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INTRODUCTION 1

1 Introduction

1.1 Absolute encoder

Absolute encoders generate information about position, angle, and rotation counts in
type-specific angular steps. A unique code pattern is assigned to each angular step
for this purpose. The number of code patterns available per revolution determines the
resolution. Each code pattern forms a unique reference, and is therefore an absolute
position. There is therefore no need for a reference run after switching on.

1.2 Singleturn/multiturn

A singleturn encoder measures the absolute position within a revolution. A multiturn
encoder not only provides the position within a revolution, but also the number of
revolutions.

1.3 SSl interface

The SSl interface (SSI = Synchronous Serial Interface) is a communication interface for
absolute encoders that is well established in the market. It was originally developed by
Max Stegmann GmbH (now SICK) and is used for serial data transmission, which allows
absolute positions to be conveyed. The advantage of this method of transmission is
that the controller can set not only the time of recording of the position but also the
speed of data transmission. The interface is thus an ideal way to ensure reliable data
transmission.
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2 SSIINTERFACE

2 SSl interface

21 Features of the SSI interface

e  Physical basis: RS-422 (EIA 422) or RS-485 (EIA 485).

¢  Point-to-point connection: Each absolute encoder with an SSl interface requires a
connection to an SSI master.

e« The data transmission requires four cables (Clock+, Clock-, Data+, Data-).

¢ The signal cables must be twisted in pairs and shielded.

=

Figure 1: Twisted pair signal lines

¢ The SSI master determines the time and speed of the data transmission.

. Baud rates up to 2 MHz are possible (depending on the length of cable).

e Clock and data signals are transmitted and evaluated differentially. This makes
the signals less sensitive to EMC interference.

Complimentary Signals Twisted-Pair-Lines Differential amplifier Noise free
from Encoder (Comparator) Output signal
Datas+ | I
PLC
Data-
ov D_D_l:.
Noisy Signals
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SSI INTERFACE 2

2.2

2.3 Error bits
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Sequence of synchronous serial data transmission

e The position is continuously sensed.

« The SSI master requests the position value from the encoder by sending a clock
sequence to the clock input of the encoder. (The number of clocks depends on the
number of position bits and, if applicable, error bits to be transmitted).

e Atthe first high-low edge (time 1 in the pulse diagram - see figure 2, page 5),
the position value is loaded into the output register.

e Atthe first low-high edge (time 2 - see figure 2, page 5), the most significant bit
of the position value is transmitted to the SSI master.

e Atevery subsequent low-high edge of the clock sequence, the next lower signifi-
cant bit is transmitted.

¢ Once the SSI master has received the least significant bit, it interrupts the clock
sequence (time 3 - see figure 2, page 5).

e  After the time “tm” (time 4 - see figure 2, page 5), new position values are
loaded into the output register inside the encoder.

® @ T ©) @
Clock L 1 | e I 1P
| | tv : tm |
Data serial | '\( § Y—\ l_
. MSB LSB .

Figure 2: Pulse diagram of data transmission

tv Delay time for the clock tv < T/2
MSB Most significant bit
T Duration of the clock signal
LSB Least significant bit
tm Time 15 ys to 25 us
Tp Clock interval
Clock break
(Tp)

551 L

Clock sequence

Clock + —| |—|

Clock sequence

Figure 3: Clock sequences for synchronous serial data transmission - The clock interval is
defined by the SSI master and must always be greater than the time tm

In addition to the position bits to be transferred, so called error bits can be transmitted
at the end of data transmission. These error bits can be used to transmit various error
types from the encoder to the SSI master depending on the absolute encoder product
family. The error bits need to then be evaluated in the SSI master or controller.
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2 SSIINTERFACE

24

2.5

2.6

The Gray code

Absolute encoders with an SSl interface preferentially use the Gray code. The specific
feature of this code is that only one bit changes when transitioning from one position

value to the next.

Table 1: Examples of different codes types

Decimal code Binary code BCD code Gray code
0 0000 00000000 0000
1 0001 00000001 0001
2 0010 00000010 0011
3 0011 00000011 0010
4 0100 00000100 0110
5 0101 00000101 0111
6 0110 00000110 0101
7 0111 00000111 0100
8 1000 00001000 1100
9 1001 00001001 1101
10 1010 00010000 1111
11 1011 00010001 1110
12 1100 00010010 1010
13 1101 00010011 1011
14 1110 00010100 1001
15 1111 00010101 1000

Gray excess code

If a suitable section based on the encoder resolution is extracted from the middle of
the full Gray code, this gives the so-called Gray excess code (capped Gray code). Using
this Gray excess code, it is possible for only a single data bit to change even when the
encoder passes through zero despite using a non-binary step count.

Data formats

The position value can be output in various SSI data formats depending on the abso-
lute encoder product family, e.g., left-aligned, right-aligned, etc. The available data

formats per product family are shown in the following sections.

Additional signals

In addition to transmitting the absolute position via the SSI interface, further generally
incremental signals can be output depending on the product family. These are TTL, HTL
or sin/cos. Details on how to output these signals depending on the product family can

also be found in the following sections.
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SSI INTERFACE 2

2.7 Recommended baud rates for data transmission

The baud rate depends on the length of cable. (The cables must be twisted in pairs and
shielded.)

Length of cable Baud rate

m kHz

<50 <400

<100 <300

<200 <200

< 400 <100

2.8 SSI mode
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The position formation time of the encoder used should also be taken into considera-
tion when selecting the baud rate.

Asynchronous SSI mode:

The position is continuously formed and made available. The time the position is
calculated is not related to the clock frequency of the master.

Synchronous SSI mode:

The position formation occurs synchronously to the clock output of the master, i.e., the
up-to-dateness of the position value is temporally related to the clock of the master.

Clock

Data

Position at
Asyncronous SSI

T 11
[

E—Y

Position at
Syncronous SSI

Ao = ____l

Figure 4: SSI mode
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3 SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES

3 Specific features of the SICK encoder product families

3.1 AHS/AHM36 SSI

Singleturn SSI data format

Clock +

LU YU YU LU L] L sneer
112 |3|4 (5|6 (7|8 |9 |10|11(12]|13 (14|15
Bit 13[12]11]10[ 9|87 6543220 [m]
z & 3
® @

Clock 1-14: Position bits
e LSB: Least significant bit
« MSB: Most significant bit

Clock 15: Error bit
Non-programmable encoder

Non-programmable encoders always output the SSI position MSB-justified (left-justi-
fied).

e 14 bits + 1 error bit are always output (irrespective of the type and resolution
selected)
e«  For resolutions below 14 bits, non-assigned bits are filled with O.

Programmable encoder

¢ By default, programmable encoders output the SSI position MSB-justified (left-jus-
tified).

o Either “binary” or “non-binary” operating mode can be selected to set the resolu-
tion.

o All formats (left-justified and right-justified) can be implemented by shifting the
bits in the programming interface accordingly using the arrow keys.

Error bit

ERROR: General error. This bit is set as soon as an error occurs in the encoder. This bit
remains set as long as the error is present. For non-programmable encoders, the error
bit is always output as the 15th bit. For programmable encoders, it can also be output
in a “fixed” position as the 15th bit, or transmitted “immediately after” the position bit.

The evaluation of the error bit must be implemented in the controller.

The error bit that is output does not have to be used by the controller. If the error
bits cannot be evaluated in the controller, the controller must be set to the encoder
resolution. The error bits must then be masked out on the controller side.
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SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES 3

SSI mode:

Non-programmable encoders operate in asynchronous SSI mode. In the case of pro-
grammable encoders, asynchronous or synchronous SSI mode can be selected in the
programming interface. The default setting selected is asynchronous SSI mode.

Asynchronous SSI mode:

The position is continuously formed every 125 ps and made available. The time the
position is calculated is not related to the clock frequency of the master. In asynchro-
nous SSI mode, the wait time between two clock pulse trains must be constant in
length with a maximum deviation of +/- 20% and must not exceed 600 ms.

When using asynchronous mode, the SSI master must tolerate the same position value
being transmitted twice.

Synchronous SSI mode:

The position formation occurs synchronously to the clock output of the master, i.e., the
up-to-dateness of the position value is temporally related to the clock of the master. The
position formation starts 20 us after the end of the last clock of a clock pulse train and
is then made available after 125 us. A new position is only formed 20 us after the end
of the subsequent clock pulse train. The wait time between two clock pulse trains must
be at least 150 ps.

Programming interface and legend

Programming

@) Binary = x
Operation Steps per revolution | 16384 v | PresetPosition S0
) Non-binary h )

e Bit123456789!.011!.2131‘115>

@ CW (External wire inactive)

©) Gray Q) Fixed (©) Asynchronous
Counting Direction (©) CCW (External Wire inactive)  SSI Code Type Position Error Bit SSI Mode
(©) Binary ©) Directly added @ Synchronous |
(©) External wire active [
|
|
( =, Print ] [ Resetto defauitsettings | w
/|
Figure 5: Operating mode: binary
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3 SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES

Programming

© Binary L
Operation Steps per revolution 1500 | Preset Position 1
(@ Non-binary :

Bit 123456789101112131415
m-- [ |

@ CW (External wire inactive)

©) Gray (@) Fixed @ Asynchronous
Counting Direction () CCW (External Wire inactive)  SSI Code Type Position Error Bit SSI Mode
(@ Binary (©) Directly added (©) Synchronous
(©) External wire active

( = Print ] [ Resetto efauitsettings |

Figure 6: Operating mode: non binary

| -> Error Bit:
In case of error of the device this bit is set.

[ -> Zero Bit:
At lower resolution, the transmission frame is filled with zero bits.
| -> Position Bits:

These bits represent the position value, where the value is either Gray-coded or binary-
coded. The encoding can be configured via the corresponding input element.
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SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES 3

Multiturn SSI data format

Clock +

ﬁ

2 (3415617 (8 10(11]|12(13|14(15|16|17|18(19(20|21|2: 24(25|
24023(22021|20|19(18|17|16]|15[14|13|12| 1110/ 9|8 |7 |6|5]|4[3]| 2|1

N
]

Bit

asw R~ —

Uy UyUUH U UL

HouH3

Multiturn | Singleturn

Clock 1-12: Multiturn position bits

Clock 13-26: Singleturn position bits
e LSB: Least significant bit
¢  MSB: Most significant bit

Clock 27: Error bit
Non-programmable encoder

Non-programmable encoders always output the SSI position MSB-justified (left-justi-
fied).

¢  For non-programmable multiturn encoders, the number of revolutions is set to a
fixed 4,096 (12 bits).

e 26 bits + 1 error bit are always output (irrespective of the type and resolution
selected). For resolutions below 26 bits, non-assigned bits are filled with O.

Programmable encoder

e By default, programmable encoders output the SSI position MSB-justified (left-jus-
tified).

« Either “binary”, “non-binary” or “round axis functionality” operating mode can be
selected to set the resolution.

e« All formats (left and right-justified, 25-bit mode and Tannenbaum format) can be
supported by shifting the bits in the programming interface accordingly using the
arrow keys.

Error bit

ERROR: General error. This bit is set as soon as an error occurs in the encoder. This bit
remains set as long as the error is present. For non-programmable encoders, the error
bit is always output as the 27th bit. For programmable encoders, it can also be output
in a “fixed” position as the 27th bit, or transmitted “immediately after” the position bit.

The evaluation of the error bit must be implemented in the controller.

The error bit that is output does not have to be used by the controller. If the error
bits cannot be evaluated in the controller, the controller must be set to the encoder
resolution. The error bits must then be masked out on the controller side.

8027422/2022-02-08 | SICK TECHNICAL INFORMATION | SSl Interface Description 11
Subject to change without notice



3 SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES
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SSI mode:

Non-programmable encoders operate in asynchronous SSI mode. In the case of pro-
grammable encoders, asynchronous or synchronous SSI mode can be selected in the
programming interface. The default setting selected is asynchronous SSI mode.

Asynchronous SSI mode:

The position is continuously formed every 125 ps and made available. The time the
position is calculated is not related to the clock frequency of the master. In asynchro-
nous SSI mode, the wait time between two clock pulse trains must be constant in
length with a maximum deviation of +/- 20% and must not exceed 600 ms.

When using asynchronous mode, the SSI master must tolerate the same position value
being transmitted twice.

Synchronous SSI mode:

The position formation occurs synchronously to the clock output of the master, i.e., the
up-to-dateness of the position value is temporally related to the clock of the master. The
position formation starts 20 us after the end of the last clock of a clock pulse train and
is then made available after 125 us. A new position is only formed 20 us after the end
of the subsequent clock pulse train. The wait time between two clock pulse trains must
be at least 150 ps.

Round axis functionality

The programmable multiturn encoder supports the gear functions for round axes (end-
less shaft). Here, the number of revolutions is set as a fraction; a total number of steps
is also set. The total number of steps is distributed over the set number of revolutions,
e. g., 100 steps for 12.5 revolutions (see example for the programming interface on the
next page). The round axis functionality can be used to implement a number for the
overall resolution that is not a 2n multiple of the number of steps per revolution. It is
also possible to set a non-integer number both for the number of revolutions and for
the number of steps per revolution.

Programming interface and legend

Programming
@ Binary Steps per revolution 16384 -
Operation Mon-binary ~ Mumber of revolutions | 4096 -
(71 Round Axis  Total measuring range 67103364 Preset Position

u Bt [1]2]3]a[s5]e[7][8]0 10 111213|14|15|1s|1?|1s|13|2c|21|22|23|24|25|26ﬁ .
Frame | | |

@ CW (External wire inactive)

() Gray @) Fixed @ Asynchronous
Counting Direction (7) CCW {External Wire inactive) 551 Code Type Position Error Bit 551 Mode
@) Binary ~) Directly added (7) Synchronous
External wire active
I ‘2 Print | | Reset to default settings |
Figure 7: Operating mode: binary
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Programming

Operation Mode Scaling Parameter

© Binary Steps per revolution | 3000
(@ Non-binary Number of revolutions [ 15]
@) Round Axis Total measuring range | 45000 |  Preset Position 1500

<Clod(1234
Bit

5 |s|7|s |9 |1o|11|12|13|14|1s|1s|17|1s|19|20|21|22|

(©) Encoder wire/pin active

Counting Direction SSI Code Type Position Error Bit SSI Mode
(©) CW (Encoder wire/pin inactive) ©) Gray (©) Fixed @ Asynchronous
@ CCW (Encoder wire/pin inactive) (@) Binary (@) Directly added ©) Synchronous

T —

[ Reset to default settings ]

Figure 8: Operating mode: non binary

Programming

Operation Mode Scaling Parameter

© Binary Number of revolutions Numerator ‘—Sﬂ

= 12.5 Number of revolutions

(©) Non-binary Number of revolutions Denominator \'7 4\
(@ Round Axis Total measuring range \ - 100| =8  Steps per revolution Preset Position ) 1

Clock [1 [2[3]4[5[6[7[8 ]9 [10]11]12]13]1a[15
Bt | [ [ [ T T 1 w

Counting Direction SSI Code Type Position Error Bit SSI Mode
@ CW (Encoder wire/pin inactive) © Gray ©) Fixed (©) Asynchronous
(©) CCW (Encoder wire/pin inactive) @ Binary (@) Directly added (@ Synchronous
(©) Encoder wire/pin active

[ (54 Print ] [ Reset to default settings

Figure 9: Operating mode: round axis

| -> Multi Bits:

These bits contain the number of revolutions.

| -> Single Bits:

In binary operating mode, the multiposition is transmitted separately from the single
position. These bits represent the single position.

| -> Error Bit:

In the event of a device error, this bit is set.

[ -> Zero Bit:

At lower resolution, the transmission frame is filled with zero bits.

| -> Position Bits:

These bits represent the position value, where the value is either Gray-coded or binary-
coded. The encoding can be configured via the corresponding input element.
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3.2

14

AFS/AFM60 SSI

Singleturn SSI data format

- AL AL A AT s

2 (3|4 |56 |7 |8 |9 |10|11(12|13|14|15[16|17
16|15[14|13[12|11(10|9 (8|7 |6|5]|4 3|21

=
©
B
©
N
=}
=S

Bit

asw[g] » —

IsyM3
ONASHME| N

910443

as1|e

Clock 1-18: Position bits
e LSB: Least significant bit
« MSB: Most significant bit

Clock 19-21.: Error bits

e ERRDIG: Speed related error message. If this error occurs during the position
formation procedure, this is indicated by the ERRDIG bit.

e ERRSI: Error at the light source.

¢ ERRSYNC: Contamination of the code disk or the reading system. While determin-
ing the position, an error arose since the last SSI data transmission. The error bit
is cleared during the next data transmission.

The evaluation of the error bits must be implemented in the controller.
The error bits that are output do not have to be used by the controller.

Example

If the absolute value encoder is set to a resolution of 13 bits, then 16 bits are output:
13 data bits and 3 error bits. If the error bits cannot be evaluated in the PLC, the
controller must be set to an encoder resolution of 13 bits. The error bits must then be
masked out on the controller side.

Multiturn SSI data format

30 bits

Clock +

B A A
112 (3 (41516 |7 |8 |9 |10|11]12(13|14|15|16]|17(18(19|20|21 23|24|25 27(28|29|30|31 32 33
G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G G G

Bit 2928|27|26|25|24|23|22]|21|20| 19| 18|17 16] 15| 14| 13| 12| 11| 10| 98| 7| 6| 5 3210§gg

Multiturn | Singleturn g ‘2’ g

Clock 1-12: Multiturn position bits

Clock 13-30: Singleturn position bits

e LSB: Least significant bit

¢  MSB: Most significant bit

Clock 31-33: Error bits

27 Bits

Clock +
Uy Uy U UUTLTLTTUUL
1|2 (3 |4 (5|6 |7 |8 |9 |10[11(12|13|14{15(16|17|18|19|20|21{22|23(24|25(26|27|28 29 30
G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G G|G|G|G G G

Bit 26(25(24[23[22|21|20| 19| 18] 17| 16| 15/14| 13| 12| 11|10/ 98| 7| 6 4 10%%@

Multiturn Singleturn § ﬁ g

Clock 1-12: Multiturn position bits

Clock 13-27: Singleturn position bits

e LSB: Least significant bit

¢  MSB: Most significant bit
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SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES 3

Clock 28-30: Error bits

Error bits

« ERRDIG: Speed related error message. If this error occurs during the position
formation procedure, this is indicated by the ERRDIG bit.

e ERRSI: Error at the light source.

e ERRSYNC: Contamination of the code disk or the reading system. While determin-
ing the position, an error arose since the last SSI data transmission. The error bit
is cleared during the next data transmission.

The evaluation of the error bits must be implemented in the controller.

The error bits that are output do not have to be used by the controller. The multiturn
resolution is fixed at 12 bits.

Example

If the absolute value encoder is set to a resolution of 27 bits, then 30 bits are output:
27 data bits and 3 error bits.

If the error bits cannot be evaluated in the controller, the controller must be set to an
encoder resolution of 27 bits. The error bits must then be masked out on the controller

side.

Additional incremental interfaces

Electrical interface sinus 0.5 Vgg

Supply voltage

Output

45..55V

Sine 0.5 Vpp

Signals before difference calculation at 120 Q load and at Ug=5V

‘
‘ .
1
|
/\
]

- |05V

SIN-

Figure 10: Signal diagram for clockwise shaft rotation looking in the direction “A” (shaft)

Interface signals
Sin, Sin-, Cos, Cos-

Signals before difference cal-
culation at 120 Q load

Signal offset

Differential analog

0.5 Vpp £ 20%

2.5V +10%
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Signals after difference calculation at 120 Q load and at Us =5V

COS+ ... COS-

SIN+ ... SIN-

Figure 11: Signal diagram for clockwise shaft rotation looking in the direction “A” (shaft)

Electrical interfaces TTL / HTL

[P

(I i
360° el.
|

|
|

v
! Measuring step

|
1

|
|
|
|
|
T
1
!
T
|
|
|
1
1
|
|

|
1
|
|
|
|
|
1
1
|
|
|
|
|
1
|
|

190° el. |
(N
[
Ly
n
i
|
A |
|
|
—_1
I
|
1 |
1
A !
|
1
RN
[
'
| |
| |
B 1 1
1 1
! |
| i
| |
L i
i i
i i
B ! !
| |
i |
1 T
i i

|
|
|
|
|
1
|
I
|
|
|
I
|
|
|
1
1

|
|
|
|
1
|
|
|
|
1
|
I
|
|
|
T
1

Figure 12: Incremental signal outputs for clockwise shaft rotation looking in the direction “A”, see
dimensional drawing
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SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES 3

3.3 AFS/AFM60S Pro

NOTE

@ The AFS/AFMG0S Pro is a safety encoder. The information provided below is only an
extract from the operating instructions. The primary document for commissioning and
use of the AFS/AFMG60S Pro is the operating instructions ( ).

Interfaces

The safety encoder is equipped with an SSI+SinCos interface. The combination of the
synchronous serial interface (SSI) with the sine-shaped analog output (SinCos) makes it
possible to transmit both absolute position data and speed information.

Singleturn SSI data format

Clock +

yyuyuyyuyuyyyyuyy Singleturn

112|3|4|5(6 |7 |89 [10(11|12(13(14|15|16(17 (18 19 20 21

Bit 17(16|15|14(13|12|11(10({9 |8 |7 (6 |5|4(3|2|1 |0 |

= - mmm

@ CEE

o n®n

s 3

o

Figure 13: Process data channel 2, SSI data format singleturn, 18 bits

Bit 1-18: Position bits
e LSB: Least significant bit
« MSB: Most significant bit

Bit 1-21 = HIGH: Send "1"
Bit 19-21.: Error bits

Error bits

o ERRDIG: Speed related error message. If this error occurs during the position
formation procedure, this is indicated by the ERRDIG bit.

e ERRSI: Error at the light source.

¢ ERRSYNC: Contamination of the code disk or the reading system. While determin-
ing the position, an error arose since the last SSI data transmission. The error bit
is cleared during the next data transmission.

An internal monitoring system continuously tests the function of the safety encoder. If
an encoder detects an error, the error status is displayed to the evaluation system by
the SSI channel only outputting "1", whereby the error bits are set.

NOTE
@ The evaluation of at least one error bit must be realized in the control.

If the safety encoder is set to a resolution of 13 bits, 16 bits, 13 data bits and 3 error
bits are output.
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Multiturn SSI data format

Clock +

YUYWL L
112|3(4(5|6(7[8]|9|1011[12[1314|15/16(17|1819(202112223[24[2526|27|28[29[30(31 32 33
G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G|G G G
Bit iAo /olBIA LIS IS 1A [ 1A A A1AAIA1A 515 ot i e 4l 45 540 2 |
Multiturn | Singleturn % % %
=
© 3

Figure 14: Process data channel 2, SSI data format multiturn, 30 bits

Bit 1-30: Position bits
e  Bit 1-12: Multiturn position bits
¢  Bit 13-30: Singleturn position bits

Bit 1-33 = HIGH: Send "1"
Bit 31-33: Error bits

Error bits

¢ ERRDIG: Speed related error message. If this error occurs during the position
formation procedure, this is indicated by the ERRDIG bit.

e ERRSI: Error at the light source.

¢ ERRSYNC: Contamination of the code disk or the reading system. While determin-
ing the position, an error arose since the last SSI data transmission. The error bit
is cleared during the next data transmission.

An internal monitoring system continuously tests the function of the safety encoder. If
an encoder detects an error, the error status is displayed to the evaluation system by
the SSI channel only outputting "1", whereby the error bits are set.

NOTE
The evaluation of at least one error bit must be realized in the control. 3 error bits are
also sent along and should be considered in the control configuration.

The resolution of the multiturn is permanently set to 12 bits.

If the safety encoder is set to a resolution of 25 bits, 28 bits, 12 multiturn data bits, 13
singleturn data bits and 3 error bits are output.

Additional sin/cos interface
360° el.

ol NN NN
fffff [N ]
\

SIN+ SIN-
Figure 15: Process data channel 1, signals before difference generation at 120 ohm load. Signal
diagram for clockwise (CW) shaft rotation, looking in direction of the shaft
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Figure 16: Process data channel 1, signals after difference generation at 120 ohm load. Signal
diagram for clockwise (CW) shaft rotation, looking in direction of the shaft
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3 SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES

3.4 ATM60 / ATM90 SSI

Multiturn SSI data format

25 position bits in total can be output: 12 bits multiturn and 13 bits singleturn or
13 bits multiturn and 12 bits singleturn.

The so called Tannenbaum format for transmitting the position is permanently set. This
means that when a lower resolution is set, the MSB or LSB side is filled with “0” (see

graphic).

Clock + _
UL LU LT eror s
112 (3|4 (5|6 |7 |8 |9 [10[11{12(13[14|15(16(17(18|19|20(21(22|23|24(25| optional

Bit 2412312221{20|19]18{17]16]|15[(14]|13]12|11{10) 98| 7[6]|5[4]|3[2]| 1|0
z Multiturn | Singleturn Q

Figure 17: Example: 13 bits multiturn and 12 bits singleturn

Clock 1-13: Multiturn position bits

Clock 14-25: Singleturn position bits
e LSB: Least significant bit
« MSB: Most significant bit

Clock 26: Optional error bit

Clock +
Uy U UL UL erorsr
112 (3|4 (5|6 |7 |8 |9 [10[11(12]13[14|15(16(17(18|19|20|21(22|23|24(25| optional
Bit 24123(22]21{20(19|18]17(16)15[14]13|12|11{10]/ 98| 7|6 3f2]1f0
§ Multiturn | Singleturn Q

Figure 18: Example: 12 bits multiturn and 13 bits singleturn

Clock 1-12: Multiturn position bits

Clock 13-25: Singleturn position bits
e LSB: Least significant bit
¢ MSB: Most significant bit

Clock 26: Optional error bit
SSI-RIGHT-ALIGNED

By default, the SSI data are output in Tannenbaum format during standard operation
(binary resolution). If this function is enabled, the SSI data area right aligned on the
24th bit. If the “SSI-SHIFT- RIGHT” function is also enabled, the SSI data are right
aligned on the 25th bit. This function is not used in round axis operation. Example:

Clock +
LU U U U U U LI L L eror s
112 (3|4 (5|6 |7 |8 |9 |10[11(12[13[14|15(16(17(18|19|20(21(22|23(24(25| optional
Bit ofojofojojofojofojfPvfpm|Pv|PM{PM|PM|PM|{PM|PS|PS|PS|PS|PS|PS|PS|PS
§ Filled with zero Multiturn | Singleturn Q
Figure 19: SSI bit structure with 8 bits singleturn and 8 bits multiturn — right aligned
PM Multiturn position bit
PS Singleturn position bit

SSI-SHIFT-RIGHT

If this function is enabled, the SSI data are output shifted one position to the right, i.e.,
the LSB is lost and bit 24 (MSB) is set to logical O. This applies to all resolution types
that are set. Example:

20 TECHNICAL INFORMATION | SSI Interface Description 8027422/2022-02-08 | SICK
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Clock + _
UYL U U UL U LI L eror s
1 (213 |4 (5|6 |7 |8 |9 |10[11]|12(13|14|15|16(17|18|19|20(21|22|23|24(25| optional
Bit 0 [PM M PM| PM|PM[PM|PS|PS|PS|PS|PS|PS| PS| PS|PS| PS| PS|PS
z Multiturn | Singleturn Q
Figure 20: SSI bit structure with 13 bits singleturn and 12 bits multiturn — shift right
PM Multiturn position bit
PS Singleturn position bit
SSI mode

Asynchronous SSI mode

During standard operation, the ATM60 forms a position value cyclically every 0.15 ms
regardless of the SSI master clock frequency and places this value in the output
register provided where it can be fetched through the interface. For a non-binary reso-
lution or round axis functionality, the position formation takes 0.2 ms. Since the SSI
clock frequency and the position formation cycle can never be the same, the temporal
position assignment will be continuously shifted. In this operating mode, the temporal
assignment of the position value varies between 0.005 and 0.15 ms or, for round axis
operation, between 0.005 and 0.2 ms.

Synchronous SSI mode

In this operating mode, the recording of the position starts from the first falling edge
of the SSI clock, and the position recorded at the last clock pulse chain is sent.

This means that the temporal assignment can be determined. For synchronous SSI
operation with the standard resolution (no round axis and not a non-binary resolution),
the monoflop time tm is fixed at 150 ys. For round axis operation and a non-binary
resolution, the monoflop time tm is 200 ps. The recording of the position starts from
the first falling edge of the SSI clock and is placed in the output register before the
monoflop time tm elapses. The maximum allowed clock frequency in synchronous SSI
operation taking into consideration the length of cable is 1.5 MHz. The interval between
the clock pulse trains, which needs to be selected on the controller side, is therefore

> 150 us or, when round axis functionality is enabled for a non-binary resolution,

> 200 ps.

Round axis functionality

When non-binary resolutions are used, these are represented internally using the round
axis functionality. The output format is that required for round axis operation, i.e., only a
right aligned output on the 24th bit (bit shift right=0) or the 25th bit (bit shift right=1)
can be selected. The various code types such as binary, Gray or Gray excess can be set
for this.

The round axis concept encompasses two functions:

1  Non-binary resolutions can be set (specific step count per revolution)
2  Atotal step count for a configurable physical measuring distance can be selected.

The encoder then starts counting from Zero again (continuous function).

When round axis functionality is enabled, the maximum resolution is based on 8,192
steps x 4,096 revolutions. The physical measuring distance is entered as a fraction,
whereby the numerator is a limited to a maximum value of 4,096. The denominator can
be set to the value 16,777,216, whereby the maximum encoder resolution of 8,192
steps per revolution cannot be exceeded. This relationship also determines the total
step count, which can be set to a maximum value of 33,554,432.
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3.5 ARSG60 SSI

Singleturn SSI data format

Data format for resolutions < 8,192 steps

- UL e

2(3|4|5|6|7 |8 |9 |10[11|12(13
11|10/ 9|8[7|6[5]|4|3[2]|1

Bit

asw[g[ » —

as1|e

Clock 1-13: Singleturn position bits
e LSB: Least significant bit
« MSB: Most significant bit

Data format for > 8,192 steps

Clock +

U LU e
1(2|3|4 (5|6 (7|8 (9 |10[11|12(13|14(15|16|17

Bit 16[15|14[13|12[{11|10{9 |8 |7 |6|5[4|3[2]|1 |0
- ARE
: 881

Clock 1-15: Singleturn position bits
e LSB: Least significant bit
¢ MSB: Most significant bit

Clock 16-17: Error bits

e  Error bit 1: Position error: While monitoring the position, an error arose since the
last SSI data transmission. The error bit is cleared at the next SSI transmission.

e  Error bit 2: Sender monitoring
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3.6 TTK70 SSI

SSI data format

Clock +

uyuyyuyy UL LU

213 |4|5|6 |7 10|11 (12|13 (14 |15 (16 |17 18 |19 [20 |21 [22 (23
22|21]|20(19|18|17(16|15(14|13|12|11|10|9 |8 |7 |6|5]|4 |3 |2|1

[N
s
N
o
N
[

Bit

aswf] ~—

as1{e

T Liadoyy3
T 11840443

Clock 1-24: Position bits
e LSB: Least significant bit
« MSB: Most significant bit

Clock 25-26: Error bits

« ERROR BIT 1: Error message regarding the distance between the read head and
magnetic tape. This bit is set in the SSI data stream if the maximum permitted
distance between the read head and the magnetic tape is exceeded. The output
position value is invalid.

« ERROR BIT 2: Error message regarding the operating temperature. This bit is set in
the SSI data stream if the sensor is being operated above its maximum permitted
operating temperature.

The evaluation of the error bits must be implemented in the controller.

The error bits that are output do not have to be used by the controller. To be able to
evaluate the error bits, the controller must send at least 26 clock pulses per clock
pulse train. A maximum of 31 clock pulses must not be exceeded. If more than 26
pulses are sent, the additional bits are output with "0". If the error bits cannot be
evaluated in the PLC, the controller must be set to an encoder resolution of 24 bits.

Sin/Cos interface

/\ o5

\‘/ ********** AN

SIN+ SIN—

COS+ ... COS-
ov

SIN+ ... SIN-

Figure 22: Interface signals after differential generation

8027422/2022-02-08 | SICK TECHNICAL INFORMATION | SSl Interface Description 23
Subject to change without notice



3 SPECIFIC FEATURES OF THE SICK ENCODER PRODUCT FAMILIES

Signal Interface sig- | Interface sig- | Signal offset | Supply voltage | Output
nals nal for differ-
ence calcula-
tion at 120 Q
load
+ SIN Analog, differ- |0.5Vgg+10% |25V £ 5% 45V .30V |Sine0.5Vpp
-SIN ential
+ COS - COS
3.7 KH53 SSI
SSI data format
Clock +
yyyuyyyyyyyuuyy Yy
112 (3 (4|5|6 |7 [8]9 |10|11(12|13|14 |15 (16|17 |18(19|20|21|22 |23 |24
Bit 23222120191817161514131211109876543210|
= 0
Clock 1-24: Position bits
¢ MSB: Most significant bit
e LSB: Least significant bit
The KH53 SSI has no defined error bits via the SSI data format. If the max. traversing
speed is exceeded or the distance between the measuring element and read head is
too large, however, the corresponding error message is triggered: FFFFFE Hex.
24 TECHNICAL INFORMATION | SSI Interface Description

8027422/2022-02-08 | SICK
Subject to change without notice



8027422/2022-02-08/en

Australia

Phone +61 (3) 9457 0600
1800 33 48 02 - tollfree

E-Mail sales@sick.com.au
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Phone +86 20 2882 3600
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Phone +358-9-25 15 800
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Phone +33 1 64 62 35 00
E-Mail info@sick.fr
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Phone +49 (0) 2 11 53 010
E-Mail info@sick.de
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Phone +30 210 6825100
E-Mail office@sick.com.gr
Hong Kong

Phone +852 2153 6300
E-Mail ghk@sick.com.hk

Hungary
Phone +36 1 371 2680
E-Mail ertekesites@sick.hu

India
Phone +91-22-6119 8900
E-Mail info@sick-india.com

Israel
Phone +972 97110 11
E-Mail info@sick-sensors.com

Italy
Phone +39 02 27 43 41
E-Mail info@sick.it

Japan
Phone +81 3 5309 2112
E-Mail support@sick.jp

Malaysia

Phone +603-8080 7425
E-Mail enquiry.my@sick.com
Mexico

Phone +52 (472) 748 9451
E-Mail mexico@sick.com

Netherlands
Phone +31 (0) 30 229 25 44
E-Mail info@sick.nl

New Zealand
Phone +64 9 415 0459

0800 222 278 - tollfree
E-Mail sales@sick.co.nz

Norway
Phone +47 67 81 50 00
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Poland

Phone +48 22 539 41 00
E-Mail info@sick.pl
Romania

Phone +40 356-17 11 20
E-Mail office@sick.ro
Russia

Phone +7 495 283 09 90
E-Mail info@sick.ru
Singapore

Phone +65 6744 3732
E-Mail sales.gsg@sick.com

Detailed addresses and further locations at www.sick.com

SICK AG | Waldkirch | Germany | www.sick.com

Slovakia
Phone +421 482 901 201
E-Mail mail@sick-sk.sk

Slovenia

Phone +386 591 78849

E-Mail office@sick.si

South Africa

Phone +27 10 060 0550

E-Mail info@sickautomation.co.za

South Korea

Phone +82 2 786 6321/4
E-Mail infokorea@sick.com
Spain

Phone +34 93 480 31 00
E-Mail info@sick.es

Sweden

Phone +46 10 110 10 00
E-Mail info@sick.se
Switzerland

Phone +41 41 619 29 39
E-Mail contact@sick.ch
Taiwan

Phone +886-2-2375-6288
E-Mail sales@sick.com.tw
Thailand

Phone +66 2 645 0009
E-Mail marcom.th@sick.com
Turkey

Phone +90 (216) 528 50 00
E-Mail info@sick.com.tr
United Arab Emirates

Phone +971 (0) 4 88 65 878
E-Mail contact@sick.ae
United Kingdom

Phone +44 (0)17278 31121
E-Mail info@sick.co.uk

USA

Phone +1 800.325.7425
E-Mail info@sick.com
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Phone +65 6744 3732
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