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IPAQ C520*/R520* temperature 

transmitter 
Issued to 

INOR Process AB 
Box 9125, SE-200 39  MALMÖ, Sweden 
Reg.number 556346-9385 

Product name  

IPAQ C520*/R520* 

Product description 

The IPAQ C520*/R520* are programmable transmitters designed primarily for temperature measurements 
in the process industry. They are two-wire, 4-20 mA current loop transmitters with power supply via the 
current loop. 
IPAQ C520*/R520* have dual sensor input channels to make elaborate supervision and diagnostics 
possible. 
 

IPAQ C520*/R520* temperature 
transmitter 

Description 

IPAQ C520S SIL 
IPAQ C520XS SIL and ATEX 
IPAQ R520S SIL 
IPAQ R520XS SIL and ATEX 

Certification 

The product described above fulfils the requirements for SIL 2 of the standard IEC 61508:2010 Functional 
safety of electrical/electronic/programmable electronic safety-related systems, part 1-3 for the following 
element safety function: 
 

� Provide measurement values of the measured unit (typically temperature) with a maximum 
deviation from specified accuracy on 2% 

 
The certification is based on a functional safety assessment according to IEC 61508 described in RISE 
report 7P09191:A  dated 7rd February 2018 and safety manual for IPAQ C520*/R520*in the currently valid 
revision. 
Note: The SIL (Safety Integrity Level) reached for the complete safety function must be determined by the 
end user. 
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Marking 

Each sample that conforms in all respects with the original item certified may display the text 
“Type-examined by RISE”.  When this marking is applied the marking shall also contain reference to the 
standard IEC 61508:2010, the reached SIL (Safety Integrity Level) of the item, the number of this certificate 
and the serial number or equivalent of the item. 

Validity 

This certificate is valid until not later than 18th February 2023. 

Miscellaneous  

Other terms and conditions are set out in RISE certification rules for type-examination, SPCR 123.  
This issue replaces earlier issues with the same number, issued by SP Technical Research Institute of 
Sweden, who during 2017 has changed its name to RISE Research Institutes of Sweden AB. 
 

 

Lennart Aronsson Jan Jacobson
 
 
 



The document was prepared using best effort.  The authors make no warranty of any kind and shall not be liable in 
any event for incidental or consequential damages in connection with the application of the document. 

© All rights on the format of this technical report reserved. 
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Management summary 

This report summarizes the results of the hardware assessment carried out on the universal 

dual-input 2-wire transmitters IPAQ C520* and IPAQ R520* in hardware version 11 and 

software versions IPM-SW 01.02.02 and OPM-SW 01.02.03. Table 1 gives an overview of the 

different configurations that belong to the considered universal dual-input 2-wire transmitters 

IPAQ C520* and IPAQ R520*. 

The hardware assessment consists of a Failure Modes, Effects and Diagnostics Analysis 

(FMEDA). A FMEDA is one of the steps taken to achieve functional safety assessment of a 

device per IEC 61508. From the FMEDA, failure rates are determined and consequently the 

Safe Failure Fraction (SFF) is calculated for the device. For full assessment purposes all 

requirements of IEC 61508 must be considered. 

Table 1: Configuration overview 

IPAQ C520S Head mounted, dual input 2-wire temperature transmitter, SIL suitable 

IPAQ C520XS Head mounted, dual input 2-wire temperature transmitter, 

SIL suitable and intrinsically safe 

IPAQ R520S Rail mounted, dual input 2-wire temperature transmitter, SIL suitable 

IPAQ R520XS Rail mounted, dual input 2-wire temperature transmitter, 

SIL suitable and intrinsically safe 

For safety applications only the described versions were considered. All other possible output 

variants or electronics are not covered by this report. 

The failure rates used in this analysis are from the exida Electrical & Mechanical Component 

Reliability Handbook (see [N2]) for Profile 2. 

The failure rates for the universal dual-input 2-wire transmitters IPAQ C520* and IPAQ R520* 

do not include failures resulting from incorrect use of the universal dual-input 2-wire 

transmitters IPAQ C520* and IPAQ R520*, in particular humidity entering through incompletely 

closed housings or inadequate cable feeding through the inlets. 

The universal dual-input 2-wire transmitters IPAQ C520* and IPAQ R520* are considered to be 

Type B1 elements with a hardware fault tolerance of 0. For Type B elements with a hardware 

fault tolerance of 0 the SFF has to be ≥ 90% for SIL 2 elements according to table 2 of 

IEC 61508-2. 

It is assumed that the connected safety logic solver is configured as per the NAMUR NE43 

signal ranges, i.e. the universal dual-input 2-wire transmitters IPAQ C520* and IPAQ R520* 

communicate detected faults by an alarm output current ≤ 3,6mA or ≥ 21mA. Assuming that 

the application program in the safety logic solver does not automatically trip on these failures, 

these failures have been classified as dangerous detected failures. The following table shows 

how the above stated requirements are fulfilled for the worst case configuration of the 

universal dual-input 2-wire transmitters IPAQ C520* and IPAQ R520*. 

                                                
1 Type B element: “Complex” element (using micro controllers or programmable logic); for details see 
    7.4.4.1.3 of IEC 61508-2. 
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Table 2: Summary – IEC 61508:2010 failure rates 

 exida Profile 2 2 

Failure category Failure rates (in FIT) 

Fail Safe Detected (SD) 0 

Fail Safe Undetected (SU) 0 

Fail Dangerous Detected (DD) 397 

 Fail detected (detected by internal diagnostics) 309 

 Fail high (detected by safety logic solver) 65 

 Fail low (detected by safety logic solver) 23 

 Annunciation detected (AD) 0 

Fail Dangerous Undetected (DU) 40 3 

 

Annunciation undetected (AU) 1 

No effect 152 

No part 46 

 

Total failure rate (safety function) 437 FIT 

SFF 90% 

DCD 90% 

MTBF 179 years 

 

SIL AC 4 SIL 2 

The failure rates are valid for the useful life of the universal dual-input 2-wire transmitters IPAQ 

C520* and IPAQ R520* (see Appendix 2). 

                                                
2 For details see Appendix 3. 
3 This value corresponds to a PFH of 4.04E-08 1/h. A fault reaction time of 5 minutes requires also that a 
connected device can detect the output state within a time that allows reacting within the process safety time. 
4 SIL AC (architectural constraints) means that the calculated values are within the range for hardware architectural 
constraints for the corresponding SIL but does not imply all related IEC 61508 requirements are fulfilled. 
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Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Single RTD 
2/3w sensor 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 436 49 89,9 % 2,44 E-04 4,57 E-04 1,09 E-03 2,16 E-03 4,90 E-08 (SIL 2) 

Close 
coupled high 

stress 
0 0 1184 213  84,8 % 1,05 E-03 1,97 E-03 4,74 E-03 9,36 E-03 2,13 E-07 (SIL 2) 

Extension 
wires low 

stress 
0 0 777 135  85,2 % 6,63 E-04 1,25 E-03 3,00 E-03 5,93 E-03 1,35 E-07 (SIL 2) 

Extension 
wires high 

stress 
0 0 7997 1940  80,5 % 9,45 E-03 1,79 E-02 4,31 E-02 8,52 E-02 1,94 E-06 (SIL 1) 

 
lSD = Fail safe detected 

lSU = Fail safe undetected 

lDD = Fail dangerous detected 

lDU = Fail dangerous undetected 
 
(1)  The numbers listed are for reference only. The SFF, PFDavg and PFH must be determined for the 
complete Safety Instrumented Function (SIF) 
(2)  SIL AC (architectural constraints) means that the calculated values are within the range for hardware 

architectural constraints for the corresponding SIL level 
(3)  It is assumed that proof testing is performed with a proof test coverage of 99%. 
(4)  The PFDavg was calculated for profile 2 using Markov modeling. The results must be considered in 

combination with PFDavg values of other devices of the Safety Instrumented Function (SIF) in order to 
determine suitability for a specific Safety Integrity Level (SIL) 

 For SIL 1 applications, the PFDavg value needs to be < 10-1 for the SIF 

 For SIL 2 applications, the PFDavg value needs to be < 10-2 for the SIF 

(5)  FIT: Failure rate [1/h] 

(6) PFH = lDU  (Fail dangerous undetected) 
 
 

Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Dual RTD      
3w sensor (*) 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 492 41 92,3 % 2,08 E-04 3,85 E-04 9,19 E-04 1,81 E-03 4,10 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 2300 57 97,6 % 3,27 E-04 5,75 E-04 1,32 E-03 2,55 E-03 5,70 E-08 SIL 2 

Extension 
wires low 

stress 
0 0 1338 50 96,4 % 2,71 E-04 4,88 E-04 1,14 E-03 2,22 E-03 5,00 E-08 SIL 2 

Extension 
wires high 

stress 
0 0 19207 230 98,8 % 1,56 E-03 2,56 E-03 5,55 E-03 1,05 E-02 2,30 E-07 (SIL 1) 

(*): Sensor drift monitoring is activated 
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Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Single RTD      
4w sensor 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 445 43 91,2 % 2,16 E-04 4,02 E-04 9,62 E-04 1,89 E-03 4,30 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 1347 90 93,7 % 4,62 E-04 8,52 E-04 2,02 E-03 3,97 E-03 9,00 E-08 (SIL 2) 

Extension 
wires low 

stress 
0 0 892 45 95,2 % 2,36 E-04 4,31 E-04 1,02 E-03 1,99 E-03 4,50 E-08 SIL 2 

Extension 
wires high 

stress 
0 0 10297 140 98,7 % 9,16 E-04 1,52 E-03 3,34 E-03 6,38 E-03 1,40 E-07 (SIL 2) 

 
 

Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Dual RTD      
4w sensor 

(**) 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 497 40 92,6 % 2,03 E-04 3,76 E-04 8,97 E-04 1,76 E-03 4,00 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 2392 45 98,2 % 2,72 E-04 4,67 E-04 1,05 E-03 2,03 E-03 4,50 E-08 SIL 2 

Extension 
wires low 

stress 
0 0 1397 41 97,1 % 2,29 E-04 4,07 E-04 9,40 E-04 1,83 E-03 4,10 E-08 SIL 2 

Extension 
wires high 

stress 
0 0 20387 50 99,8 % 7,28 E-04 9,45 E-04 1,60 E-03 2,68 E-03 5,00 E-08 SIL 2 

**: Sensor drift monitoring is activated; Only for IPAQ R520S / R520XS 
 
 

Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Single TC  
sensor 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 492 45 91,6 % 2,27 E-04 4,22 E-04 1,01 E-03 1,98 E-03 4,50 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 2297 140  94,3 % 7,24 E-04 1,33 E-03 3,15 E-03 6,19 E-03 1,40 E-07 (SIL 2) 

Extension 
wires low 

stress 
0 0 1297 140  90,3 % 7,00 E-04 1,31 E-03 3,13 E-03 6,16 E-03 1,40 E-07 (SIL 2) 

Extension 
wires high 

stress 
0 0 18397 2040  90,0 % 1,02 E-02 1,90 E-02 4,56 E-02 8,98 E-02 2,04 E-06 (SIL 1) 
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Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Dual TC  
sensors (*) 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 597 41 93,6 % 2,10 E-04 3,88 E-04 9,21 E-04 1,81 E-03 4,10 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 4387 50 98,9 3,44 E-04 5,61 E-04 1,21 E-03 2,30 E-03 5,00 E-08 SIL 2 

Extension 
wires low 

stress 
0 0 2387 50 97,9% 2,96 E-04 5,13 E-04 1,16 E-03 2,25 E-03 5,00 E-08 (SIL 2) 

Extension 
wires high 

stress 
0 0 40197 240 99,4 % 2,11 E-03 3,15 E-03 6,27 E-03 1,15 E-02 2,40 E-07 (SIL 1) 

(*): Sensor drift monitoring is activated 
 
 

Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Single TC  + 
Single RTD 

2/3W (*) 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 544 41 93,0 % 2,09 E-04 3,87 E-04 9,20 E-04 1,81 E-03 4,10 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 3343 54 98,4 % 3,38 E-04 5,72 E-04 1,27 E-03 2,45 E-03 5,40 E-08 SIL 2 

Extension 
wires low 

stress 
0 0 1862 50 97,4 % 2,83 E-04 5,00 E-04 1,15 E-03 2,23 E-03 5,00 E-08 SIL 2 

Extension 
wires high 

stress 
0 0 29702 235 99,2 % 1,83 E-03 2,85 E-03 5,91 E-03 1,10 E-02 2,35 E-07 (SIL 1) 

(*): Sensor drift monitoring is activated 
 

 

Sensor Type Failure category  [FIT] (5) SFF PFDavg (4)  @  Tproof (3)  = PFH  

Single TC  + 
Single RTD 

4W (**) 

lSD 

[FIT] 
lSU 

[FIT] 
lDD 

[FIT] 
lDU 

[FIT] 
SFF (1) 1 year 2 years 5 years 10 years PFH (6) 

SIL AC 
(2) 

Close 
coupled low 

stress 
0 0 547 40 93,2 % 2,04 E-04 3,78 E-04 8,98 E-04 1,77 E-03 4,00 E-08 SIL 2 

Close 
coupled high 

stress 
0 0 3390 48 98,6 % 3,11 E-04 5,19 E-04 1,14 E-03 2,18 E-03 4,80 E-08 SIL 2 

Extension 
wires low 

stress 
0 0 1892 45 97,7 % 2,60 E-04 4,55 E-04 1,04 E-03 2,02 E-03 4,50 E-08 SIL 2 

Extension 
wires high 

stress 
0 0 30292 145 99,5 % 1,42 E-03 2,05 E-03 3,93 E-03 7,08 E-03 1,45 E -07 (SIL 2) 

**: Sensor drift monitoring is activated; Only for IPAQ R520S / R520XS 




