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Encoder Kit R

The Encoder Kit R is a minimum configuration of a rotary encoder for use in situations where installation space is limited.
The kit is based on the miniaturized and multifunctional EPIFLEX measuring module and on aluminum grating disks.

The grating disks are scanned in reflected light.

Features

e Compact, highly integrated design of the
EPIFLEX measuring module;
all functional components of ameasuring system have been
deposited on a glass substrate using microelectronic
technologies

e Variable use due to modular design

e Minimum dimensions of the EPIFLEX measuring module

e Extremely flat design

¢ Allows rough installation tolerance limits;
optional: user-friendly pre-alignment of the measuring
module in a mechanical frame

e Low mass moment of inertia of the grating disk

¢ High measuring speed due to high limit frequency of the
EPIFLEX measuring module

e Variable signal interface

Modular Design

Installation of the EPIFLEX measuring module

In the standard versions, the measuring modules are placed in
steel or aluminum frames and mechanically adjusted to the
outside diameter D_ and inside diameter D..

If the frame is placed against a locating collar provided by the

user with @ D, H6 or @ D, h6, the Encoder Kit R will need no

further mechanical adjustment to be fully functional, provided

that

e the disk is centered, and

e the specified distance ¢ between the measuring module and
grating disk is maintained.

The mount is fastened by screws.

If the measuring module is to be used without frame, additio-

nal tolerance must be complied with in two translational and

one rotational degree of freedom.

The measuring module is then fastened by adhesive.

Fields of application

Fields of application where rotational movements, angles or
revolutions must be measured in confined installation
conditions:

e Automation technology

e Drive systems

e Instruments and machines used in the microelectronic
industry

Robot and handling technology

High-precision engineering

Metrology

Rotary axes

Medical technology

Signal adjustment

After mechanical installation, electronic signal adjustment is
possible to optimize measuring module output signals.

This can result in
e a reduction of the interpolation error, and
e activation of functional reserves.

Signal adjustment can be performed with the aid of

e the adjustment kit together with an oscilloscope and a PC, or

e the signal monitor.

Electronic adjustment is recommended for Encoder Kit R with
25-fold interpolation and higher.

Electronic adjustment is essential if the measuring module

is used without frame or in a custom-designed frame.



Modular Design — Signal Processing on the Connector Board

ENCODER Kit R

consists of:

Measuring module in standard frame (B)

Measuring module and connector board are interfaced and

Kit R, grating disk, connecting cable ! :
electronically adjusted.

KitR 12 B 040,4/3600 L4
(measuring module fixed in the frame,
connector board)

RS 40.4/10/3600

KabAA1.00

designation example:
Measuring module without frame (A) or in special frame
Measuring module is preadjusted and set to the signal interface
of the electronic unit.

Grating disk or
disk segment

Measuring module is not interfaced with the connector board.
EPIFLEX measuring module —
fixed in frame
Connecting cable with or without connector
to subsequent electronics (max. 3 m)

— ||| — |

Flexible tape PCB

Connector board ALP
X5 10-pin

Reference track

Counting track

i . roTo -
Signals:  Output measuring module = | Output connector board =
input connector board | output cable/connector
\
sin 1V, } = sin 1V,
\
sin 1V, } = square-wave signal RS 422;
| without interpolation
. | .
sin 11 pA,, i = sin 11 YA,
\
sin 11 pA,, } = square-wave signal RS 422;
| with interpolation
| interpolations factor is fixed
| max. output frequency
| (min. edge separation)
! is fixed
Connector board Usable seating surface must not be 16
. ! exceeded; o e
)(2 10-pln otherwise risk of shortcircuit! 4 026
Lock ‘ + © i
:‘ A
W
— =
— 1 T=sk
( o =]
o e ©
o i\ Connector for ~| 2
X1 o o | \.connecting cable =
X,
o iam}
o iam}
{ N [=] nm]
ICKness
O | o . .
Flexible tape PCB from D X3 Lu— (without components):
EPIFLEX measuring 013
module loooooooaf
AN |
. : Testing and programming PINs
Surface for additional mounting of the \ : : \
PCB, e.g. by clamping, adhesio%, \Y for diagnostic cable
insertion in'groove (accessible from the rear)
11 dia. 0.35; 1 mm pitch




Modular Design — Signal Processing in the Connector

ENCODER Kit R

consists of: Kit R, grating disk

Kit R 12 B 040.4/3600 L4FZ
(measuring module fixed in the frame,
connector board, round cable with
15-pin D-Sub connector)

RS 40.4/10/3600

A vacuum version in this configuration is not available.

designation example:

Grating disk or

Measuring module in standard frame (B)

Measuring module, connector board and cable with connector
are interfaced and electronically adjusted.

Measuring module without frame (A) or in special frame
Measuring module is preadjusted and set to the signal interface
of the electronic unit.

Measuring module is not interfaced with connector board and
cable.

EPIFLEX measuring module

disk segment fixed in frame

Flexible tape PCB

Connector board — X, 12-pin

ﬁﬂ

KitR ...

Diagnostic cable for adjustment kit
(connectable after opening the cover)

Connecting cable with connector
(max. 1 m)

5

Connector with signal-processing electronics
(9-pin or 15-pin D-Sub connector)

Reference track

Output connector
board = input
connecting cable

| Output D-Sub connector
|
|
|
|

- sin1V, — = sin1V,for 9-pin D-Sub connector
|
|

sn1V, o sin1V,for 15-pin D-Sub connector

) \
sintV,, 1 . square wave signals RS 422

Counting track Signals: Qutput measuring module =
input connector board
sin 1V,
sin 1V, -
sin 1V,

Connector board

AN \

X, 12-pin
[/ o
= ol | m;
N — I:I'\J lim}
— o =)
A — =] sl
’ — [=} um
X1 — |:|X 1nm]
— 2
— [=} sl
— o uum]
—
— o iim]
= [m] ]
[=} =l
o= | D
A Il (e

Dimensions
see connector board page 3

(for 15-pin D-Sub connector) with
interpolation, interpolation factor is
fixed, max. output frequency

|
|
|
|
|
|
1
|
|
| |
|
|
|
|
|
i
| (min edge separation) switchable

Proposed Mounting of Connector Board
View A (shown without connector X, )

4
M 2.5 DIN 920
K i i *
) ~
sl G

y I I oO0oponaoonng / ¢

1 |
I R ~ |
E
olo

*) Total hight including connector with cable



Modular Design — without Signal Processing

ENCODER Kit R

consists of:

designation

example:

EPIFLEX measuring module

grating disk

EMR 12 B 040.4/3600 CO

(measuring module with frame)

RS 40.4/10/3600

Driven square-wave signals

When using this interface, note that the reference pulse (in
contrast to the versions with signal processing) is not gated with
the counting pulses.

When approached from different directions, the hysteresis of the
reference pulse can reach approx. one signal period.

Measuring module in standard frame (B)
Measuring module is electronically adjusted.

Measuring module without frame (A) or in special frame
Measuring module is preadjusted and set to the signal output
according to ordering key.

Reference track

Grating disk or

EPIFLEX measuring module

disk segment

fixed in frame

11

Flexible tape PCB

EMVR ...

= 224F
=100 nF

aNe!
o -

Costumer’s electronics
(recommended line filter)

Recommended connector

for Flexprint cable:
12 FLZ-RSM 1-TB
Manufacturer JST

Counting track Signals: Output measuring module

sin 1V,

sin 11 pA,,

square wave signals RS 422
Pin assignment X,
Pin 1 2 3 4 5 6 7 8 9 10 11 12
sin 11 pA,, SCL ~ SDA  GND = CS L, Lo NAS  1g_ g, s I, Ug
sin 1V, SCL  SDA  GND = CS U, U, = NAS = Ug, U U, Uy U
RS 422 SCL SDA | GND  CS Z,.  Z,, | NAS R+ R-  Z, 7y, Ug
Legend
l;, U;, sin-signal (counting track) Z negated counting signal 0° (180°) AS  monitoring signal
l,, U,, cos-signal (counting track) Zy_ negated counting signal 90° (270°) NAS  negated monitoring signal
l,_ U;_ —sin-signal (counting track) = R+ reference signal NAS high:
I, U, —sin-signal (counting track) = R- negated reference signal input signals within tolerance

. range;

o, Uo, reference 5|g.na| Ug supply voltage (+ 5 V) measuring system functioning
lo. Ug. - reference signal GND earth (0 V) NAS Jow:
7, count?ng s?gnal 0° SCLCS | adjustment pins measuring system in disorder
Ly, counting signal 90° SDA (for electronic signal adjustment)



Installation Dimensions

Grating disks available — Ordering key

Counting track

.‘*W
| 2\

Type/Ordering key

RS 40.4/10/1800
RS 40.4/10/2048
RS 40.4/10/3600

RS 40.4/25/1800
RS 40.4/25/2048
RS 40.4/25/3600

RS 64.4/48.5/2048
RS 64.4/48.5/9000
RS 64.4/48.5/10000

RS 92.4/70/3600
RS 92.4/70/9000

RS 92.4/70/18000

RS 142.4/120/5400

RS 142.4/120/18000

Connecting cables

20

S
|
0.5 thick
da dt di
4675 40.4 105
46792 40.4 10M3
46753 40.4 105
4672 40.4 25 +0.1
46753 40.4 25 +0.1
46752 40.4 25 +0.1
71,522 64.4 48.5 +0.1
71592 64.4 48.5 +0.1
715708 64.4 48.5 +0.1
10052 92.4 70 +0.1
10052 92.4 70 +0.1
10052 92.4 70 +0.1
150707 142.4 120 +0.2
15002 142.4 120 +0.2

!
i

Cable length L as per ordering key

d1 d2
44 32
44 32
44 32
44 32
44 32
44 32
68 56
68 56
68 56
96 84
96 84
96 84
146 134
146 134

A

10-pin miniature connector 10SR-35 (JST)

Outside shield braiding
(turned up the insulation)

dy

14.5
14.5
14.5

2.3
2.3
2.3

Z*

1800
2048
3600

1800
2048
3600

2048
9000
10000

3600
9000
18000

5400
18000

*) Number of lines of the grating disk

for connector board

A —
Shrinkdown sleeve

Connector as per orderin
assignment signal/wire color
see page 12

Test connector 10SR-3S (JST)

key;

12

. Interface
Wire
lat ribh b Round cabl 1Vpp | 11 pAp, | RS 422
at ribbon cable ound caple 10 5V 5V 5V
Red wire 3 o i L1+ Z1r
o 8 Uo+ To+ R+
A \4 ) 7 Ui ! Z1
] - _ -
{ ¢ ] L
\\ y 6
) \ 5 Ug. To R
1 4 Uoy Loy Z2+
3 NAS NAS NAS
- Cable length max. 0.3 m - 2 oV oV oV
. . : 6 .
Min. bending radius at 10° bends: 5.5 mm 1 Up_ 1o Zy




Installation Dimensions

EPIFLEX measuring module with frame

A-A
N
(#1001
0.5 N
Rotating part
(carrier disk)
NN

1

2237L

N8
RN
1;

V777777

N

/!

0.01

0.01

Immoveable part

t

-

3.5

-

=]
~=]

(machine)

Positive counting direction

either

Dimensions and tolerance limits to be observed by the user to ensure
proper functioning, without angular error being taken into account

Type

RS 40.4/10/1800
RS 40.4/10/2048
RS 40.4/10/3600

RS 40.4/25/1800
RS 40.4/25/2048
RS 40.4/25/3600

RS 64.4/48.5/2048
RS 64.4/48.5/9000
RS 64.4/48.5/10000

RS 92.4/70/3600
RS 92.4/70/9000

RS 92.4/70/18000

RS 142.4/120/5400

RS 142.4/120/18000

d

10
10
10

fg4
fg4

fgd

Dp*

55 H6
55 H6
55 H6

55 H6
55 H6
55 H6

82 H6
82 H6
g H6

110 Hé
110 Hé
110 Hé

160 H6
160 H6

26 16
26 16
26 16

26 16
26 16
26 16

50.8 1
50.8 1
50.8 1

78 16
78 16
78 16

126 16
126 16

stop surface
inside radius

or

stop surface
outside radius

*) alternatively D, orD,

**) Radial eccentricity of the disk bearing

(dy)

44
44
44

44
44
44

68
68
68

96
96
96

146
146

R

0.015
0.015
0.015

0.015
0.015
0.015

0.015
0.015
0.015

0.015
0.015

Frame for EPIFLEX measuring module; standard frame B according to ordering key

A
\/
N \

3.5 thick

Type

MF 40.4
MF 64.4
MF 92.4

MF 142.4

556

82 ¢

110 6

160

D, D,
40.4 2616
64.4 50.8M°
92.4 78 16
1424 12616

D

L

51 0.1

77 0.1

106 +0.1

156 +0.1

2.2

2.2

2.2

2.2

86°

54°

40°

26°

R**

0.01
0.01
0.01

38°

27°

20°

13°

t

0.7 £0.05
0.7 £0.05
0.4 +0.03

0.7 £0.05
0.7 £0.05
0.4 +0.03

0.8 +0.05
0.6 +0.05
0.5 +0.05

0.5 +0.05
0.4 +£0.03
0.35+0.05

1.2 £0.05
1.2 £0.05

70° 30°

44° 220
340 17°

22° 11°



Installation Dimensions

EPIFLEX measuring module without frame

Positive counting direction
05 X1
A | 0.01
_A _ INXNY R . —— iy
- 0
_ §q>, L 8.12+005 9
Clamping disk S f00 m
Grating disk
Carrier disk
Customers '
@A part
e Adhesive
t
- ' 7 [r]Q] i ]0.02] 20 —
/

0.015]20 ' (longitudinal) or | /| 3
//10.03]8 (transverse)

Bonding of the EPIFLEX measuring module outside the 3 contact pads on both longitudinal sides.

Dimensions and tolerance limits to be observed by the user to ensure

proper functioning, without angular error being taken into account **) Radial eccentricity of the disk bearing
Type d, R R** (dy) L
RS 40.4/10/1800 10, - 001 44 22.65 +0.05
RS 40.4/10/2048 10, - 001 44 22.65 £0.05
RS 40.4/10/3600 10 g4 - 0.01 44 22.65 +0.05
RS 40.4/25/1800 - 0.015 - 44 22.65 +0.05
RS 40.4/25/2048 - 0.015 - 44 22.65 £0.05
RS 40.4/25/3600 - 0.015 - 44 22.65 £0.05
RS 64.4/48.5/2048 - 0.015 - 68 34.78 £0.03
RS 64.4/48.5/9000 - 0.015 - 68 34.78 +0.03
RS 64.4/48.5/10000 - 0.015 - 63 34.78 £0.03
RS 92.4/70/3600 - 0.015 - 96 48.89 £0.05
RS 92.4/70/9000 - 0.015 - 96 48.89 £0.05
RS 92.4/70/18000 - 0.015 - 96 48.89 +0.05
RS 142.4/120/18000 - 0.015 - 146 73.96 £0.05
RS 142.4/120/5400 - 0.015 - 146 73.96 £0.05

Proposed mounting of grating disk
Grating disk Mounting screws Clamping disk

N | =
Adhesive surface

Clamping (only for RS 40.4/10 ... and RS 92.4 ..) or full-surface bonding (without clamping disk)

Contact surface



Technical Specification

Resolution

Resolution A is defined as the smallest angular value which is
still detected by the evaluating electronics (display, control)
when the grating disk is turned relative to the EPIFLEX
measuring module.

The resolution can be calculated using the following formula:

A=ZeieN in increments/revolution
360° )
= : in degrees
ZeieN

Z the number of lines on the grating disk
i interpolation factor of the connector board

(5x, 10x, 25x or 50x)
N factor for evaluation mode in the counter
N =1 for single-edged evaluation
N =2 for double-edged evaluation
N =4 for quad-edged evaluation
Elektrical data
Scanning frequency max. 500 kHz
Output interfaces
- voltage output 1V,

with integrated line driver

— current output 11 pA,,
— square-wave output RS 422;

optionally with internal
signal interpolation 5/10/25/50x

Supply voltage 5V+10%
Power consumption
- voltage output < 60 mA
— current output <30mA
— square-wave output

(RS 422) < 180 mA

Cable length — connecting cable

(round cable)
on request;
for greater lengths use extension
cable

Permissible cable lengths

(with extensions) max. 18 m

for current output 11 pA,,

max. 100 m

for voltage output 1V,,

max. 100 m

for square-wave output RS 422

1 m with connector; other lengths

Accuracy

Accuracy (extremes of direction deviations) is affected by

e graduation errors of the grating disk

e eccentricity of the graduation relative to the axle bearing

e radial eccentricity of the axle bearing

e deviations in the positions of the grating disk and the
EPIFLEX measuring module (installation tolerance)

e interpolation error in signal processing

The accuracy is largely determined by the eccentricity of the

graduation relative to the axle bearing and the radial

eccentricity of the axle bearing.

The error resulting from these factors is calculated using the

following formula:

Ap= = 412 e
D
JAY0) angular error in seconds of arc
e eccentricity of the graduation relative to the axle
of rotation including the radial eccentricity of the
axle bearing in pm
D graduation diameter of the grating disk in mm
Ambient conditions
Operating temperature range  0°C ... +55°C
Storage temperature range -20°C ... +70°C
Vibration (50 Hz ... 2000 Hz) <200 ms2
Shock (11 ms) <400 ms2

The way the EPIFLEX measuring module is designed —
optoelectronic function elements on a glass substrate —
it is alone not immune against electromagnetic
radiation (EMC).

Mechanical data

Grating disks see ordering key page 6

Dimensions of

EPIFLEX measuring module
EPIFLEX measuring module
fixed in the frame

8x20x2.6 mm3

see page 7

Maximum numbers

of revolution as a function

of the counter see table page 9 below
(The table already takes into account any limitation of the
number of revolution due to signal tolerances.)

Z: number of lines of the grating disk

Interpolation None 5x 10x 25x 50x

Max. speed (rpm) 30.000.000 30.000.000 21.600.000 8.640.000 4.320.000
VA Z Z Z Z

Mln. edge separation of output 0.33 s 28 s 28 ns 28 ns 28 ns

signals at max. speed

Min. counting frequency

(clock frequency) of counter 3 MHz 36 MHz 36 MHz 36 MHz 36 MHz

at max. speed

Safety factor without interpolation: 1.5

Safety factor with interpolation: 2.5



Ordering Key

Components for measurement of rotary motions

| kitR | 1| 2| B ] 0404/3600]| L|[a]|F]2Z|

Signal processing in the connector

Kit R | version
with signal processing Y12

9-pin; D-Sub; electronic unit inside
the connector (1 V,))

EMR | version
without signal processing 712

15-pin; D-Sub; electronic unit inside
the connector (RS 422, 1V,)

Type of sensor

1 dimensions 20 x 8 x 2.6

Cable Kit R for signal processing in the connector

Flexible tape, length I T —— e
1 25 mm Rl 03m a e

2 |55mm St 05m B! 0.5

T 1.0m F1 1.0m

Frame Bl 1.5m £ 1.5m
A | without frame V! 20m G' 2.0m
standard/steel (passivated) W1 30m K 30m

standard/aluminium (cromated) I

OlNn|®m

customized frame on request Clock frequency/edge separation

other frames min. counting frequency of counter
X | (min. edge separation of the counting signals):
only for version with interpolation

Optical diameter of graduation — number of lines

404 1800
0.4 2048 Output signals
40.4 3600 B |sinusoidal signal 11 A,
64.4 2048 . . .
C |sinusoidal signal 1V,
64.4 9000
64 4 10000 K | square-wave signal RS 422 without interpolation
924 3600 4 L |square-wave signal RS 422 with interpolation 5x
924 9000 M | square-wave signal RS 422 with interpolation 10x
9.4 180003 . — -
142 4 5400 I square-wave signal RS 422 with interpolation 25x
142 .4 18000 N | square-wave signal RS 422 with interpolation 50x
1 Only necessary if the electronic unit is inside the connector
2 Standard lengths: 0.3 m; 0.5m; 1.0m, 1.5m,; 2.0 m; 3.0 m;

greater lengths with extension cable, other lengths on request

3 Electronic adjustment recommend, requires adjustment kit

For ordering key of grating disks see page 6



Ordering Key

Connecting cables for ENCODER Kit R

Connector on output of connector board

[ kab [A[A| 00 [A]

Pin assignment

standard
(analogous mounting instruction)

customer option
(serially numbered)

customer option
(serially numbered)

Connector on cable

A3 | no connector
D [ 9-pin; D-Sub; PIN; straight
H | 12-pin; plug; round; PIN; plastic-amored
I [ 9-pin; plug; round; PIN; plastic-amored
K' [12-pin; coupling; round; PIN; plastic-amored
O [ 15-pin; D-Sub; PIN; straight
S' | customized plug on request
V' | 12-pin; DIN-plug

A | JST-connector 10-pin SR/SH
Type of cable
A | round cable; d= 5.1
B | flat ribbon cable
F | round cable; d=3.8
for vacuum
length of cable? in XX m
1 No standard, supplied against surcharge
2
3

For standard pin assignment see page 12

Standard lengths: 0.3 m; 0.5m,; 1.0m,; 1.5m, 2.0 m; 3.0 m;

greater lengths with extension cable, other lengths on request

Supplied with test connector 10SR-3S (JST), only for cable type A



Standard Pin Assignment

15-pin D-sub plug

PIN 1 2 3 4 5 6 7 8 9
sin 1V, - - - Uy_ U,  U_ 5V 5V 0V
RS 422 - - NAS  Z,.  Z,_ Z,_ 5v. 5v 0V
Colour - — violet pink = red yellow brown brown white

9-pin D-sub plug

Pin 1 2 3 4 5 6 7 8 9

sn1V,,  Up_ 0V  U_ - U U, 5V Uy, Uy
RS 422 Z, OV Z,_ NAS Zo  Z,, 5V 1, I,
sin TTA,, 1 oV I - loo I, 5V P los

Colour yellow white red violet pink green brown blue grey

12-pin circular connector (@ 28; M 23 x 1)

Pin 1 2 3 4 5 6 7 8 9

sin 1V, Uy 5V Uy, U U

+ +

RS 422 Z, 5V 7,

Z,  Z,, Z,_ NAS Z,, @ -

+

Colour red brown grey pink green yellow violet blue -

9-pin circular connector (@ 28; M 23 x 1)

Pin 1 2 3 4 5 6 7 8 9
sin11pA, L, L. 5V 0V, g, g -
Colour green yellow brown white blue red = grey pink -

12-pin DIN circular connector (@ 18; M 18 x 0,75)

- black grey blue green -

Housing
Shield

Shield

Shield

10 11 12 Housing

ov 0V 5V Shield
ov 0V 5V Shield

white white brown

Housing

Shield

Pin A B C D E F G H | K L M Housing
sin 1V, - ov U, U_ U, 0V Uy U 0OV 5V U, 5V  Shield
RS 422 - ov  Zy, Z_ Z, 0OV  Zy,  Z,. OV 5V Z,_ 5V  Shield
Colour - white green yellow blue white grey = pink white brown red brown

For legend see page 5

NUMERIK JENA GmbH
NUMERIK

lImstraB3e 4

JENA D-07743 Jena
Germany
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