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Speed sensor
DSA

RE 95133/12.2018
Replaced: 09.2018

▶	 Hall-measurement principle
▶	 Measuring range 0 … 20 kHz
▶	 Output signal voltage square-wave signals
▶	 Supply voltage 8 … 32 V
▶	 Protection class IP67 / IP69K

Features
▶	 Two versions 

- With two frequency signals. 
- With frequency signal and direction of rotation signal    
  for easy connection to control units

▶	 Diagnosis options in combination with the control unit 
input circuit 
- Cable break 
- Short circuit 
- Standstill detection

▶	 12 V and 24 V nominal voltage
▶	 Sealing for pressure to maximum 10 bar
▶	 Compact design
▶	 Robust design thanks to full metal housing
▶	 Simple installation without setting work
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Product description

Description

In conjunction with a gear wheel, the DSA speed sensor is 
suitable for generating frequency signals proportional to 
the speed. The sensor exhibits a static behavior, i. e. it gua-
rantees pulse generation up to a rotational speed equating 
to a frequency of 0 Hz. The monitoring element comprises 
a Hall-ASIC supplying two square-wave signals. The internal 
two-channel structure requires perfect alignment of the 
sensor.
The frequency “f” of the square wave voltage output by the 
sensor is calculated from the number of teeth “z” on the 
circumference of the gear wheel and the rotational speed 
“n” of the drive or output shaft according to the following 
formula:
 

f =
z × n
60

Key

f Frequency [Hz]

n Rotational speed [min-1]

z Number of teeth

 	 The number of teeth are specified in the data sheets of the  
respective axial piston unit.

Output signals
▶	 Push-pull outputs: Imax≤ ±50 mA
▶	 Frequency signals can be evaluated in the measuring 

range from 0 Hz to 20 kHz.

 

Assigning the direction of rotation to the sensor

[mm]

0.
3 

...
 2

.0

B A
A = clockwise
B = counter-clockwise
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Two basic variants available
▶	 DSA1 returns a square-wave signal that is proportional 

to the speed as well as a switching signal for detecting 
the direction of rotation.

▶	 DSA2 returns two square-wave signals (at least 15° 
phase shift) for redundant recording of the rotational 
speed. In addition, this can be used, for example, to 
calculate the direction of rotation using an RC control 
unit from Rexroth.



Signal output DSA1
▶	 One square-wave signal (S1) and one digital rotary 

direction signal (D)

Clockwise

S1

UOut

D

2 V

360°-phase Time t

Anti-clockwise

S1

UOut

D

2 V

360°-phase Time t

Signal output DSA2
▶	 Two phase-shifted square-wave signals with minimum 

defined phase shift of 15° between output 1 (S1) and 
output 2 (S2).

Clockwise

S1

UOut

S2

2 V

min. 15°
360°-phase Time t

Anti-clockwise

S1

UOut

S2

2 V

min. 15° 
360°-phase

Time t
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  DSA1 rotary direction signal D 
RIL = 22 Ω; RIH = 18 Ω

DSA1 frequency signal S1 
DSA2 frequency signal S1, S2 
RIL = 22 Ω; RIH = 18 Ω

~18 ... 22 Ω

GND

RPU

UB

RPD

UOut

UOut Low ≈ 0.7 V +
(UB − 0.7 V) × RIL

RPU + RIL

UOut High ≈ 
(UB − 0.9 V) × RPD

RPD + RIH

UOut Low ≈
UB × RIL

UOut High ≈ 
(UB − 0.2 V) × RPD

RPD + RIH

RPU + RIL

RIL~22 Ω

GND

UB

RPU

UOut

UOut Low ≈ 0.7 V +
(UB − 0.7 V) × RIL

RPU + RIL

UOut High > USupply − 1.2 V

UOut Low ≈
UB × RIL

UOut High > USupply − 1.2 V

RPU + RIL

RPD

RIH~18 Ω

GND

UB

UOut

UOut Low < 0.6 V

UOut High ≈ 
(UB − 0.9 V) × RPD

RPD + RIH

UOut Low < 0.6 V

UOut High ≈ 
(UB − 0.2 V) × RPD

RPD + RIH
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Output voltage UOut depends on sensor resistance RI and 
the external load resistances RPU, RPD and the supply 
voltage. The calculation is performed using the following 
formulas.



Connection to the control units

▶	 Sensor output signals S1 and S2 are connected to con-
trol unit inputs for measuring frequency using active 
speed sensors.

▶	 Sensor output signal D is connected to digital control 

unit inputs when no short-circuit detection is necessary. 
If short-circuit detection is necessary, the sensor should 
be connected to a corresponding analog input.

Short-circuit protection for DSA1 and DSA2
The output stage includes a thermal short-circuit limitation. 
This works as follows:
▶	 If the output stage is overloaded by an output current 

over the maximum specified 50 mA, the output stage is 
deactivated. It becomes high-impedance for 50 μs.

▶	 From this moment until the output stage is reactivated, 
the output level is exclusively determined by the load at 
the output terminal (pull-up/pull-down).

▶	 After the 50 µs, the output stage is reactivated to show 
the signal level (high or low) valid at this moment.

▶	 This shutdown process is repeated for as long as the 
output stage is thermally overloaded.

▶	 The time behavior of the shutdown results from the 
temperature conditions on the output stage and is 
dependent
–	 on the ambient temperature and cooling
–	 of the short-circuit current
–	 Signal path (ratio high/low frequency)

The output voltage on detection of short-circuit is depen-
dent on the (short-circuit) resistances at the output and 
can be calculated using the formulas, (see “Output signals” 
chapter). 

Cable break detection for DSA1 and DSA2
In the event of a line break (supply and/or ground), both 
signal output levels become high-impedance. 
In the event of a line break (signal 1 or 2), the correspon-
ding signal output level becomes high-impedance. 
In the event of an error, the voltage is only determined by 
the voltage divider of the external evaluation unit.
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Type code

01 02 03 04 05   06 07

DSA       D / 12 P

Type

01 Hall-effect speed sensor DSA

Version

02
One frequency output, one output for direction of rota-
tion 1

Two frequency outputs 2

Shaft length

03
18.4 mm S18

32 mm S32

Cable length

04
250 mm K0250

1500 mm K1500

Connection

05 Connector
DEUTSCH DT04-4P-EP04 D

Series

06 Series 1, index 2 12

Seal

07 HNBR (nitrile rubber) P

Type Material number

DSA 1 S18 K0250 D/12P R917010937

DSA 1 S18 K1500 D/12P R917010938

DSA 1 S32 K0250 D/12P R917010939

DSA 1 S32 K1500 D/12P R917010940

DSA 2 S18 K0250 D/12P R917010941

DSA 2 S18 K1500 D/12P R917010942

DSA 2 S32 K0250 D/12P R917010943

DSA 2 S32 K1500 D/12P R917010944
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Technical data

Type DSA

Nominal voltage 12 V and 24 V DC

Maximum residual ripple DIN 16750-2:2010 ±2 V DC

Supply voltage UB 8 V … 32 V

Input current maximum 15 mA at 24 V DC (without load)

Current capacity of outputs ≤ ±50 mA

Frequency range 0 Hz … 20 kHz

Short-circuit resistance of the outputs against every other connection Yes

Polarity mismatch protection Yes

Electromagnetic 
compatibility

Line-borne interference ISO 7637-1/-2/-3 Values on request

Load dump
at 12 V 70 V

at 24 V 123 V

Stripline DIN 11452-5 0.01 MHz … 1000 MHz, 220 V/m

Free field DIN 11452-2 80 MHz … 4000 MHz, 150 V/m

Overvoltage resistance 33 V

Isolation Housing and electronics are electrically isolated

Vibration resistance
Oscillation, sinusoidal IEC 60068-2-6

2 mm/5 Hz … 57 Hz 
30 g/57 Hz … 2000 Hz
10 cycles per axis

Oscillation, noise IEC 60068-2-64:2008 0.1 g2/Hz 
20 Hz … 2000 Hz

Shock resistance
Transport shock IEC 60068-2-27:2008 50 g/11 ms

3 x each direction (positive/negative)

Continuous shock IEC 60068-2-27:2008 40 g/6 ms
1000 x each direction (positive/negative)

Moisture resistance 95%
(25 °C … 55 °C)

Salt spray resistance DIN EN ISO 9227 240 h

For type of protection (EN 60529) when installed and plugged, 
see mating connector DT06-4S-EP04 IP67 and IP69K

Operating tempera-
ture range

Sensor zone -40 °C … +125 °C

Cable zone and connector -40 °C … +115 °C

Storage temperature range IEC 60068-2-1:2007, 
IEC 60068-2-2:2007 -40 °C … +50 °C

Pressure resistance of measuring surface 3 bar nominal, 10 bar maximum (momentary pressure peaks)

ROHS EU-RoHS2-compliant

Speed sensor  |  DSA
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Electrical connection

DEUTSCH connector DT04-4P
Pin Assignment

14

23

Pin Connection

1 Supply voltage UB

2 Weight GND

3 Frequency S1

4 Direction of rotation  D  (DSA1) / frequency  S2  (DSA2)

 	 The mating connector is not included in the scope of delivery.This 
can be supplied by Bosch Rexroth on request (see Chapter “Acces-
sories”)
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Dimensions

 

[mm]

⌀4.7±0.15

13
.220

.4

5.
2

⌀9.4±0.1

⌀10.25±0.03

13±0.1

⌀6.6
+0

.1

R7

±5°

12

⌀0.05

⌀0.02

⌀0.2

18.4 -0.1
+0.05

32 -0.1
+0.05

250±10

1500±50

L2

L1

b

r

B

A

A

B

              B

1

23

4

DEUTSCH DT04-4P
connector 

O-ring ⌀8.5 × 1
HNBR 70 Shore A

 

Shaft length L1

Cable length L2 

Tightening torque for mounting bolt: 
Maximum 10  Nm 
Recommended: 8 Nm±2 Nm
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Project planning information

Sample applications
Due to its compact, sturdy design, the sensor is suitable, 
for example, for integrated use with Rexroth axial piston 
units:
Various different BODAS controllers with application 

software are available for evaluating the DSA speed sensor. 
Further information can also be found on the Internet at 
www.boschrexroth.com/mobile-electronics.

Example
A6VM axial piston variable motor with mounted DSA speed 
sensor

Installation instructions

General instructions
▶	 The protective cap is to be removed before installa-

tion. The sensor must be handled with care to prevent 
damage to the front side.

▶	 When installing the sensor, the O-ring could be dama-
ged.

▶	 The sensor in not sensitive to oil and lubrication grease.
▶	 The sensor is ready for operation within 2 ms after the 

voltage supply is applied and outputs the frequency 
signal/frequency signals at the latest after two mechani-
cal flanks.

▶	 Once the internal calibration is complete (standard 3, 
maximum eight mechanical flanks), the phase shift bet-
ween S1 and S2 or the direction of rotation signal in the 
work area are also complete.

Ideal gear wheel
▶	 The gear wheel material must be magnetically soft. 
▶	 The following have been tested to date:

–	 non-alloy steel
–	 tempered steel
–	 Nitriding steel (e.g. St37, USt37, C45R, 

34CrAlMo5-10)

Notice
▶	 Function only approved with Rexroth axial piston unit. 

Deviating air gap and eccentricities can impede the 
function of the sensor. Consultation is therefore requi-
red before use in other applications.

DSA  |  Speed sensor
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Installation cavity

[mm]

⌀10.31+0.025

1.
8

8

x

15°
v

w
⌀0.15⊥ A

⌀10.31

0.1⁄⁄ A

A

v
=

v
=

Ra 3.2
Rmax16

w
=

w
=

Ra 25

x
=

x
=

Ra 3.2

(Tolerance specification 
is applicable for centering 
hole and general bore)

Middle axis of gear wheel
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Toothing data valid for basic number of teeth 48

    Nominal pressure permissible deviation

z Basic number of teeth 48    

t
Spacing > 4.1 mm  

Spacing optimal for 90° phase shift 6.3 mm  

tp Individual spacing deviation   ±4%

Tp Total spacing deviation   4%

A/t Ratio of tooth tip width to spacing A/t = 0.4 … 0.5 ±10%

dk Outside diameter 60 mm … 120 mm  

h Tooth height > 2.5 mm ±0.1 mm

A Width of tooth tip Calculated from A/t 10%

b Pulse wheel width > 5 mm  

α Pressure angle 0 … 20 ±1

Ra Radius at tooth tip < 0.3 mm (with A = 2 mm) … < 0.6 mm (with A = 6 mm)  

Rc Radius at tooth depth < 0.6 mm ±0.2 mm

  Tooth shape Rectangular and trapeze Other shape in agreement

Distance gear wheel to the sensor

Spacing Distance

4.1 mm … 6.3 mm 0.3 mm … 1.4 mm

6.3 mm … 10.0 mm 0.3 mm … 2.0 mm

>10.0 mm Case-by-case examination required

DSA  |  Speed sensor
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Gear wheel specifications

Material
The impulse wheels must be electrically conductive. The 
material should be magnetically soft. Machining steels, 
heat-treated steels and sintered steels have been tested to 
date (e. g. St37, 9SMn28, C45, GG20, GGG40, X8Cr17).

 

t

t

CA

h

Rc

αRa

dk

b

dodk dk

b
A

Rz 25

A

A A



Standard gear wheel

 

 
 

[mm]

12
0°

 (3
x)

13
9

1 
× 

45
°

6.
5

⌀
84

±0
.0

25

R1
0.

25
 ×

 4
5°

0.
5 

× 
45

°

⌀
30

H
7

7.5°

⌀44±0.1

⌀71±0.05

⌀79±0.025

⌀4.5 (3×)

5°±1°

R0.3±0.1

(6.3)

2.5±0.1
0

R0.2
–0.1

A

A

A‒A

Detail B

Detail E

Detail D

Detail BDetail E

Detail D

Start of erosion 
at teeth gap
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Information

Manufacturer confirmation of MTTFD DSA values 
The product meets the basic and proven safety require-
ments as per ISO 13849-2: 2008-09 such as they apply to 
the product.
 

The product has been developed according to ISO 13849-
1:2015 and ISO 13849-1:2008-12; however, it is not a 
safety component in the sense of the Machinery Directive 
2006/42/EC.

Constant temperature 
[°C]

MTTFD value 
[years]

  DSA1 DSA2

10 17733.8 17769.9

30 6505.3 6547.4

40 3874.7 3908.7

50 2301.8 2327.1

60 1369.1 1387.1

70 817.9 830.2

80 491.8 500.1

90 298.2 303.7

100 182.6 186.3

110 113.1 115.5

125 56.3 57.5

The specifications referred to in the table are valid under 
the following conditions:
▶	 Components are used under the responsibility of the 

user.
▶	 Specifications relating to installation and operating con-

ditions must be observed.
▶	 The user must take into account the requirements of 

ISO 13849-1:2015 (such as CCF, DC, software, systema-
tic errors).

▶	 In the interest of preventive maintenance, it is advisa-
ble to replace the components within the maximum 10 
years period of use.

▶	 The fundamental safety principles of ISO 13849-2 for 
implementing and operating the component must also 
be met.

▶	 The fundamental safety principles as per ISO 13849-2 
for implementing and operating the component must 
also be met for categories 1, 2, 3 or 4.

▶	 The components must be replaced only by spare parts 
that have the properties specified for the components 
being changed as a minimum.

DSA  |  Speed sensor
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Manufacturer confirmation of MTTFD DSA1 values

Ambient temperature 
of control unit [°C] Self-heating [°C] Temperature profile, operating time share [%]

    1 2 3 4 5 6 7 8 9 10 11 12 13​

10 5 1 1 1 1 1 0 0 0 0 0 0 0 0

30 5 2 2 2 2 1 0 0 0 0 0 0 0 0

40 5 3 3 3 3 1 0 0 0 0 0 0 0 0

50 5 4 3 3 3 1 100 0 0 0 0 0 0 0

60 5 5 3 3 3 1 0 100 0 0 0 0 0 0

70 5 6 3 3 3 1 0 0 100 0 0 0 0 0

80 5 79 85 3 3 1 0 0 0 100 0 0 0 0

90 5 0 0 82 3 1 0 0 0 0 100 0 0 0

100 5 0 0 0 79 92 0 0 0 0 0 100 0 0

110 5 0 0 0 0 0 0 0 0 0 0 0 100 0

125 5 0 0 0 0 0 0 0 0 0 0 0 0 100

MTTFD value [years] 
during operation

Electronics computed 573 552 346 219 195 2302 1369 818 492 298 183 113 56

4 hrs/day 3438 3312 2073 1313 1172 13811 8215 4907 2951 1789 1096 679 338

8 hrs/day 1719 1656 1037 656 586 6905 4107 2454 1475 895 548 339 169

16 hrs/day 860 828 518 328 293 3453 2054 1227 738 447 274 170 84

 	 Calculation using parts count method as per ISO 13849-1:2015 and SN29500-1, -2, -3, -4, incl. operating times as specified.

Manufacturer confirmation of MTTFD DSA2 values

Ambient temperature 
of control unit [°C] Self-heating [°C] Temperature profile, operating time share [%]

    1 2 3 4 5 6 7 8 9 10 11 12 13

10 5 1 1 1 1 1 0 0 0 0 0 0 0 0

30 5 2 2 2 2 1 0 0 0 0 0 0 0 0

40 5 3 3 3 3 1 0 0 0 0 0 0 0 0

50 5 4 3 3 3 1 100 0 0 0 0 0 0 0

60 5 5 3 3 3 1 0 100 0 0 0 0 0 0

70 5 6 3 3 3 1 0 0 100 0 0 0 0 0

80 5 79 85 3 3 1 0 0 0 100 0 0 0 0

90 5 0 0 82 3 1 0 0 0 0 100 0 0 0

100 5 0 0 0 79 92 0 0 0 0 0 100 0 0

110 5 0 0 0 0 0 0 0 0 0 0 0 100 0

125 5 0 0 0 0 0 0 0 0 0 0 0 0 100

MTTFD value [years] 
during operation

Electronics computed 583 561 352 223 199 2327 1387 830 500 304 186 116 58

4 hrs/day 3496 3368 2111 1339 1195 13963 8323 4981 3001 1822 1118 693 345

8 hrs/day 1748 1684 1056 669 598 6981 4161 2491 1500 911 559 347 173

16 hrs/day 874 842 528 335 299 3491 2081 1245 750 456 279 173 86

 	 Calculation using parts count method as per ISO 13849-1:2015 and SN29500-1, -2, -3, -4, incl. operating times as specified.
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Table Basic safety principle A1 Comment Manufacturer assessment

A.1.1
Use of suitable materials 
and appropriate manufac-
turing processes

Selection of the materials, manufacturing and treatment 
processes taking into consideration, e.g. tension, durability, 
elasticity, friction, wear, corrosion, temperature.

Verified by testing

A.1.2 Correct sizing and configu-
ration

Accounting for e.g. tension, expansion, fatigue, surface 
roughness, tolerances, snagging, manufacturing processes. Verified by testing

A.1.3

Suitable selection, com-
bination, arrangement, 
assembly and installation of 
the components/system

Consideration of the manufacturer's application instruc-
tions, e.g. catalog sheets, installation instructions, speci-
fications, as well as application of proven technical expe-
rience with similar components/systems.

User follows installation instructions. 
Corresponding documentation in the data 
sheet.

A.1.4 Application of the principle 
of energy separation

Safe state is achieved by disconnecting from energy. See 
authoritative shutdown procedure in ISO 12100:2010, 
6.2.11.3. 
Energy is required to initiate movement in a mechanism. 
See authoritative start-up procedure in ISO 12100:2010, 
6.2.11.3. 
Accounting for various operating states, e.g. operating 
mode, maintenance mode. 
IMPORTANT - This principle should not be applied if a loss 
of power would cause a hazard, e.g. loss of clamping force 
releases tool.

The sensor stores no energy that must be 
disconnected. Application of the principle 
of energy separation at higher system le-
vel may be necessary.

A.1.5 Adequate mounting

Manufacturer's application instructions must be observed 
when using screw locks. An appropriate torque limitation 
method can be used to prevent excessive stress and to 
achieve adequate resistance to prevent the connection 
from loosening.

User follows installation instructions. 
Corresponding documentation in the data 
sheet.

A.1.6
Limitation of the generati-
on and/or transmission of 
force and like parameters

Examples include shear pin, shear plate, torque limiting 
coupler. 
IMPORTANT - This principle should not be applied if the 
continued integrity of the components is essential for main-
taining the necessary level of control.

The sensor neither generates nor trans-
mits force or like parameters.

A.1.7 Limitation of the range of 
environmental parameters

Temperature, air humidity and contamination at the ins-
tallation location are examples of these parameters. See 
ISO 13849-2:2003, Section 10 and the manufacturer's 
application instructions.

The sensor meets the specifications 
according to the data sheet. The user 
must ensure that these conditions are 
not exceeded. The data sheet must be 
observed.

A.1.8 Limitation of speed and 
similar parameters

Observe the speed, acceleration and deceleration that are 
required by the application.

This must be done in the higher-level sys-
tem.

A.1.9 Adequate reaction time
Observance of, e.g. reduction of spring force, friction, lubri-
cation, temperature, inertia during acceleration and decele-
ration, combination of tolerances.

The sensor contains no mechanical parts 
with reaction time.

A.1.10 Protection against unexpec-
ted start-up

Accounting for unexpected start-up caused by stored ener-
gy and after reestablishment of energy supply for different 
operating states, such as operating mode, maintenance 
mode, etc. 
A special mechanism for discharging stored energy may be 
necessary.  
Special applications, e.g., for saving energy for clamping 
device or for ensuring of a position have to be considered 
separately.

The sensor itself cannot produce any un-
expected start-up. The higher-level system 
must be designed to prevent unexpected 
start-up.

DSA  |  Speed sensor
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Table Basic safety principle A1 Comment Manufacturer assessment

A.1.11 Simplification Avoidance of unnecessary components in safety-related 
systems.

The sensor is kept as mechanically simple 
as possible, there are no moving parts. 
The sensor possesses no mechanical saf-
ety function.

A.1.12 Isolation Isolation of safety-related functions from other functions. The sensor must perform no mechanical 
safety function.

A.1.13 Adequate lubrication Observance of the necessity of lubrication mechanisms, 
specifications on lubricants and lubrication intervals. The sensor must not be lubricated.

A.1.14 Adequate protection to 
keep out fluids and dust Observance of IP type of protection (see IEC 60529). Verified by testing

Speed sensor  |  DSA
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Table Proven safety principle A2 Comment Manufacturer assessment

A.2.1
Use of carefully selected 
materials and manufacturing 
processes

Selection of suitable materials for the application, as well 
as appropriate manufacturing and treatment processes. Verified by testing

A.2.2 Use of components with 
defined failure behavior

The predominant failure behavior of a component is 
known in advance and is consistent. See ISO 12100:2010, 
6.2.12.3.

Not relevant since the sensor has no 
electronic function and must exhibit no 
mechanical failure behavior.

A.2.3 Oversizing/ safety factor
The safety factors specified in the standards or based 
on experience with safety-related applications should be 
applied.

No mechanical function requiring over-
sizing.

A.2.4 Secured position

The mobile element of the component is mechanically held 
in a secure position (friction alone is insufficient). 
The application of force is required for movement out of 
the secured position.

The sensor is screwed down and has no 
mechanical moving parts. Specifications 
are noted in the data sheet.

A.2.5 Increased OUT force A safe position/safe state is achieved by increasing the OUT 
force in relation to the IN force. Not relevant for the sensor.

A.2.6

Careful selection, combina-
tion, arrangement, assem-
bly and installation of the 
components/systems for the 
relevant application

-/-
Observance of the specifications for 
installation and intended use, as well as 
documentation in the data sheet.

A.2.7
Careful selection of the 
mounting type for each 
application

Avoidance of mounting by friction only. The sensor is fastened in place. Specifi-
cations are noted in the data sheet.

A.2.8 Positive mechanical action

In order to achieve positive mechanical action, all mechani-
cal moving parts necessary for performing the safety func-
tion must also move connected components, e.g. a trip that 
directly opens the contacts of an electric switch instead of 
a spring-based connection (see SO 12100:2010, 6.2.5).

The sensor is screwed down and has no 
mechanical moving parts.

A.2.9 Multiplication of parts
Reduction in the impact of failures by using several parts of 
the same type that act in parallel, e.g., the failure of one of 
many springs does not result in a hazardous state.

No mechanical function requiring redun-
dant parts

A.2.10 Use of proven springs

A proven spring requires: 
■ the use of carefully selected materials, manufacturing 
processes (e. g. static and dynamic setting before use) and 
treatment processes (e. g. rolling and shot-blasting) 
■ a sufficient guide for the spring  
■ a sufficient safety factor for continuous use (i. e. high 
probability of no breakage) 
Proven compression springs can also be designed with: 
■ the use of carefully selected materials, manufacturing 
processes (e. g. static and dynamic setting before use) and 
treatment processes (e. g. rolling and shot-blasting) 
■ a sufficient guide for the spring 
■ a distance between the coils for unloaded springs that is 
smaller than the wire diameter 
■ sufficient force maintained after breakage or after several 
breakages (i. e. breakage/breakages does/do not result in a 
hazardous state). 
NOTE: Compression springs are preferred.

The sensor requires no springs or similar 
for proper function.  
Not applicable to the sensor.
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Table Proven safety principle A2 Comment Manufacturer assessment

A.2.11 Reduced range of speed and 
similar parameters

Setting the required limitation depending on experience 
and the respective application. Examples include shear pin, 
shear plate and torque limiting coupler. 
IMPORTANT - This principle should not be applied if the 
continued integrity of the components is essential for main-
taining the necessary level of control.

The sensor generates and stores no 
force or similar parameters. Not appli-
cable to the sensor.

A.2.12 Reduced speed range and 
similar parameters

Set the required limitation depending according to expe-
rience and the respective application. Examples include 
centrifugal governor, secure monitoring of speed and travel 
limitation.

If necessary, this must be done in the 
higher-level system. Not applicable to the 
sensor.

A.2.13 Reduced environmental para-
meters range

Determining the necessary limitations. Examples are tem-
perature, air humidity and contamination during installati-
on. ISO 13849-2:2003, observe section 10 and the manu-
facturer's application instructions.

Observance of the specifications for 
installation and intended use, as well as 
documentation in the data sheet. The 
sensor meets the specifications accor-
ding to the data sheet. The user must 
ensure that these conditions are not 
exceeded.

A.2.14 Reduced reaction time range, 
hysteresis limitation

Determination of the necessary limitations. Observance of, 
e. g. reduction of spring force, friction, lubrication, tempe-
rature, inertia during acceleration and deceleration, combi-
nation of tolerances.

The sensor contains no mechanical parts 
with reaction time.
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Table Basic safety principle D1 Comment Manufacturer assessment

D.1.1
Use of suitable materials 
and manufacturing proces-
ses

Selection of the materials, manufacturing and treatment 
processes with consideration to, e.g. tension, durability, 
elasticity, friction, wear, corrosion, temperature, conduc-
tivity, mechanical strength of the insulating materials.

Verified by testing

D.1.2 Correct sizing and shape Accounting for, e.g., tension, expansion, fatigue, surface 
roughness, tolerances, manufacturing processes. Verified by testing

D.1.3

Suitable selection, combi-
nation, arrangement, as-
sembly and installation of 
the components/system

Following the manufacturer's application instructions, e.g., 
catalog sheets, installation instructions, specifications, as 
well as application of proven technical experience.

Instructions for installation and intended 
use are described in the data sheet.

D.1.4 Correct protective conduc-
tor connection

One side of the control circuit, one terminal of each elec-
tromagnetically actuated device or one terminal of other 
electric devices is connected to a protective conductor (see 
IEC 60204-1:2005, 9.4.3.1).

The sensor possesses no protective con-
ductor connection, thus not applicable to 
this sensor.

D.1.5 Insulation monitoring

A mechanism for monitoring insulation should be used that 
either indicates a ground fault or automatically interrupts 
the circuit following a ground fault (see IEC 60204-1:2005, 
6.3.3).

There is no mechanism for monitoring 
insulation, thus not applicable to this 
sensor

D.1.6 Application of the principle 
of energy separation

A safe state is achieved by disconnecting all important 
equipment from the energy source, e.g., by using a nor-
mally closed (NC) contact for inputs (contact and position 
switches) and a normally open (NO) contact for relays (see 
also ISO 12100:2010, 6.2.11.3). 
Exceptions can be made in some cases, e.g. if a failure of 
the electrical supply presents an additional hazard.  
Time-delaying functions may be necessary to ensure that a 
safe state of the system is achieved (see IEC 60204-1:2005, 
9.2.2).

The sensor is a mechanism whose energy 
must be separated from the higher-level 
system. The sensor itself powers no com-
ponents.

D.1.7 Suppression of voltage 
peaks

A mechanism for suppressing voltage peaks (RC element, 
diode, varistor) should be used parallel to the applied load 
but not parallel to the contacts. 
NOTE: The switch-off time is increased by a diode.

Verified by testing

D.1.8 Reduction in response time Minimization of delay when switching off components used 
for switching.

The sensor has a minimal delay that is 
shorter than the maximum scannable rota-
tional speed frequency.

D.1.9 Compatibility Use of components that are suitable for the voltages and 
currents used.

Component specifications correspond 
to the required specifications in the data 
sheet.

D.1.10 Resistance to environmen-
tal stresses

Design of mechanisms so that they can function in all 
expected operating environments and in unfavorable 
conditions, e.g. temperature, humidity, vibration and elec-
tromagnetic interference (EMI) (see ISO 13849-2:2003, 
Section 10).

The sensor meets the specifications ac-
cording to the data sheet. The user must 
ensure that these conditions are not 
exceeded.
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Table Basic safety principle D1 Comment Manufacturer assessment

D.1.11 Secure mounting of input 
devices

The input devices are to be secured (e.g. with locking 
switches, position switches, marginal switches, proximity 
switches) so that the position, orientation and switch to-
lerances are observed under all expected conditions, e.g. 
vibration, standard wear, intrusion of foreign particles, tem-
perature. See ISO 14119:2013, section 5.

The sensor is fastened to the mechanism 
with screws. This must be ensured by the 
user. The data sheet must be observed.

D.1.12 Protection against unex-
pected start-up

Protection of unexpected start-up, e.g., after restoring the 
energy supply (see ISO 12100:2010, 6.2.11.4, ISO 14118, 
IEC 60204-1).

The sensor itself cannot produce any un-
expected start-up. The higher-level system 
must be designed to prevent unexpected 
start-up.

D.1.13 Protection of the control 
circuit

The control circuit should be protected in accordance with 
IEC 60204-1:2005, 7.2 and 9.1.1.

The sensor is not required to protect con-
trol circuit function. The sensor itself is 
only a consumer and is powered by the 
control circuit.

D.1.14

Use of sequential switching 
for circuits with series 
connections of redundant 
signals

To prevent the common cause failure of both contacts du-
ring welding, no simultaneous switching on and off occurs, 
thereby ensuring that one contact always operates without 
power.

This must be done in the higher-level 
system. The sensor must not meet this 
requirement.
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Table Proven safety principle D3 Comment Manufacturer assessment

D.3.1 Contacts with positive  
mechanical connection

Use of contacts with positive mechanical connection, e.g., 
for monitoring function in Category 2, 3 and 4 systems (see 
EN 50205, IEC 60947-4-1:2001, Appendix F, IEC 60947-5-
1:2003 + A1:2009, Appendix L).

The sensor possesses no contacts with 
positive mechanical connection, thus 
not applicable to this sensor.

D.3.2 Avoidance of faults in cables

To avoid short circuits between two adjacent lines, either: 
■ Use cables with shielding that is connected to the 
protective conductor system on every single line. 
■ Use a protective conductor between all signal lines in flat 
cables

The sensor cable must be placed by the 
user in such a way that this requirement 
is met.

D.3.3 Distances between electrical 
conductors

Use of sufficient distance between terminals, components 
and lines to prevent any unintentional connections

The sensor cable must be placed by the 
user in such a way that this requirement 
is met.

D.3.4 Energy limitation A capacitor is to be used to supply a limited amount of 
energy, e.g., when using a time cycle control.

This must be taken into account by the 
user in the higher-level system. The data 
sheet must be observed.

D.3.5 Limitation of electrical  
parameters

Limiting of the voltage, current, energy or frequencies in 
order to restrict movement, e.g. by torque limitation, off-
set/time-limited running and reduced speed to prevent any 
unsafe condition.

This must be taken into account by the 
user in the higher-level system. The data 
sheet must be observed.

D.3.6 Prevention of undefined  
conditions

Undefined conditions in the control system should be avoi-
ded. The control system must have a structural design that 
enables all expected control system operating conditions, 
e.g. output/outputs, to be predetermined.

This must be taken into account by the 
user in the higher-level system. The 
sensor does not represent the control 
system.

D.3.7 Positive actuation mode

Direct actuation is transferred by positive fit (not by trac-
tion) without elastic elements, i.e., no use of springs bet-
ween the actuator and contacts (see ISO 14119:2013, 5.1, 
ISO 12100:2010, 6.2.5).

Not applicable to this sensor since it 
possesses no positive actuation mode.

D.3.8 State switchover in event of 
failure

If possible, all mechanisms/circuits should transition to a 
safe state or be safe to operate.

See separate table below for DSA1 and 
DSA2.

D.3.9 Directed failure
If feasible, components or systems should be used whose 
failure type is known in advance (see ISO 12100:2010, 
6.2.12.3).

See separate table below for DSA1 and 
DSA2.

D.3.10 Oversizing

Components that are used in protection circuits should be 
underloaded, e.g., by: 
■ the current that runs through the switch contact and that 
should be less than half of the nominal current 
■ the switching frequency of the components that should 
be less than half of the nominal switching frequency 
■ the total number of circuits expected, which is no more 
than 10% of the number of circuits for which this electrical 
mechanism is designed. 
NOTE: Under-loading may depend on practical design.

The sensor and the components it con-
tains are over-sized. All components 
have a higher electrical and temperature 
specification than required for the range 
of applications in the data sheet.
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Table Proven safety principle D3 Comment Manufacturer assessment

D.3.11 Reduction of possible faults Separation of safety-related functions from other ones.

The sensor is kept as simple as pos-
sible and is not more complex than 
necessary. The direction of rotation and 
the rotational speed (DSA1) are run out 
separately in two lines. The DSA2 con-
tains two separate lines for both rotatio-
nal speed signals.

D.3.12 Balance between complexity/
simplification

A balance should be struck between: 
■ The complexity of the devices in order to achieve better 
control.  
■ The simplification of the devices in order to improve their 
reliability.

The sensor is kept as simple as pos-
sible and is not more complex than 
necessary.
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DSA1

Component Output 1 (F1) failure mode Output 2 (direction of rotation) failure mode

Voltage regulator for Hall IC supplies 0 V Low level Low level

Voltage regulator for Hall IC is high resistance Low level Low level

Voltage regulator for capacitors is low re-
sistance Low level Low level

D flip-flop faulty High level or low level, not specified by 
manufacturer

High level or low level, not specified by manufac-
turer

Hall IC faulty High level or low level, not specified by 
Hall IC manufacturer

High level or low level, not specified by Hall IC 
manufacturer

Output Driver 1 (F1) faulty Not determined, not specified by output 
driver manufacturer Normal function

Output Driver 2 (direction of rotation) faulty Normal function Not determined, not specified by output driver 
manufacturer

Double diode output (direction of rotation) 
faulty Normal function

Positive direction diode is high resistance: high 
level preset by load/voltage divider 
Negative direction diode is high resistance: low 
level preset by load/voltage divider 
Positive direction diode is low resistance: Short-
circuit detection by control unit1) 
Negative direction diode is low resistance: Short-
circuit detection by control unit1)

EMC measures on Output 1 (F1) Overvoltage 
diode is low resistance Low level Normal function

EMC measures on Output 2 (direction of 
rotation) Overvoltage diode is low resistance Normal function Low level

EMC measures on supply voltage Overvoltage 
diode is low resistance

Output level is preset by external load/
voltage divider (line breakage)

Output level is preset by external load/voltage 
divider (line breakage)

EMC measures on Output 1 (F1) Capacitor is 
low resistance Low level Normal function

EMC measures on Output 2 (direction of rota-
tion) Capacitor is low resistance Normal function Low level

EMC measures in supply voltage Capacitor is 
low resistance

Output level is preset by external load/
voltage divider (line breakage)

Output level is preset by external load/voltage 
divider (line breakage)

EMC measures in supply voltage Ferrite is 
high resistance

Output level is preset by external load/
voltage divider (line breakage)

Output level is preset by external load/voltage 
divider (line breakage)

EMC measures on Output 1 (F1) Ferrite is 
high resistance

Output level is preset by external load/
voltage divider (line breakage) Normal function

EMC measures on Output 2 (direction of 
rotation) Ferrite is high resistance Normal function Output level is preset by external load/voltage 

divider (line breakage)

1)	 If the control unit supports this feature, otherwise normal function
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DSA2

Component Output 1 (F1) failure mode Output 2 (F2) failure mode

Voltage regulator for Hall IC supplies 0 V Low level Low level

Voltage regulator for Hall IC is high resistance Low level Low level

Voltage regulator for capacitors is low re-
sistance Low level Low level

Hall IC faulty High level or low level, not specified by Hall IC 
manufacturer

High level or low level, not specified by Hall IC 
manufacturer

Output Driver 1 (F1) faulty Not determined, not specified by output dri-
ver manufacturer Normal function

Output driver 2 (F2) faulty Normal function Not determined, not specified by output dri-
ver manufacturer

EMC measures on Output 1 (F1) Overvoltage 
diode is low resistance Low level Normal function

EMC measures on Output 2 (F2) Overvoltage 
diode is low resistance Normal function Low level

EMC measures on supply voltage Overvoltage 
diode is low resistance

Output level is preset by external load/voltage 
divider (line breakage)

Output level is preset by external load/voltage 
divider (line breakage)

EMC measures on Output 1 (F1) Capacitor is 
low resistance Low level Normal function

EMC measures on Output 2 (F2) Capacitor is 
low resistance Normal function Low level

EMC measures in supply voltage Capacitor is 
low resistance

Output level is preset by external load/voltage 
divider (line breakage)

Output level is preset by external load/voltage 
divider (line breakage)

EMC measures in supply voltage Ferrite is 
high resistance

Output level is preset by external load/voltage 
divider (line breakage)

Output level is preset by external load/voltage 
divider (line breakage)

EMC measures on Output 1 (F1) Ferrite is 
high resistance

Output level is preset by external load/voltage 
divider (line breakage) Normal function

EMC measures on Output 2 (F2) Ferrite is 
high resistance Normal function Output level is preset by external load/voltage 

divider (line breakage)



Accessories

Mating connector

Designation Number Ordering details

Housing 1 DT06-4S-EP04

Wedge 1 W4S

Sockets 4 0462-201-16141

 	 The mating connector is not included in the scope of delivery. This 
can be supplied by Bosch Rexroth on request.
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Safety Instructions

General instructions
▶	 Before finalizing your design, request a binding installa-

tion drawing.
▶	 The proposed circuits do not imply any technical liability 

for the system on the part of Bosch Rexroth.
▶	 Opening the sensor or carrying out modifications to or 

repairs on the sensor is prohibited. Modifications or 
repairs to the wiring could lead to dangerous malfunc-
tions.

▶	 The sensor may only be assembled/disassembled in a 
deenergized state.

▶	 Only trained and experienced specialists who are ade-
quately familiar with both the components used and 
the complete system should implement system develop-
ments or install and commission electronic systems for 
controlling hydraulic drives.

▶	 When commissioning the sensor, the machine may pose 
unforeseen hazards. Before commissioning the system, 
you must therefore ensure that the vehicle and the 
hydraulic system are in a safe condition.

▶	 Make sure that nobody is in the machine’s danger zone.
▶	 Do not use defective components or components not 

in proper working order. If the sensor should fail or 
demonstrate faulty operation, it must be replaced.

▶	 Despite every care being taken when compiling this 
document, it is not possible to consider all feasible 
applications. If instructions for your specific application 
are missing, you can contact Bosch Rexroth.

▶	 The use of sensors by private users is not permitted, 
since these users do not typically have the required level 
of expertise.

Notes on the installation location and position
▶	 Do not install the sensor close to parts that generate 

considerable heat (e.g., exhaust).
▶	 Lines are to be routed with sufficient distance from hot 

or moving vehicle parts.
▶	 A sufficient distance to radio systems must be maintai-

ned.

▶	 Before electric welding and painting operations, the sen-
sor must be disconnected from the power supply and 
the sensor connector must be removed.

▶	 Cables/wires must be sealed individually to prevent 
water from entering the sensor.

Notes on transport and storage
▶	 Please examine the sensor for any damage which may 

have occurred during transport. If there are obvious 
signs of damage, please inform the transport company 
and Bosch Rexroth immediately.

▶	 If it is dropped, the sensor must not be used any longer, 
as invisible damage could have a negative impact on 
reliability.

Notes on wiring and circuitry
▶	 Lines to the sensors must be designed so that they are 

as short as possible and shielded. The shielding must 
be connected to the electronics on one side or to the 
machine or vehicle ground via a low-resistance connec-
tion.

▶	 The sensor mating connector must only be plugged and 
unplugged when it is in a deenergized state.

▶	 The sensor lines are sensitive to spurious interference. 
For this reason, the following measures should be taken 
when operating the sensor:
–	 Sensor lines should be attached as far away as pos-

sible from large electric machines.
–	 If the signal requirements are satisfied, it is possible 

to extend the sensor cable.

▶	 Lines from the sensor to the electronics must not be 
routed close to other power-conducting lines in the 
machine or vehicle.

▶	 The wiring harness should be fixated mechanically in 
the area in which the sensor is installed (spacing < 
150 mm). The wiring harness should be secured so that 
in-phase excitation with the sensor occurs (e.g. at the 
sensor mounting point).

▶	 If possible, lines should be routed in the vehicle interior. 
If the lines are routed outside the vehicle, make sure 
that they are securely fixed.

▶	 Lines must not be kinked or twisted, must not rub 
against edges and must not be routed through sharp-ed-
ged ducts without protection.
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Intended use
▶	 The sensor is designed for use in mobile working machi-

nes provided no limitations/restrictions are made to 
certain application areas in this data sheet.

▶	 Operation of the sensor must generally occur within the 
operating ranges specified and approved in this data 
sheet, particularly with regard to voltage, temperature, 
vibration, shock and other described environmental 
influences.

▶	 Use outside of the specified and approved boundary 
conditions may result in danger to life and/or cause 
damage to components which could result in sequential 
damage to the mobile working machine.

▶	 Serious personal injury and/or damage to property may 
occur in case of non-compliance with the appropriate 
regulations.

Improper use
▶	 Any use of the sensor other than that described in the 

chapter "Intended use" is considered to be improper.
▶	 Use in explosive areas is not permitted.
▶	 Damages which result from improper use and/or from 

unauthorized, unintended interventions in the device 
not described in this data sheet render all warranty and 
liability claims with respect to the manufacturer void.

Use in safety-related functions
▶	 The customer is responsible for performing a risk analy-

sis of the mobile working machine and determining the 
possible safety-related functions.

▶	 In safety-related applications, the customer is respon-
sible for taking proper measures to ensure safety (sen-

sor redundancy, plausibility check, emergency switch, 
etc.).

▶	 Product data that is required to assess the safety of the 
machine is included in this data sheet.

Further information
▶	 Further information about the sensor can be found at 

www.boschrexroth.de/mobilelektronik.
▶	 The sensor must be disposed of in accordance with the 

national regulations of the country in which it is used.
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