Flexibles Testsystem
fur automatische Hardware-in-the-Loop-ECU-Tests
fur Hydrauliksteuerungen
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1. Wer sind wir ?

Name: Malte Krebs

Tatigkeit: System-Software-Ingenieur bei der
Sauer-Danfoss GmbH & Co. OHG
am Standort Neumunster

Verantwortlich u.a. fur die Betreuung des
ECU-Priifstandes fiir den automatischen Kernel-Test
unter Verwendung des von A.M.S. entwickelten
APAS-Testsystems
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1. Wer sind wir ?

Name: Klaudius Pinkawa, A.M.S. S oftware GmbH
CLD (Certified LabVIEW Developer)

Tatigkeit:  Software-Entwicklung mit LabVIEW
Hier: APAS-Konzept und -Implementierung

R B A A

5 L = i _—
\ \ & 3

Software GmbH
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2.1 Wer ist Sauer-Danfoss_g)sDﬁl[{lEFRst

* Einer der weltweit grof3ten Hersteller und Lieferanten in

der Mobilhydraulik

* ca. 9.000 Mitarbeiter weltweit (ca. 1.000 davon in D)
* Produktionsstandorte auf allen Kontinenten

* Software-Entwicklung fir Embedded Systems u.a. in
Neumunster (Schleswig-Holstein)
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2.1 Werist Sauer-Danfoss ?

Axialkolbenpumpen

15@9? ﬁj&

?3’?‘45?‘

Hydrostatisc he
Antriebs-
technik




2.1 Werist Sauer-Danfoss ?

enkungskomponenten Elektrische Antriebe
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2.2 PLUS+1: Uberblick

4 )

Introducing
Customizing Control For Your Mobile Machinery
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2.2 PLUS+1: Uberblick

Laptap

PO DP&00 Graphical Terminal
rnrdsl:lﬁware For machine B Customizable user displays
tnu?_mll';génd diagnostics = Highly visible day or night

Interface

diagnestics

cAN-Based Jaysticks
Communication, B Customizable Imerface
soltiors

u Multiple grp &

Microcontrollers & 'O Modules actuation options

W Easlly scaled to machine
requirements

B Stackable Ina small space

24-Pin Microcontroller

L — B Flexible mountin
--‘“-_\-‘-""--._ optlors 3
b —=.__ WrRefable desgn
— o
e

12-Pin 170 module £,

u Expandable network
archmactu re

B Cost-effective contmol
soltions

50-Pin Microcontroller
m powerful D5P-based
m Flexible 1O drouttry
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2.2 PLUS+1: Uberblick

PLUS +1 Steuergerate

24

Pins:
* MC24-10
* MC24-20

* MC24-21 .
* OX24-10 88 Pins:
* MC88-15

12 Pins:

*MC12-10 |
* 10X12-10
» 0X12-10

50 Pins:

* MC50-10
* MC50-18
* MC50-20
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2.2 PLUS+1: Uberblick

MF-OQutputs CAN-Ports AT;E{:E;’IE
} Modularer Aufbau von

""""""" PLUS+1 Hard- und Software
Extended
MF-Inputs -~ Analogue

Inputs
Steuerung durch DSP von
____________ Texas Instruments

Digital Digital Extended
Qutputs Inputs MF-Inputs
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2.2 PLUS+1: Uberblick

Grofie Funktionsvielfalt einzelner 1/0-Gruppen

B eis piel: ein typischer Eingang kann konfiguriert werden

— als digitaler Eingang (high/low)

— als analoger Eingang (Spannungs-, Strom, - und

Widerstandsmessung)
— Pulszahler

— zur Frequenz- und Duty-Cycle-Messung
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2.3 Motivation fur automatisches
Testen

 Arten- und Funktionsvielfalt der PLUS+1 Produkte hat
sehr viele unterschiedliche Testszenarien zur Folge

* ein kompletter Test ,per Hand" dauert ca. funf Tage

* Menschen machen Fehler
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2.3 Motivation fur automatisches
Testen

Automatisches Testen hat viele Vorteile:

hohe Reproduzierbarkeit
* automatische und ausfuhrliche Protokollierung
* ein Test dauert nun nur noch 1 - 2 Stunden

* Test wird gestartet und lauft selbststandig durch
—> Zeitersparnis von fast 100%

* ca. 12.000 verschiedene Testfalle fur die MC50-10
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3.1 Anforderungen an das
Testsystem

Flexibilitat

Automatischer Ablauf der Tests (Zeitersparnis!)

Modularer Aufbau und Skalierbarkeit

Vollstandige Umsetzung der Testspezifikation
(>12k Testfalle!)

Simulation der Umgebung fur den DUT (HIL)
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3.2 HIL-Testkonzept

Software GmbH

Input Testing § § Qutput Testing

APAS
Test Software

T

check via CAN set output

commands via CAN

L

Test Device | Device | set requested output Test
Hardware under Test | under Test Hardware
HIL Test Concept

¢ Stimulation der Input-Pins Uber Test-Hardware : Test des ECU-Response uber CAN
* Stimulation der Output-Pins tGber CAN : Test des ECU-Response Uber Test-Hardware
* Realisierung mittels APAS-Software von A.M.S

h1 E SAUER 5. Automotive-Technologietag in Wolfsburg
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3.3 APAS -Konzept

Software

K",
GmbH

APAS-Hauptprogramm (LabVIEW)

A I
AMSL-Skriptinterpreter
APAS-Exe VI Server i -+
v
Manuelle Priifskripte Parameterlisten Ergebnisse
Bedienung Limitlisten
! !

Treiber (LabVIEW, DLL...)

Projektspezifische Komponenten

t

v

Hardware (PXI, PCI, GPIB, CAN...)

Ll ©3AFoss
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3.4 APAS -Hardware

Software GmbH

*  PC mit MXI-Controller

19"-Rackwith glas door, 25 HU, BrHxT ~ B00x1200x2300

Main Power and Fuse Switches {3 HU)

* 14 PXI-Komponenten von NI

19" TFT-Monitor

RCA (2HU) und Pickering
IO - Adapter Terminal (3HU) ; :
—p{ DRC-50-Connectors I LEES 1E;D lires: o .
P -L P—— . | * Eine externe Spannungsquelle
Cabel Channel (2HU) :
— bestton | (Toellner 80V/50A)

: RCA ResistoriCail Array ——
. | * NI-MATRIX 128x8 ==
| PPHE-1044 14 Slot-PrEI-Chassis i . .
Cabel Channel (2ZHU) 1 s PRI-E33 PEI-mX1-4-Controller i
i | PHI-2532 512 Crosspoints Matrix Switch : F I eXI b I e Ve rbl n d u n g e n
Mz i } PKI-2532 512 Crosspoints Metrix Switch ; J eder m it J ed em ¢
i PXI-5112  2-Channel 100 MHz Scope .
Lr Power Supply TOE 8872-80 (3HU) i P OPML4O71 6172 Digits Fles Dhbd : »
‘—l | POPHL410 D Poweer Supply :
' i PXl-8462  PXI-CAN-Controller
' LY 5 0| PSR Peammaio resi |
L P 3 - Fogrammanie esistor i 5 . .
P | PHI-41-850 “oltage Amplifier i ®
‘ J S oo oteoe A | Anbindung unterschiedlicher
btiee| © " a : i PRIH0-156  Power Switch ! == =
; Selb AL T | P rowsrswien | Priflinge mittels Adapterkabel
/ 5 i PRI0-158 Power Switch § .
Spare (1THU) : : Powver Supply Tollner TOE 8872-80 E (m aX' 1 OO I/O- PI nS)
o O . 19"-Test-PC :
b 1 PC-E33 PCI-hX1-4-Cortroller
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3.4 APAS -Hardware

Snlt‘ware GmbH

SAUEI

ANFOSS-PLUS1: TEST HARDWARE

Measurement Devices | System |

[ DMM

el

DMM.Read value
35,0~

i | Foto EReY |

|
3450,6

2,245E+1

DMM.Function

#pc Vol |

COMNECTION
¥ Pin as for PLUS1
Pin to connect

C1p3s -

Connection Name
) DMMRIoadGND

[V Connection State

 READ Variable|

Pin Variable

7 CCONNECTION. SetConnection l

MATRIX | SWITCH + POWER Relay

Matrix A - Bx64.

[m] M1.R01.EQP.DMM Pow
M1.RO2.EQP.DMM Pouzer-
M1.RD3.EQP.DMM Sense+
141.R04.EQP.CMM Sense-
M1.RO5.EQP.SCOPE Channel 1
M1.ROE.EQP.SCOPE Channs! 2
M1.RO7.EQP.SCOPE Trigger
H41.ROB.fr
(] HM1.R05.EQP.RESISTORL IN
] #1.R10.EQP.RESISTORL OUT
M1R11.EQP.RESISTORZ IN
M1R1ZEQP.RESISTORZ OUT
MLR1LEQP.MIO A0
M1LR14.EQP.MIO DOO
M1.R15.EQP.MIO DID
M1LR16.EQP.AMP AOD
M1R17.EQP.AMD AOL

DMM.Range
40

MLRIE.EQP.AMP AO2
MLRIS,EQP.AMP AD3
MLR20.fr

M1.RZ1LEQP.DCSOURCE +

[~ TOE8871 VDD- SUPPLY
TOEB871.Voltage (A) TOE8871.Current (A)
15 20 25 4 6
T %
0 (1]

5

M1,R22,EQP.DCSOURCE -
M1,R23,DUT.CON1-05
M1,R24,DUT.CON1-06
M1.R25.DUT.CON1-07
M1,R26.DUT.CON1-08
MLR27.DUT.CON1-09
M1,R2E.DUT.CONL-10
MLR29,DUT.CONI-11
M1.R30,DUT.CON1-12

¢ 12000 V ¢ 0,500 A

M1R3LDUT.CON1-13
M1.R32.DUT.CON1-14
M1R33.DUT.CONL-15
M1,R34,DUT.CONL-16

AE“VB‘E? an SetTOESS71 I

MLRIE.DUT.CONL-17
MLR3E.DUT.CONI-18
MLR37.DUT.CON1-15

— DCSOURCE

DCSOURCE. Voltage (1)
1520 25
5 e S ?
DCSOURCE. Activate ON

0 g 40

M1.R38,DUT.CON1-22
M1,R35,DUT.CON1-23
M1.R4D.DUT.CON1-24
MLR41.DUT.CON1-25
M1,R42,DUT.CONL-26
M1,R43.DUT.CON1-27
M1R44,DUT.CON1-28
M1.R45,DUT.CON1-25

M1,R43,DUT.CONL-33

4 36,000 V

Set SOURCEZ I

M1,RE0,DUT.CON1L-34
MLREL.DUT.CON1-35
M1.RE2,DUT.CON1-36
M1,R53,DUT.CON1-37

— RESISTOR CARD

[mm] M1.R54,DUT.CON1-38
HM1.R55.DUT.CON1-33
M1.RS6.DUT.CONL-40

RESISTROR.Resistance (Ohm)

42200 | Set Resistor l

MLRS7.DUT.CONL-41
M1,REE,.DUT.CON1-42
MLRES,DUT.CON1-43

MLRED.DUT.CON1-44

M1.R61,DUT.CON1-45
M1.R62.DUT.CON1-45
M1R63.DUT.CON1-02
T M1.Re4.0UT.CONL-0L

Matrix B - Bx64

M2,R01,DUT.CON2-01

M2.R02.DUT.CON2-02

M2,R03,DUT.CONZ-03

M2,R04,DUT.CONZ-04

M2,R0,DUT.CON2-05

M2,R06.DUT.CONZ-06

M2,R07.DUT.CON2-07

M2,R08,DUT.CON2-08

M2,R05,DUT.CON2-09

M2.R10.DUT.CON2-10

MZ,R11,DUT.CONZ-11

M2,R12.DUT.CONZ-12

M2,R13.0UT.CON2-13

M2,R14,DUT.CON2-14

M2,R15,DUT.CON2-15

M2.R16,DUT.CON2-16

M2.R17.0UT.CON2-17

M2,R18,DUT.CONZ-16

MZ,R13.DUT.CONZ-19

M2,R20,DUT.CON2-20

M2,R21,DUT.CON2-21

M2,R22,DUT.CON2-22

M2,R23,DUT.CON2-23

M2,R24,DUT.CON2-24

M2.R25.DUT.CON2-25

M2,R26,DUT.CON2-26

M2,R25,DUT.CON2-25

M2,R30,DUT.CON2-30

M2,R31,DUT.CON2-31

M2.R32.DUT.CON2-32

M2,R33,DUT.CONZ-33

M2,R34,DUT.CON2-34

M2,R35,DUT.CON2-35

M2.R36,DUT.CON2-36

M2.R3:

M2.RE0,DUT.RELD1 - CON1-02

M2,R61,DUT.RELD2 - CON1-47

M2.RE2.DUT.RELDS - CON1-48

M2,R63,DUT.RELO% - CONL-49

M2,R64,DUT.RELDS - CON1-50

[cip3s | [pin= Finstatus
Type |U

Varizble to Read (correct manually)

C1p33.PinStatus

Read Value
0 Eum
oK
READ (F10)
— WRITE Variable
Pin Variable

o3 =] [pin=Pinstatus |
Type [U
Variable to Read (correct manually)

C1p38.PinStatus

Value to Write
| Q Ewm
_MAINTASKDiszble ol on
Led.Green o ON
OK
| 'WRITE (F12) ‘
Controller

Controller Type ) MC50_10

| Reset PLUS (F4) l

‘ EXIT (ESC) I

Manuelle Bedienung der
Hardware

Alle Gerate direkt von
Hand ansteuerbar

Kommunikation mit
DUT via CAN
Variablen Read/Write)

Sauberes Einbinden ins
APAS-Konzept durch
Benutzung der Treiber

SAUER
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3.5 APAS -Software

Software GmbH

1Eii=l B2
APAS - Test Editor

| APAS - TestEditor
This APAS test is saved as: ‘

Load Test (F10) I ‘ Save Current Test As (F11) I
% C:\APAS|_Active Yersion|DATA\TESTS|_MIO& Develapment Test.tst
* Zusammenstellun n
% C1\APAS|_Active Yersion\DATALJOBS\INPOwer \MI-06 Main Test,ams| ‘ Select Main Job I ‘ Edit Main Job | u S a e S e u g VO
Stop Job {will execute aukomatically after the main job) . .
% C:\APASH_Active Version\DATA|IOBS|Camman)StapJob. amsl ‘ e TR I ‘ pEEe l = P ru fS krl pt (J (9) b)
Parameter List

9 C:\APAS!_Active Yersion\ DATA\PARAMETERIMI-6, par

Teststep Mame

‘ Select Parameter List l ‘ Edit Parameter List | = P a ra m ete rI i Ste

| | | | 5 Limitlist
Common [ ContrallerType=MIoG ] LogMode=2 l'Tastapp\icatiDnFiIe=C:\Apasl,nppFiIes\,TastcT 'Normsupply\u'o\tage=24\p'"__J = I m I IS e
| -guppl-y-\uiéitage E‘P\ns=‘¢‘1‘|‘)52 i -\'-ib-l't-éges=1"6' 240,306 v '-ﬁorm'\}aitagaéélf\)
Bl |

Limits List

% CHAPAS|_Active Yersior|DATALLIMITS|MI-6. im

Select Limits List l ‘ Edit Limits List |
| fes‘t‘s‘i:‘épﬂﬁéme | Li I:‘INEme “I:.IrITIa-t 'S.t;i'ng 6éscf plfii]n | A|
'Supply\u'oltage T Rawvalue | | | 32767 | %d I !'
Supplyvoltage ) | volkageDifference |V | 0.8 |08 | % 1F |
SupplyvoltageCverDCLink 7 | Rawvalue | |0 132767 | %d |
SupplyvoltageCrerDCLink | voltageDifference |v |-0.8 |0.8 | = 1F =l
Description for this test

L|

‘ Ok - Save Changes (F12) | ‘ CAMCEL (ESC) l

S SAUER
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3.5 APAS -Software

Software GmbH

APAS - Job Editor

Job Path

Save Job (F2) I | Save Job As... (F3) ' | Load Job... (F4) l | Mew Job (F5) ‘ | Print Job {(F5) ‘ P S b Ed 't
L ‘\ ‘\ - ’
I \APAS|_Active Version|\DATAIOBS\InPower \SupplyVoltage \SupplyVoltage. ams| | o ’ or
Line :'j‘ 1 Search | Search (F7) I ‘ Search Next (F8) | | Help (F1) I
AMSL Interpreter Output

ESx . B =]

S6function ghTestSupplyVoltage () : bool

57 war sTestStepllame : string

58 war sPin : string bl .

59 war iPinsCount : int ® BASIC—ahnlIChe
60 war iVoltagesCount @ int

61 wvar i 1 Tk

N e, Skriptsprache

64 var rVoltDifference : real

65 wvar r¥oltAnln : real

66 wvar bResult : hool

67 war sHeader i string

68

69 ~Pe rm T

70 ngn

71 sTestStepName := "SupplyVoltage" (] t t t

72 Contextsensitiver
73 DLG.STATUS("Test Step = " + sTestStepMame + ".")

74 H

75 iPinsCount := PARAM.GetParameterArraySize (sTestStepllame, "Pins") = I Or

76 iVoltagesCount PARAM.GetParameterArrayiize (sTestSteplame, "Voltages")

77 rVoltTolse 0 AMSL Return State

78 rVYoltDiffersnce 0 State

79 LbResult true !SUCCESS

g? P sote e s Return Value

82 for j :=10 to iPinsCount-1 da [ .
83 sPin 1= PARAM.GetStringParameter (sTestSteplame, "Pins"., j) ® S t t t t
: yntax-Unterstitzung
85 for i := 0 to iVoltagesCount-1 do (e

86 rVoltTollse := PARAEM.GetRealParameter(sTestStepName, "Voltages', 1) source  code 90

87 =

88 DLG.STATUS ("Test Step=" + sTestStepName + ", Supply Voltage=" + RealToString("%.1fV", rVoltTolse) + ", Ti B

g9

a0 TOEBE71.SetVoltage (rVoltTolse, 0.4)

91 DLG.WAIT(1000) =

e
gg rVoltDifference := PLUS1.ReadVariable(sPin + "." + PLUS1 _WAR_PIM WOLT, DATATYPE U32) ~ 1000 - rValtTolUse ® Debug-U nterstutzu ng

94 rVoltAnln i= PLUS1.ReadPinVariable(sPin, PLUS1_WAR_PIMN_AMNIM) r

a5 Run-Mode  ©fNormal

96 sHeader := "Active Pin=" + sPin + ":5et Voltage(V)=" + RealToString("%.1f", rValtTolse)

97 bResult := LOG.LogResult (sTestStepMame, sHeader, "VoltageDifference", rVoltDifference, 1)
98 bResult := LOG.LogResult (sTestStepllame, "', "RawValue", rVoltanIn, 1) and bResult

94
101

102 bResult := mbSVCheckInactivePin(sTestStepllame, iPinsCount., j) and bResult
103 _endfor : —’.‘J
‘ »

Job not running - na job info.
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5 APAS -Software

) t o
Software GmbH

APAS: Visualize the Test Stand
Test Stand Spectic | Al properties (Table) | History (seiact a piné using right mouse button ih Af Broperties (Tabie}) A P A
a0~
COMNECTION. Connection SIATRE | SWITCH + POWER Relay
CpenAll o o [ o
Online-Visualisierun
M1ROLEQR DMM Powar + M2 ROLDUT COMN2-01
M1R02EGR DMM Power- M2 RO2.DUT COMNE-02
M1RO3EQP.DMM Sense+ M2 R02.DUT COM2-03
DHM Readvalue . M1 R04.EGP,DIMM Sense- M2 RO4.DLIT.COMz-04 o
101520 25 o M1R05EQR SCOPE Channel 1 M2 ROS.DUT CON2-08
G il M1R06EQR SCOPE Channel 2 M2 R05.DIUT COMNZ-08 er es s er e n ’s S e
o, 40 M1R07.EQP SCOPE Trigger M2 R07.DUT COMNZ-07
M1R08 free M2.R08.DUT.COM2-08
M1R09.EQP.RESISTORT IM M2.R09.DUT.COM2-03
M1R10EGP RESISTOR1 GUT M2R10,0UT COME-10
5 M1R1LEQR RESISTORZ IN M2 R11DUT COMNZ-11
2870,0 M1R12EQP RESISTORZ OUT M2 R12,0UT COMNZ-12
M1R1ZEQPMIO ATD M2 R12.DUT COM2-13
DM, Function DMM.Range M1RI14EQP.MIO DOD M2R14.DUT.COM2-14
W M1RISEQPMIC DI0 M2 R15.DUT.COM2-15
ol 40 MLR16EQR AMP RO M2 R.15.DUT COMN2-16 . . .
MLR17EQR AMP AO1 M2 R.17.0UT COMNZ-17 ° V
MLRIBEGR AP AC2 M2 R18.DUT COMNE-18 IS u a I S I e ru n a e r
M1RI19.EQP.AMP AO3 M2 R19.DUT.COM2-13
TOESET1 ‘VultagE M1R20.EQP.DCSOURCE GND M2.R20,DUT COM2-20
10152025 55 M121EQP DCSOURCE + M2 R21.DUT COMN2-21 o
Bl 5 M1R22EQR DCSOURCE - M2 R22,DUT COMNZ-22
0 s ’\:m M123,DUT CONI-08 M2 R23DUT COMN2-23 e SSWe e I I I l yS e I I l
~ M1R24.DUT.COMN1-06 M2R24.DUT.CON2-24
M1.R25.DUT.CON1-07 M2 .R25.DUT.COM2-25
M1R26,0UT CONI-08 M2 R26.DLT COMNE-26 0 o o
M1 R27.0UT CONL-09 M2 R27.DUT COMNz-27
16,0  ¥alt M1 R28.0UT CONL-10 M2 R28.DUT COMN2-28 l I Iog IC a rl a e n
M1R23,0UT CON1-11 M2 R23.DUT COM2-23
M1R30.DUT.COM1-12 M2.R30.DUT.COM2-30
M1R31.DUT.CON1-13 M2.R31.DUT.COM2-31
DCSOLRCE. Yaltage M1R32.0UT CONI-14 M2 R32.DUT COMN2-32
(e M133.DUT CONI-15 M2 R32.DUT CONZ-33
10 7 a0 M1R34.DUT CONI-16 M2.R34.DUIT COMZ-24
40 M1R35.DUT.CON1-17 M2 .R35.DUT.COM2-35
M1R36.DUT.COM1-18 M2.R36.DUT.COM2-36
\ M137.0UT CONI-18 M2 37 frae
M1R38DUT CONL-22 M2 R38 free . .
M133,0UT CONL-23 M2 33 frae 1] PY
- rei programmierbare
i
M1R41.DUT.CON1-25 MZ2.R41 free
M1Rd2,DUT CONI-26 Mz Rz free
M1 R43.DUT CONL-27 M2 Re3 frae . . s
M1 R44.DUT CONL-28 M2 Réd frae
. er Visualisierung
M1R46.DUT.COM1-30 M2.R46 free
M1R47.DUT.CON1-31 M2.R47 free
M1R48DUT CONL-32 M2 Refrae
M1 43,0UT CONL-33 M2 Rdd frae
M1R50.DUT CON1-34 M2 RS0 free a
M1RE1.DUT.CON1-35 MZ.RE1 free
M1RE2.DUT.COMN1-36 MZ.REZ free -1 N i
M1RE3DUT CONL-37 M2 RE3frae 0 125
M1R54,DUT CONL-38 M2 R54 frae
M1RES.DUT CONL-39 M2 RES frae - 7
1M1 R.56 DUT COMN1-40 M2 R56 free TOEBE?1 Voltage 16,000 | ™ Update Diagram
M1RE7.DUT.COMN1-41 MZ.RE7 free
MLRSEDUT CONL-42 M2RSE free Slpozpoltneed ZamAlllY Remove All Plots ]
M1 R5S,DUT CONL-43 M2RE3 free C1p02.Anln_Read 20096,000
M1REDDUT CONL-44 M2 RED.DUT RELO1 - CONI-02
M1RELDLIT CON1-45 M2.RE1.DUT RELOZ - CON1-47 0,000
M1REZ.DUT.COM1-96 M2.REZ.DUT.RELDZ - COM1-98
M1REZDUT CONI-02 M2iRE2DUT REL04 - CON1-43 .
M1RE4.DUT CONI-01 M2 Re4.0UT RELOS - CON1-50 | | | current Tob Jobline | 91 JoblsRunning
Supplyvolkage/Supplyvoltage. amsl
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3.6 Vorstellung A.M.S. Software
GmbH

Software GmbH

* Die A.M.S. Software GmbH ist seit 1995 am Standort Quickborn bei
Hamburg tatig im Pruf-, Test- und Automatisierungsbereich.

* Kundenspezifische Software- und Systemlosungen

* Schwerpunkte in den industriellen Bereichen: Automotive, Luftfahrt,
Halbleiter-Sensoren, Chemie/Kosmetik, Maschinenbau und
Bahnfernwirktechnik

NATIONAL
* NI-Alliance Member seit mehr als 11 Jahren "WNSTRUMENTSi

AI_._IiannE Memi]er

* Weitere Informationen zu A.M.S. finden Sie unter:
www.ams-soft.de
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