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Increasing the SATS Uncertainty Safety Margin
Equations

Eq 1. is the total uncertainty of the Comparator Setpoint Test. This must be
under £101 mVdc. The max allowed comparator uncertainty Is +70 mVdc. This
means that the combined DAC and Input Buffer must be less than £72.8 mVdc.

Definitions

 PPS: Plant Protection System: Monitors conditions in the nuclear reactor and scrams ’
the reactor (initiates automatic shutdown) If dangerous conditions occur.

(EX: reactor temperatures, pressures, neutron levels)

Eq.1 \/(DAC + Buffer;,)? + (Comparator)? = Comparator Setpoint Uncertainty

 SATS: Surveillance And Test System: Tests the functionality of the Plant Protection

System (PPS). |
Calibrated Values: J(£5)2 +
DAC and ADC: Digital-to-Analogue Converter and Analogue-to-Digital Converter | yax llowed Uncertainty: /(£72.8)% +

Background :

Comparators: A component of PPS. Takes an input signal from a detector in the

reactor and compares It to a safety setpoint. If the signal from the detector is above the
setpoint, the comparator sends a trip signal alerting that something Is wrong.

» Comparator Setpoint Test: The SATS computer sends signals to the DAC to the

Test Input Buffer to the selected comparator to see Iif it trips, overriding the
comparator’s usual mput from a detector. This checks 1f the trip point has drifted away
from the setpoint value.

* Analogue Linearity Test: A SATS self-check test. The SATS computer sends a

(£70)? =
(£70)? =

+70.2 mVdc
+101 mVdc

Eq. 2 Is the total uncertainty for the Analogue Linearity Test. If these are all calibrated,
the result 1s £12.3 mVdc. Currently, this test will fail if the result 1s 61 mVdc.
Based on Eq. 1, it MUST FAIL before the DAC and Input Buffer drift passes £72.8

Eq.2 \/ADCz + (DAC + Buffer;,)* + BufferOutz = Analogue Linearity Uncertanity

Calibrated Values: +/(+5)%2 + (£5)2 + (+10)2 = +12.3 mVdc

Results

Data Is provided for two scenarios:

Scenario Calculations

Scenario A: Scenario B:

A recalibration will only be done if the signal sent and received by the Analogue
Linearity Test is more than £61 mVdc of the expected value.

This project analyzes whether this accuracy range can be increased without
Impacting the uncertainty analysis of the Comparator Setpoint Test.

Comparator Setpoint Test

Analogue Linearity Test
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Significance of Results

- - - . . - DAC+I o) Total
signal to the DAC and input buffer, however, instead of sending it to a comparator, it | o | *suter. | sufter | uncortainty || _Apc | buffer | sutter |uncerainty| Scenario A is a worse-case
' ' 12.3 5 10 16.62 12.3 5 10 16.62 :
sends It to the Test Output Bu_ffer, then to the ADC. This tests checks whether the ADC, 223 3 0 lo62| 123 2 0 1652 scenario where only the DAC and
DAC, and test buffers are calibrated properly. 12.3 7.5 10 17.54 18.45 7.5 15 24.93 |nput Buffer drift. In this case,
n 12.3 17.5 10 23.61 43.05 17.5 35 58.18 I I
PrOjeCt 12.3 18.75 10 24.55 46.125 18.75 37.5 62.33 the Analogue Linearity Test needs
to fail at £74 mVdc.

Scenario B Is a more
optimistic scenario where all
measurements drift by the same

percentage. In tr

IS Case,

the Analogue Linearity Test needs

to fail at £241 nr

Vdc.
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Computer Ulgltg-tu-hﬂnalugue input Buffer " Comparator " compute This prOJect_establlshes t_he margin of safety that the SATS Analogue Linearity Test can
- e h , | , pass before it needs to fail to catch an error. Currently, the test must be accurate to +61

mVdc to pass. According to these results, this could be increased to £74 mVdc and still
catch when the DAC and Input Buffer go dangerously out of calibration, even in a worse-

DAC: ADC- case scenario. The acceptable uncertainty could be increased even more and still have a high
SATS - ‘ Test [est o SATS - . L
Computer Dlﬂltg;:‘:hﬂ?ﬂgue Inpufﬂuffer Dutpuetﬁuuf-'er '&”amﬂsf;;{h"g'ml g Computer probablllty of Catchlng the DAC before 1t drifts too far.
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Should this test ever need to be altered, this safety margin will help determine if the tests
will still meet required safety standards.




