights Reserved 6SC6501-0AA76 2-5
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2 installation 08.91
2> 24 Conneclor locations

Rl

22 4 Connector locations

Ut N1 O G0z GO1v  MPC Al

Uyt Vi Wi

il

Post insulators a

iy

Fig. 2.2  Connector iocations for transistor pWM verters 6SC6502 and 6SC6503

Nt S1 Go2 GOl MPC

<Akl

Fig. 2.3  Connector iocations for transisior PWM nverters 6SC6504. 6SC6506 and 6SC6508

U1 ‘O board

- c = X111
N1 = Controller board d = X121
g1 = Option e = X131 and X141
G02 = Central board g = X231
GO01 = Power supply
MPC = Option
A1 = Gating board/inverter module
2-6 2 Semens AG 1989 All Rignts Aeserved  6SC6501-0AAT70
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08.91

2 installiation

2.2.4 Connector locations

e
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it
s
R
. :'E:

b e e A

. aty "';F !.-.-‘ﬂ;-rii:vlt?.';.-l:‘:;‘ll - on
. F F4um | L | - . .-.'I-.l.._.."l"
T e piel SRy PR

(R o

Vi Wi

+1 1+ +11+ +
+] ]+ + + +1 1+

S

G02 GO1 MPC

U2 V2

AR,
)

-q.h'i‘i.-i ‘;
Lo A
-_- H"l

o iy

T

e o e

1]
o
it
¥
)

o205

F13.2.5 Connector locations for transistor PMW interter 6SC6520

Ut = [/O board c = X111

N1 = Controller board d = X121

S1 = Option e = X131 and X141
G02 = Central board g = X231

G01 = Power supply

MPC = Option

A1 = Q@Gating board/inverter module

© Siemens AG 1989 Al Rights Reserved 6SC6501-0AA76
SIMODRIVE 650. {BE)
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08.91 3 Start-up
3.1 Display and control elements

WARNING

Perfect, safe and reliable operation of this equipment is dependent on
proper handling, installation, operation and maintenance.

Non-observance of the safety instructions can result in severe personal
injury or property<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>