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1.0 PURPOSE

The purpose of this calculation is to determine the total loop uncertainty of Main

Feedwater pressure digital indications for the Caldon CheckPlus LEFM and Plant
Computer. '

Uncertainties are calculated for normal operating (non-harsh) conditions only.

2.0 COMPONENT LISTING

This calculation applies to the following instrumernts:

Main Feedwater Pressure Transmitters

1-PT-1131A, B 1-PT-1141A, B

2-PT-1131A, B 2-PT-1141A, B
I/E Converters

1I/E1C209A, B 1I/E1C209E, F

21/E2C209A, B 21/E2C209E, F

A/D Converters

IMPIC209A1,B1 IM/P1C209A2, B2

IM/P2C209A1, B | IM/P2C209A2, B2
LEFM Electronic Unit |

ICPUIC209A1, B ICPUIC209A2, B2

2CPU2C209A1, B | 2CPU2C209A2, B2
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3.0 FIGURE

Main Feedwater
b
Pressure
Transmitters

IVE

A/D
Converter

Note: The loop configuration is determined from Reference 7.9 and Assumption 6.9.

4.0 METHOD OF ANALYSIS

This calculation is performed in accordance with ES-028, Instrument Loop Uncertainty /
.Setpoint Methodology. This calculation utilizes the Square Root Sum of the Squares
(SRSS) methodology when all variables are random, independent and normally
distributed. Bias uncertainties are combined algebraically with random uncertainties.

This calculation determines device uncertainties for the Main Feedwater pressure
transmitters, I/E converters, and A/D converters and then combines these uncertainties to
determine the total loop uncertainty for the digital indication of the LEFM. The error in
this digital indication is the same as in the plant computer, since the signal is passed to
the plant computer via a digital link.

CCN-IC009002 Rev. 1
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5.0 DESIGN INPUTS

5.1 MAIN FEEDWATER PRESSURE SENSOR CONSIDERATIONS
(Subscript: s)

TAG NUMBER: 12)-PT-1131A, B [7.2]

’ 1(2)-PT-1141A, B
MANUFACTURER: Rosemount [7.2]
MODEL NUMBER: 3051CGS5 [7.2]
SPAN: 0 to 1300 psig [7.2]
UPPER RANGE LIMIT 2000 psig [7.1]
(URL)

5.1.1  Per References 7.1, the Reference Accuracy for Range Code 5 transmitters with a
turn down ratio (ratio of URL to Span) of less than 10:1 is + 0.065% Span. Per
Reference 7.1, URL for these transmitters is 2000 psig. PerReference 7.2, span
for these transmitters is 1300 psig, yielding a turn down ratio of 1.54:1 (result of
2000 /1300). Therefore, the sensor Reference Accuracy (RAg) is given as:

RAg =+ 0.065% Span

5.1.2 Per Reference 7.2, the setting tolerance for these sensors is + 0.25% Span.
Therefore, the Sensor Setting Tolerance (STs) is:

STs = + 0.250% Span
5.1.3 For conservatism, and to provide flexibility in the choice of test equipment, the
Sensor Measurement and Test Equipment Effect (MTEs) is set equal to the sensor

setting tolerance (STs). Therefore,

MTEs = + 0.250% Span
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5.14

The Drift term (DRg) is given in Reference 7.1 as + 0.125% URL for 5 years with
temperature variation limited to within = 50°F, and up to 1000 psi line pressure.
Reference 7.1 shows URL for range code 5 transmitters is 2000 psi. Per
Reference 7.3, Turbine Building Maximum / Minimum design temperatures are
110°F / 60°F, respectively, ensuring that maximum temperature variation is
bounded by £50°F. Line pressure effects are only applicable to differential
pressure transmitters. Therefore, the Sensor Drift (DRs) is given as: .

0.125% X 2000 psi 50°FJ %Span
0

- X 100%Span X
1300 psi 50°F

DR, = i(

" DRg = + 0.192% Span

Per Reference 7.1, the Sensor Temperature Effect (TEs) is given as

+(0.0125% URL + 0.0625% Span) per 50°F for Range Code 5. Per Reference
7.1, URL for rarige code 5 transmitters is 2000 psi. Per Reference 7.3, Turbine
Building Minimum / Maximum design temperatures are 60°F / 110°F,
respectively. Using Minimum / Maximum temperatures for calibration
temperature and normal operating temperature ensures that maximum temperature
variation (£50°F) is considered in determination of TES. Therefore, the Sensor
Temperature Effect (TEs) is given as:

TEs =+ (0.0125%URL + 0.0625% Span) X %—g
0, H o
TEs = + 0.0125% X 2900p51 +0.0625%Span | X SOGF
1300 psi 50°F

TEs = + 0.082% Span

Per Reference 7.1, Sensor Power Supply Effect (PSEs) is less than + 0.005% Span
per volt variation. Reference 7.4 states that, for DC power supplies, considering a
5 volt variation in power supply voltage is conservative. Therefore PSEg is
determined as follows:

0.005%Span

PSES =+
voitDC

X 5voltsDC

PSEs = + 0.025% Span

Per Reference 7.4, uncertainties less than +0.050% are considered negligible.
Therefore,

PSEg = N/A

CCN-IC009002 Rev. ] . Page 8 of 21
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5.1.7 Per Reference 7.1, Sensor Vibration Effect (VEs) is negligible except at resonant
frequencies. When at resonant frequencies, vibration effect is less than + 0.1% of
URL per g when tested between 15 and 2000 Hz in any axis relative to pipe-
mounted process conditions. Per Assumption 6.2, vibration is bounded by 1 g at
the test conditions described. Per Reference 7.1, URL for range code 5
transmitters addressed in this calculation is 2000 psi. Reference 7.2 shows
calibrated span for these transmitters is 1300 psig. Therefore VEg is determined
as follows: o

0.1% X 2000 psi

1300 psi

VES=i

VEg =+ 0.154% Span

5.1.8 .Per Reference 7.1, Sensor RFI Effects (RFIg) is + 0.1% Span from 20 to 1000
MHz and for field strength up to 30 V/m. Per Assumption 6.3, transmitters
addressed in this calculation are not exposed to RFI conditions beyond the limits
stated in the specification. Therefore: ‘

RFIs =+ 0.100% Span
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52 I/E CONVERTER CONSIDERATIONS (Subscript: pi)

TAG NUMBER: 1I/E1C209A, B, E, F
2I/E2C209A, B, E, F

MANUFACTURER: Analog Devices

MODEL NUMBER: . 5B32

SPAN: . 41020 mAdc [7.1]

PROCESS SPAN: : (0 to 1300 psig) [7.2]

OUTPUT SPAN: 0-5 Vdc - [7.6]

5.2.1 Per Reference 7.6, the initial accuracy at +25°C for the I/E Converters is x 0.05%
Span + 0.05% of Iz. The nonlinearity is defined as + 0.02% Span. The accuracy
of the input resistance (20 Q) is shown to be = 0.1%. The accuracy of the input
resistance is converted to percent of span at the highest input reading. This -

' calculation conservatively computes Reference Accuracy, based on the
combination of all these terms, via addition. The Converter 1 Reference
Accuracy (RAp;) is computed as follows.

ACCRES‘ = Accuracy of Input Resistance

20 mAdc
(20 mAdc — 4 mAdc)

ACCres = £0.1% x( ) = +0.125% Span

|, = 4 mAdc

0,
0.05% of I, = 0.0005 x 4 mAdc x( 100% Span ) ~ 0.0125% Span

(20 mAdc - 4 mAdc)
Ant = Initial Accuracy j
At = +0.05% Span +0.05% of |, (Conservatively Add)
A = £0.05% Span +0.0125% Span = £0.0625% Span
RAp, = +(0.0625 +0.02 + 0.125) o

RAp1 = i 0.208% Span
5.2.2  Per Reference 7.4, the setting tolerance for these converters is set equal to the
Reference Accuracy, since MCDS sheets do not yet exist. Therefore, the
Converter 1 Setting Tolerance (STp) is:

STp; =+ 0.208% Span
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523

524

525

For conservatism, and to provide flexibility in the choice of test equipment, the
Sensor Measurement and Test Equipment Effect (MTEp,) is set equal to the
Converter 1 Setting Tolerance (STp;). Therefore,

MTEp; = £ 0.208% Span

Per Assumption 6.6, Reference 7.6 does not provide a time-dependent drift
specification for the I/E converter, and no historical data is available for analysis.
This device is a modern electronic module used for high accuracy situations; and
drift should be near zero. Therefore, the drift term for these converters is
conservatively set equal to the Reference Accuracy term. The Converter 1-Drift
(DRp) is defined:

DRpl =+ (0.208% Span

Per Reference 7.6, there are four (4) terms relating to temperature effect. This
calculation conservatively computes temperature effect, based on the combination
of all these terms, via addition. Note that the LEFM V + cabinets are air-
conditioned and maintained within-an approximate 10°F band, however, for
conservatism, this calculation computes the I/E converter temperature effect,
based on room temperatures without air conditioning. Per Reference 7.3, Turbine
Building Minimum / Maximum design temperatures are 60°F / 110°F,
respectively. Using Minimum / Maximum temperatures for calibration
temperature and normal operating temperature ensures that maximum temperature
variation (+50°F) is considered in determination of TEp,. Therefore, the
Converter 1 Temperature Effect (TEp;) is computed as follows:

TE,; = Input Offset vs. Temp

' 4 mAdc

(20 mAdc - 4 mAdc)

TEoo = Output Offset vs. Temp

100% Span)x( 1Vdc
5 vdc 1,000,000 uvde

TE,; =+0.0025% of 1z/°C x[ ) =+0.000625% Span/°C

TE oo = +20 pV/°C x( ) = +0.0004% Span/°C

TEg = Gain vs. Temp
TEg = £0.0025% of Reading / °C (Considered Applied as Input Specification)

20 mAdc
(20 mAdc - 4 mAdc)

TE & =10.0025% Span/°C x( J =+0.003125% Span/°C

CCN-IC009002 Rev. 1 ' Page 11 of 21
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5.2.6

5.2.7

TEgx = Stability vs. Temp for Input Re sistor
20 mAdc

(20 mAdc - 4 mAdc)

(TEo + TEgo + TE + TEgR)

(0.000625 +0.0004 +0.003125 + 0.00125)

TEgs = £0.001%/°C x( ]=i0.00125% Span/°C

TE

=z
TE=%

o

c ) x50°F
8°F |

TEp, = +0.0054% Span/°C XU

TEp; =+0.150% Span -

Per Reference 7.6, the Converter 1 Power Supply Effect (PSEp;) is defined by
power supply sensitivity of + 2uV/Vs%, with a required power supply voltage of
5 Vdc +5%. Conservatively using the worst case voltage variation specified for
the module of 5% (Assumption 6.7), the PSEp, is determined as follows:

0,
PSEP1=1(2“VdCJx5%x( 1Vdc )X(100A>Span)

Vs % 1,000,000 pvdc 5 Vdc

PSEp; =+ 0.0002% Span

Per Reference 7.4, uncertainties less than +0.050% Span are considered
negligible. Therefore,

PSEPl =N/A

Per Reference 7.6, the Converter 1 RF1 Effect (RFlp;) is defined by RFI
Susceptibility, = 0.5% Span error @ 400 MHz, 5 Watts, at 3 feet. Per
Assumption 6.8, the converters addressed in this calculation are not exposed to
RFI conditions beyond the limits stated in the specification. Therefore:

RFIp; =+ 0.500% Span

N ' .
CCN-IC009002 Rev. 1 Page 12 of 21
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5.3 A/D CONVERTER CONSIDERATIONS (Subscript: p3)

5.3.1

TAG NUMBER: IM/P1C209A1, A2, B1, B2
2M/P2C209A1, A2, B1, B2

MANUFACTURER: Burr Brown . .

MODEL NUMBER: ADS7825

SPAN: 0to5 Vde [7.6]

PROCESS SPAN: (0 to 1300 psig) [7.2]

Reference 7.7 provides the uncertainty specifications for the Burr Brown A/D
converters. However, Reference 7.8 is the accuracy analysis as provided by the

“vendor for these devices, when using an input span of 0 to 5 Vdc. The output of

this analysis is the overall accuracy for the A/D converters. Per Reference 7.8,
the overall uncertainty value is derived as + 17.5 mVdc. The Overall Accuracy of
the A/D Converter (ACCp,) is computed as follows.

100% Span]x( 1Vdc J

ACC,, = +17.5 mVd
& m Cx( 5 Vdc 1000 mvdc

In order to ensure that adequate temperature effects, etc., have been considered,
an extra degree of conservatism is added, and £0.400% Span will be used for the
Total Device Uncertainty of'the A/D Converter (TDUp;). (Note that the LEFM
\ + cabinets are air-conditioned and maintained within an approximate 10°F
band, so additional temperature effect uncertainties should not be present out51de
the uncertainty analysis of Reference 7.8.)

TDUp; = + 0.400% Span
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54 PROCESS MEASUREMENT EFFECT CONSIDERATIONS

Not all of the transmitters addressed in this calculation are installed (as of
Revision 1 issue), making precise determination of PMEDb impossible at this time.
However, based on Assumption 6.1, an elevation difference of 30 feet can be used
to quantify a bounding PMEDb for use in this calculation. This process requires
that transmitter calibration offsets be calculated and applied as stipulated on
Reference 7.2. Per Assumption 6.4 this will be done prior to the initial calibration
of each transmitter.

Reference 7.2 uses a conversion factor of 0.0361 psig / inH,O to calculate offset.
Multiplying the conversion factor by (12 in)* / ft yields the actual calibration |
density, 62.3808 [bm/ft’.

The following equation is used to calculate the PMEb due to sensing line density
variations:

— 0
pMED — [ Mex=po) 100% Span [EQ-1]
144 ) 1300psi

where,

h = height of sensing line in feet (30 ft. per Assumption 6.1)

1300 psi = transmitter span

pn = assumed sensing line fill fluid density during normal operation

pc = assumed sensing line fill fluid density to determine bounding calibration
offset

NOTE: The factor 144 is used to convert from Ibf/ft® to Ibf/in®. At standard
gravity, Ibf may be replaced with [bm.

Per Reference 7.3, the design minimum temperature is 60°F and the design
maximum temperature is 110°F in the area where the transmitters and sensing
lines are located. To ensure the most conservative result, 60°F is considered
calibration temperature and 110°F is the maximum temperature during normal
conditions. A conservative process pressure of 1000 psia is used for density

determinations.
ox @ 110°F / 1000 psia = 62.04833 Ibm/ft’ Reference 7.5
pc @ 60°F /1000 psia= 62.56809 Ibm/ft’ Reference 7.5

Note that the calibration density determined above (62.3808 Ibm/ft’) is bounded
by these conservative densities pn, and pc.
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Substituting values in Eq. 1 yields:

— 0,
PMED = (30(62.04833 62.56809)](100/08panj

144 1300 psi

PMEDb = -0.008% Span

Per Reference 7.4, uncertainties less than £0.050% Span are considered
negligible. Therefore: ‘

PMEb =N/A .
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6.0 ASSUMPTIONS

6.1

6.2
6.3

6.4

6.5

6.6

6.7

6.8

6.9

UNVERIFIED ASSUMPTION - 1t is assumed that a Unit | LEFM plant
modification will be implemented using the same converters, transmitters,
transmitter calibrations, and configurations as presented in this calculation. In
addition it is assumed that the vertical distance between transmitter centerline and
process tap for the Unit | transmitters will not exceed 30 feet.

It is assumed that pipe mounted process vibrations for the transmitters addressed
in this calculations are limited to 1 g between 15 and 2000 Hz in any axis.

It is assumed that transmitter RFI at the location of all transmitters addressed in
this calculation is limited to 20 to 1000 MHz, and field strength of 30 V/m.

It is assumed that transmitter head correction (calibration values offset) is
calculated and applied as part of the initial calibration of each transmitter
addressed in this calculation, in accordance with the procedure stlpulated in
Reference 7.2.

Not used

Reference 7.6 does not provide a time-dependent drift specification for the I/E
converter, and no historical data is available for analysis. This device is a modern
electronic module used for high accuracy situations; and drift should be near zero.
Therefore, the drift term for these converters is conservatively set equal to the
Reference Accuracy term.

It is assumed that the worst case power supply variation supplied to Converter 1 is
£5% of the supply voltage. This is considered conservative, since this is the
worst case power variation allowed by the device spemﬁcatlons

It is assumed that Converter 1 RFI at the location of the Caldon hardware
addressedj‘n this calculation is limited to 400 MHz, 5 Watts, 3 feet from the

" device.

The loop configuration is assumed to consist of the transmitter, I/E converter, and
A/D converter, as presented in Section 3.0. This is based on the Unit 2 schematic
drawings, Reference 7.9. It is assumed that this configuration will be as built for
Units 1 and 2.
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7.0 REFERENCES

7.1 Rosemount 3051 Product Data Sheet 00813-0100-4001, Rev. HA, March 2008
(excerpt included in this calculation as Attachment 1)

7.2 BGE Master Calibration Data Sheets (MCDS’s):

 COMPONENT ___REVISION
1-PT-1131A 0*
I-PT-1131B, 0*
1-PT-1141A 0
1-PT-1141B 0*
2-PT-1131A 0
2-PT-1131B 0
2-PT-1141A 0
2-PT-1141B 0

*Unit 1 MCDS’s not yet produced (see Assumption 6.1). Initial issue for these
new instruments will be Rev. 0.

7.3 BG&E Updated Final Safety Analysis Report, Table 9-18, Revision 38

7.4 Calvert Cliffs Engineering Standard ES-028, “Instrument Loop Uncertainty and
Setpoint Methodology”, Revision 1

7.5 ASME Steam Tables, 1967

7.6  Specifications for Analog Devices Single-Channel Signal Conditioning Module
5B32, printed from the http://analog.com website on 4/9/2009, including email
clarification, dated 4/13/2009 (Attachment 2)

7.7 Burr-Brown Product Data Sheet PDS-1304B for ADS7825 4 Channel, 16-Bit
Sampling CMOS A/D Converter, October 1997 (Excerpt included as
Attachment 3)

7.8 Burr-Brown Uncertainty Analysis for Model ADS7825 A/D Converter for 0-5
Volt Input (Attachment 4) :

7.9  Cameron Drawing 9A-202B796, “Electronics Unit LEFM v + Schematic,” Sheets
1 (Rev. 02), 8 (Rev. 02), 9 (Rev. 02), and 12 (Rev. 02)

8.0 IDENTIFICATION OF COMPUTER CODES

NONE
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9.0 CALCULATION

This calculation determines the Total Device Uncertainty (TDU) and Segment\
Uncertainty (LU) for Main Feedwater Pressure transmitters that provide input to
the LEFM. '

9.1 TOTAL DEVICE UNCERTAINTIES
Main Feedwater Pressure Transmitter Uncertainty

The normal uncertainties associated with the sensor (TDUs) are given as:

TDUs =+ JRA +ST,’ + MTEg' + DR, +TE + VE; + RFI’

- TDUs == 0.454 % Span
I/E Converter Uncertainfy

The normal uncertainties associated with the I/E converter (TDUp,) are given as:

TDUpi =+ {RAp + STo + MTEp,’ + DRy + TEp, + RFI2

TDUp; =+ 0.667 % Span
A/D Converter Uncertainty

The normal uncertainties associated with the A/D converter (TDUp,) are directly
provided in Section 5.3.1: -

TDUp, = + 0.400 % Span
9.2 SEGMENT UNCERTAINTIES

The calibration procedures for this instrument loop have not been developed.
Therefore, one segment is analyzed per device. Therefore loop segment
uncertainty (LU) is equal to TDU. Accordingly, LU terms are presented below
with results in % Span units and in engineering units (psi), based on a calibrated
span of 0 to 1300 psi.

Segment 1: Sensor
The segment uncertainty (LU1) is given as:
LU1 =+ TDUs, therefore:

LU1 =+ 0.454% Span = + 5.902 psi
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Segment 2: I/E Converter
The segment uncertainty (LU2) is given as:
LU2 =+ TDUp,, therefore:
LU2 =+ 0.667% Span = + 8.671 psi
Segment 3: A/D Converter
The segment uncertainty (LU3) is given as:
LU3 =+ TDUp,, therefore:
LU3 =+ 0.400% Span =+ 5.200 psi

93 TOTAL LOOP UNCERTAINTY

The Total Loop Uncertainty for the Main Feedwater Pressure digital indication is
computed from combining the Total Device Uncertainties from the transmitter,
I/E converter and A/D converter. The TLU term is presented below with results
in % Span units and in engineering units (psi), based on a calibrated span of 0 to
1300 psi.

TLU = +,/TDUgZ + TDUp,Z + TDUs,?

TLU =+ 0.901% Span = £ 11.713 psi
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 10.0 CONCLUSIONS

The total device uncertainty (TDUs) and segment uncertainty (LU1) for the Main
Feedwater Pressure transmitters are as follows:

TDUsg = + 0.454% Span = £ 5.902 psi
LUl = £0.454% Span = £ 5.902 psi

The total device uncertainty (TDUp;) and segment uncertainty (LU2) for the Main
Feedwater Pressure I/E converters are as follows:

_ TDUp,; = + 0.667% Span =+ 8.671 psi
LU2 =+0.667% Span = + 8.671 psi

The total device uncertainty (TDUp;) and segment uncertainty (LU3) for the Main
Feedwater Pressure A/D converters are as follows:

TDUp, = + 0.400% Span = + 5.200 psi
LU3 = % 0.400% Span = + 5.200 psi

The total loop uncertainty (TLU) for the Main Feedwater Pressure digital
indications on the Caldon LEFM  + system and the Plant Computer are as
follows:

"TLU =+ 0.901% Span =+ 11.713 psi
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ATTACHMENTS

Attachment 1 —
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Product Data Sheet
) 00813-0100-4001, Rev HA
Rosemount 3051 "March 2008

Specifications
PERFORMANCE SPECIFICATIONS .

Total Parformance is based on combined errors of reference accuracy, ambient temperature effact, and static pressure effect.
This product data sheet covers both HART and fieldbus protocols unless specified.

Conformance To Specification (+3c (Sigma))
Technology leadership, advanced manufacturing techniques and statistical process contro! ensure spacification conformance to at least £3a.

Reference Accuracy!)
Models Stand; | ] High Accuracy Option
3051CD, 3051CG )

Range 0 (CD) 10.10% of span

‘ For spans less than 2:1, accuracy =

10.05% of URL
Range 1 $0.10% of span
Forspan_s less than 15:1, accuracy =

1[0.025 + 0.005(%)]% of Span

Ranges 2-6 $0.065% of span Ranges 24
- For spans less than 10:1, accuracy = High Accuracy Option, P8
+0.04% of span
t[0.01 5+ 0.005(%}]% of Span For spans less than 5:1, accuracy =

\Span

H[oots 0.005] L85 ]% ot Span

J051CA Ve
Rangas 14 0 065% of span Rangos 2-4
Forspans ass than 1001, accutacy = High Accuracy Opton, P8
' URLY 20.04% of span
#0007 5 e § 198 L E r 11, ecour J
[0 007‘;{5"0",} % ot Spa For spans ‘sss fuin 5:1, sccuracy ™

7 URL
4[0.0075:\‘% ]% of Span

{13 Fur FQUNDATION fiehsbus trvismillons, vse salibruted tange in plses af ipr, For 200 based spans, roferencs podtdions, siieame o S $5T malerials,
Coplaren fange (30S1G] ¢r 72, « T8 NPT (30517 protess cuaneolions, dig2al e volues Set 16 souol rings poits,

CCN-IC009002 Rev. 1 ‘ Page 1 of 4
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Product Data Sheet
00813-0100-4001, Rev HA
March 2008 Rosemount 3051

Total Performance
For ¢50 “F (28 *C} temperature changas, up to 1000 psi (6.9 MPa) line pressure (CD only). from 1:1 to 5:1 rangedown.
Models Total Performance [ 1 '
3051C

Ranges 2-5 20.15% of span

“3081%.

Rang

Long Term Stability

Models Long Term Stabity ‘ o ] |
3051C

Ranges 25 20.125% of URL for § years
150 *F (28 *C} temperature changes, and up to 1000 psi (6,9 MPa) fine pressure.

Ranges 14  20.125% of URL for § years
250 °F (28 *C) temparature changes,

4-20mA Fieldbus i !
(HART protosolf® pvot‘oclof” y| Typical KART Transmitter Respanse Tine
Total Regponse Time (Ty + T

3051 ag 26
Transmitter Output ve, Time
. o Fevined
. T4 = Dead Time
Déad Time Ud} . sz.x, sy 31T * Thne Constant
UP_d'at;gs;Ra!g: S e Response Time = Ty+T,|
3
11} Doad bmae and pdate reie spply to ol modets ond maeges: poalog outsed ordy
{2} Nomimat fotat resgense fme at 75 °F (24 “Cj referenca conditons. ans BIE% uf iotwl
13} Transanltue frskdbus odpid enty. segrent macro-cyde nol included. \.~?t“"¥" .
o RG] -

Line Pressure Effect per 1600 psi (6,9 MPa)
For ine prassures sbove 2000 psi (13.7 MPa) and Ranges 4-5. see user manual (Rosemount publication numbar 00809-0100-4001),
Models Line Pressuire Effect I | i
3051C0 Zearo Errol
Range 0 $0.125% of URL/100 ps! (6,89 bar)
Range 1 20.25% of URL/10Q0 psi (68.9 bar)
Ranges 2.3 +0.05% of URL/1000 psi (68,9 bar) Tor fina prassires from 0 1 2000 psi (0 tr 13.7 MPa)
Snan Ereor
Range (1 20.15% of reading/100 psi (6,88 bar)
Range 1 £0.4% of reading/1000 psi (68,9 bar)
Rangos 2-3  #0.1% of reading/ 1000 psi (68,9 har)
Zoro§ X

11} Can be catbrotexd ot al kne pvssure,

CCN-IC009002 Rev. 1 Page 2 of 4
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Rosemount 3051

Product Data Sheet
00813-0100-4001, Rev HA
March 2008

Ambient Temperature Effect per 50°F (28°C)

Models Ambient ‘fe;l'npefature Effect

3051C0ICG

Range( £(0.25% URL + 0.05% span)
Range 1 £(0.1% URL +0.25% span)
Ranges 25 £(0.0125% URL + 0.0625% span) from 1:1 to 5:1

| J

AliRanges  £(0.025% URL + 0.125% span) from 1:1 to 30:1
11

(0.035% URL » 0.125%

“3081L

Mounting Position Effects
Madels Mousnting P?smon Eftasts

Vibration Effect

All Models

Measurament effect dus to vibrations is negiigbie excep? st
rasonance frequencies, When at resanance frequenciss, vibration
affact is 1658 than £0.1% of URL per g whern tested batwesen 15
and 2000 Hz in any axis ralative 10 pipe-mountad process
condtons.

Power Supply Effect

All Models
Less than £0.005% of calibrated span per voit.

RF| Effects

All Models

+0.1% of span from 20 to 1000 MMz and for field strength up to 30
Vim.

CCN-IC009002 Rev. 1

aphragm i vartoal piang, zaro shift of up ko 1 inﬁéb (Z.AQ mbar}, With ¢
‘ane, 2610 stift of up 1o § inHzO (12,43 mbar} plus extension length on extended units. Al Zem
E an off

to 100:1

Transient Protaction (Option Code T1)
Al Modeis:
Meets IEEE C82.41, Categary 8
& KV crest (0.5 ps - 100 kH2)
3KV ¢rest {8 x 20 micrasaconds)
8 KV ¢rost (1,2 x 50 microseconds}
Moets IEEE C37.90.1, Surge Withstand Capabiity
SWEC 2.5 kV crest, 1.25 MHz wave form
General Spacficatons:
Resy Time: <1 nd
Peak Surga Current: 5000 amps to housing
Pegk Transient Voltage: 100 V do
Loop Impadance; < 25 ahms
Appiicable Standards: |ECB1000-4-4.
1EC61000-4-5

NOTE:
Calibrations at 68 °F (20 °C) per ASME Z210.1 (ANSI}

Page 3 of 4
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Product Data Sheet ,
00813-0100-4001, Rev HA

March 2008 Rosemount 3051

FUNCTIONAL SPECIFICATIONS

Range and Sensor Limits

TABLE 1. 3051CD, 3051CG, 3051L, and 3051H Range and Sensor Limits
Minimum Span |

| ‘Ranige and Sensor Limits
E"’ | " Lower [{21N]
@ a0s1cDM, Upper 3051C ‘ 3051C1 | | 30890 30510 3051H . 3051H

CG L H {URL) Dlﬁcrentila! Gage i 'qulrennal ] Gage Differantial | Bage
0.1ink0 3.0 inH,0 =30 inH,0

(0,25 mtar) {7 A7 mbar} (‘7_’.47 mbgr)

1162, 3 mba ' :
20iNH0 25010 -250inM,0 250 iHO
{~0,62 bar) {-0.62 bar) {-0.62bar)

000 b

~250i0H,0
(-0.62 bar)

~250 1nH,0
(-0.62001)

_S-:'

4

3pst 05 psia ~300 pei 05 paia
{0,20 bar} (20,6 bar} (34,5 mbay abs} (34.5 mbarabs)  (~20.6bar) (34,5 mbar abs)
i ¢ 0.5:psin; } Lo 05"
1,38 (137.8'b0n). (345 mbar abs) (345 mba

1] Raaga 4 orly pwwitetie with 30510, Range T unly svaiably with J051G0 o 35166

TABLE 2. Range and Sensor Limits
3051CA

Range and Sensor Limits Range and Sensor Limits i

Minimum Lower Lowar ! Lower)

Span ! ' (LRL) (LRL) {Gape)

(207501

50

{137 9bar) {689,4 bar}
i Assumos atmcsphenic prossura of 14.7 pg.

CCN-IC009002 Rev. 1 ' . Page 4 of 4
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> [t

5832 Isolated Current Input

2 Ry Denteiine | 5, Szter Motatatatons | Avedae 59 Same Makans | 4K

Avmtion | & Dot Aa s | S8 Satar, Sota Sasia din Eaci |

25 e0n b dre

Specifications

Functional Description

The 6B32 18 a single-channel signal condtioning module thal ampiifies, protects, fiters and Isolates its analog
input. The madule measwres a process-current input signal of 4-20 MA or 0-20 MA by reading the vailage across
an external precision 20 0 resistor (suppiied) and generating an output of 010 +5 V. Extra currerd corversion
Tesistors are available as accessories (See Model 47 1337 in the Acc essories section).

Nate thatthe 5832 module circutry can withstand 240V rms at the Input screw-terminals, thareby shielding
computer-side circutry from field-side avervotage conditions. in addtlon, atl 5832 Series modules are mi-and-
match and hot swappable, so can be inserted or removed from any socket in the same backplane withoul
‘powering down the System.

inside the 57;2 Series Module

A chopper-stabilzed input amplifier provides low drift and stabie gain. At the ampifier input, a stable, & Ari d de input offset is
framthe input signal to set the zero-scale value for the 4-20 mA rangs. For user convenience, the zero can be optionaly factory-set to meet custom
needs. This allows suppressicn of a zero-scale input value mary limes larger than the total span for precise expanded-scale measurements.

1rlernal multi-pole lowpass fitering wih a four-Hz cutof (-3dB) enhances normal-mode {noise on signal) and commor-mode (noise on signal return)
rejection at S0/80 Hz, enabling accurate measurement of small signals i high electrical noise.

Signal isotation by transformer coupling uses a proprietary modulation technigus for linear, stable and refiable performance. The differential inpul circull
on the field side is fuly floaling, eliminating the need for input grounding. A demoadutator on the computer side of the sipnal transformer recovers the
arigind signal, which is then fitered and buffersd o provide a low-noigs, low-inpedance cutput signal. The output cormon must be kapt within £3 Vde of
pawer common

Convenience Features

A serles output switch the need for extesnal in many L The switch is turned on by an aclive-low enable input. If the
switch isto be on a all imes, the enable-input should be grounded 1o power common as il is on the 5801 and 5B0B ity

Bt

BOLATED NRUT SECTION

W+ NQ ONYEC RN

Figure 1 5832 funclional Block Diagram

http://www.analog.com/en/other/ios-subsystems/products/cu_5b32_isolated_current_imput/... 4/9/2009
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from
@ 204 PLUG-IN RESISTOR
AC1I82

CUSHENT
SOURCE

Figure 2. 5832Input Field Connections

Input Ranges Output Ranges
~
! 4 mAto 20mA Oto+5V
-5V10+5V customy
L tedn
5B Models Available
Roded faput Range Sutput Range
5662-01 4 mA to 20 mA OVio+5V
s8I2-02 OmAto20mA OVie+sy
SE32-Custom .
" Cuskom Inp WO tanges are avaiavie. r
Reter
[regeery
5832 Specifications
Descrigtion ] Monel $832
npat Ranges
Standarg Ranges OmA1020 mA or 4 mA 1 20 mA
Custom R anges 0.mAt020 mA (refer © ordaring s schon)
Output m-(k‘)tﬂknr -SVte+5Vor DVio+S V.
Acouraiy?
Inkiat @ +26C £0.05% Span 0.06% 1z
Nonlinsarky 30 02% Span
1nput Offset vs, Tampar stwre £0.0025 of 1Z/°C
Oulput Oftratvs. Temperaiwre 120 W°C
Ganvs. Temperatrre 200025% of Readng™C
It Reststor®
Value 2000
Acewr acy 10.1%
Stabikty vs. Temperaturs 40001%C
Hoise
Input 0.1 Hz b X) Hz Bandwidth 10nAms
Oupt, 100kHz Bandwidh / 200 v 1ms
Bandmidh, -3 ¢B aHz
Dubu R e Tima, 10% 10 60% Span Y200 s
Conunen-Mo de Voltag 2 (3
Inputto Ouput Conthuous 1800V ime masamam
Ouput b-Paner, Cominuous 43V madmumn '

Page 2 of 3
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L
Kirk Melson
From: “Keflogg, Jim" <Jirn, Kellogg @analog,com>
Date; Monday, April 13, 2008 11.58 AM
To: “Kirk Melson" <kirk melson@excelservices.com>

Subject:  RE: Specification Clarification for 5832
Hi Kirk,

You are correct ahout the input Offset Spec. it should be 0.0025%, not 0.0025.
For the 5832-01 module | get the following error terms vs. temperature

s Input Offset 0.0025% of 4mA <® 0.1uA/C or 0.00063%/°C

o Quiput Qffset 20uV/°C ¥ 0.084ul/*C or 0.00040%/°C

e GainTC 0.0025%/°C «» 0.5uA/C  or 0.003125%/°C

Total accuracy error vs. temp of 0.664uA/°C  or  0.0041%/°C

Sorry for the confusion on the datasheets, | hope this helps,

Regards,
Jien

From: Kirk Melson {mailta:kitk. melson@excelservices.comj}
Sent: 2009-04-13 10:47

To: Kellogg, Jim

Subject: Fw: Specification Clarification for 5832

Jim,
Sorry, | got the email address wrong. Try this agein. Could you ¢all me when you get a chance?

Kirklyn R. Melson

Exce! Services Corporation
(864)962-5701 Cell
(864)228-7100 Allernate and Fax

From: Kirk Melson

Sent: Thursday, April 09, 2009 5:50 PM
To: jim.kellog@analog.com

Ce: Bob Hunter.

Subject: Specification Clarification for 5832

Jim,

‘
1 just called 2 moment ago and got your voice mail. Since [ would like an email response anyway, |
decided to write this up in an email.

| printed the 5B32 specification from your website, and [ marked it up to show where my question is. The
specification in question is the Input Offset versus Temperature, which shows up in the table as 0.0025 of

1z / degree C. The specifications above this are shown as percertages. | amwondering if this
specification should say 0.0025% of iz / degree C.

4/13/2009
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We are working with a Caldon Uitrasonic flowmeter system, and we need tight accuracy. The room
temperature could change as much as 50 degrees F in that room. We have a 4 to 20 mAdc signal
coming in. If this specification is correct, | think | compute an error just due to this effect as:

Input Offset due to Temp = (0.0025 x 4 mA) x (100% Span / 16 mAdc) x (1 degree cI degree F)‘ x 50
degrees F = 1.74% Span.

This is a huge error for this module. If the specification actually should have a "%'" listed, the error goes
to around 0.0174% Span, which is much more reasonable in my opinion.

Anyway, if you get just a minute, | would reaily appreciate your looking at this specification and clarifying it
for me. |amin a bit of a time crunch on this one, so your quick attention would be greatly appreciated.

Thanks for your time and consideration.
Kirklyn R. Melson
Excel Services Corporation

(864)962-5701 Cell
(864)228-7100 Alternate and Fax

4/13/2009
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~ ADS7825

wwiw bur-brown com/datbook/ABSTRIS it

4 ’Chanhel, 1G:Bit~'Samplin'g'CMOS'AID:Con've'rter'

FEATURES

& 25us max SAMPLING AND CONVERSION
® SINGLE +5V SUPPLY OPERATION

® PIN-COMPATIBLE WITH 12-8IT ADS7824
@ PARALLEL AND SERIAL DATA QUTPUT
& 28-PIN 0.3" PLASYIC DIP AND SOIC

@ 12,0 LSB max INL

@ 50mW max POWER DISSIPATION

& 50uW POWER DOWN MODE

® 110V INPUT RANGE, FOUR CHANNEL
MULTIPLEXER

® CONTINUOUS CONVERSION MODE

DESCRIPTION

The ADSTE2S can asequite and convert 16 bil to
within 32.0 LS in 23pus mix while consmning only
SGMW max. Laser-trinmed scaling nesistors provide
the standand industrial £10V input mage and channel-
to~channe! mantching of £0.1%. The ADST8S iz a
Tow-power [6-bit sampling A/D with a four.channel
inpui multiplexer, $/H, clock, reference, and a
parallel/serial microprocessor interface. It can be con-
figured in a contimious conversion mode 10 sequen-
tially digitize all four channels, The Z8-pin ADSTEIS
is available in a plastc 0.3 DIP and in a SOIC, both
fully specificd for operation over the industrial ~40°C
to +85°C range.

Cuntinucas Conversion Channel
) | conte Lag }as
1% I ! 1 i o R
Ay S AR “"'r Clogic bt Surcasaive Approximation Register -
e A Ay and Cantrof Logic
o = 144 o e pRD
20k ki Py 3
A b J
; COAC i
AN, OonerfmB AN |
D i i \ 5
,,,,, g % \ E i
I ere g Sedal 1, o DATACLK
V Compurator Dola
Oul [ SDATA
o
. Patahel
A, Ot A Osta e
AN O\ RS et
oA S P @ B
Y VY
20K [:[5+) & Buffer < Ietatnal 1 et BYTE
v cap Y25V Rl | :
. 5K .
REF {3 rmmn b o iy
Iterational Aiort industnd Park + Wicing Addrems: PO B 11400, Tunon AZBETH + $trest Addrens: 6730 $. Tusszon Bve, Tucson, AZ 05706 + Tek: (S TABAS11 » Terx: 100624111
trhermet: b ; + FARLn« 900 484133 Ortyh » Cabik BERCORP + Tolex: D558401 + FAX! (201 ERMSIY + brmoekate Frocuset nta: {300} 580612
© 1996 Buer-Brown Corporsiion PDS-E3048 Printedin US.A. Ostober, 1997
SBASKS

~ CCN-IC009002 Rev. 1
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SPECIFICATIONS

ELECTRICAL
Al T, = —40°C 10 +85°C. 15 # 4DKHz. V) = V5 = Vg = +5V 5%, using external reference, CONTC = OV, uniess otherwise specified.

ADS7825P, U ADS7825PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 0 Bits
ANALOG INPUT
Vollage Range 10V ¥* v
Impedance . Channet On or O 457 * K
Capacltance 35 * pF
THROUGHPUT SPEED
Conversion Time 20 * ps -
Acquisition Time 5 * us
Multiptexer Settling Time Includes Acquisition 5 * ns
Complete Cycle (Acquire and Convert) 25 ¥ ns
Complete Cycle (Acquire and Convert) CONTC = 45V 40 * ns
Throughput Rate 40 * kHz
DC ACCURACY
Integral Linearity Error 13 12 -1
No Missing Codes 15 16
Transttion Nolset? 0.8 * Lse
Fulf Scale Error) Intemal Reference 0.5 10.25 %
Full Scale Error Drill Intemal Reference 17 15 ppmFC
Full Scale Errord) 105 10.25 %
Full Scale Error Drift 12 . * ppmiC
Bipolar Zers Error 110 * mv
Bipolar Zerc Emor Drift 12 * ppmPrC
Channeko-Channel Mismatch 10.1 1041 %
Power Supply Sensithvily .75 <« Vg < +6.25 18 * Lse
AC ACCURACY
Spurious-Free Dynamic Renge(s} fin = TkHz 90 * dB
Tolal Harmonic Distortlon -90 * dB
Sighatto-(Naise+Distortion) = 1kHz 83 86 B
Slgnakto-Noise fin = 1kHz 83 86 dB
Channel Separation®® = 1kHz 100 120 * * dB
-3dB Bandwldth 2 * MHz
Useabie Bandwidth(?) 90 * kHz
SAMPLING DYNAMICS
Aperture Delay 40 * ns
Translent Response® FS Step 5 * us
Overvattage Recovery'® 1 * us
REFERENCE
Internal Reference Voltage 248 25 252 * * * v
Intemal Ri nce Source Current 1 * pA
(Must use exlemal buffer)
External Reference Voltage Range 23 25 27 * * * v
for Specified Linearty
External Reference Current Drain VRer = 42,5V 100 * A
DIGITAL INPUTS
Loglc Levels
Vi -0.3 +0.6 * * v
Vi 424 Vg +0.3V * * v
W $10 * pA
™ 110 * HA
DIGITAL OUTPUTS
Data Format Porafiel In two byles; Serial *
Data Coding Binary Two's Complement *
Vou Isnk ® 1.6mA 04 * v
Vou Isoyrce = 500nA + * v
Leakage Current High-Z State, Voyr = 0V to Vg 5 * HA
Oulput Capactiance High-Z Stale 15 * pF
The Information provided herein Is belleved to be reliable; however, BURR-BROWN assumes no for or BURR-BROWN

assumes no responsibliity for the use of this Information, and all use of such information shal be entirely at the user's own risk, Prices and specifications are subject
to change without notice. No patent rights or licenses to any of lhe circults described hereln are implled or grarted to any third parly. BURR-BROWN does not
autharize or warrant any BURR-BROWN product for use in (ife support devices and/or systems.

ADS7825 ) 2
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SPECIFICATIONS (conT)

ELECTRICAL
At T, = -40°C to +85°C. f, = 40kHz, Vg, = Vg, = Vg = +5V 5%, using external reference, CONTC = 0V, unless otherwise specified.

ADS7825P, U ADS7825PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
DIGITAL TIMING
Bus Access Time PAR/SER = 46V 83 * ns
Bus Relinquish Tims PAR/SER = 45V 83 * ns
Data Clock PARSSER = 0V
tmlernal Clock (Output only when EXTANT LOW 0.8 1.5 * * MHz
transmitting data) .
External Clock EXTANT HIGH 04 10 * b MH2
POWER SUPPLIES .
Vg = Vg, = Vg 4476 46 465.25 * * * v
Power Dissipation fg = 40kHz B 50 * mw
PWRD HIGH 50 * v
TEMPERATURE RANGE
Specified Performance ~40 +85 * * °c
Storage -5 +150 * * °C
Thermal Resistance (€)) . \
Plastic DIP 75 * CMW
S0IC 75 * CAW

NOTES: (1) An asterik (%) specifies same value as grade io the left. (2) LSD means Leasi Significant Bit, For the 16-bit, 10V Input ADS7825, one LSB Is 305uV. (3)
Typlcal rms noise al worst case transitions and temperatures. (4) Full scale eror is the worst case of —Full Scale or +Full Scale untrimmed deviation from ideal first and
Iast code Irensitions, divided by the iransition vollage (not divided by the full-scele range) and inciudes the effect of offset arror. (5) All spactfications in dB are referred
to a full-scele £10V Input. (6} A full scale sinewave input on one channel will be sttenuated by this amount on the other channels. (7) Useable Bandwidih defined as
FulkScale input fraquency &t which Signak-to-(Noise+Distortlon) degrades to 6048, or 10 bits of accuracy. (8) The ADS7825 will accuratsly acquire any input step if given
a full acquisition perlod after the step. (9) Recovers to spacified performance after 2 x FS Input overvoliage, and normal acquisitions can begin.

PACKAGE/ORDERING INFORMATION

PACKAGE MINIMUM SIGNAL-

DRAWING TEMPERATURE MAXIMUM INTEGRAL TO{NOISE + DISTORTION)
PRODUCT i PACKAGE NUMBER(" RANGE LINEARITY ERROR (LSB) RATIO (dB)
ADS7825P Plastic Dip 246 —40°C 1o +85°C 13 . e
ADSTB25PB Plastic DIp 246 ~40°C 1o 485°C 12 86 .
ADS76250 SoIC 217 —40°C {o +85°C 13 83
ADS7825U8 SOIC 217 ~40°C lo +85°C 12 86

NOTE: (1) For delailed drawing and dim enslon {able, please see end of data shest, or Appendix C of Burr-Brown IC Data Baok.

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
- £15V TOP VIEW DIPISOIC

Analog Inputs: AINg, AIN, AINp, AIN, ...

REF .. (AGND2 ~0.3V) lo (Vg +0.3V) <7
CAP .Indefinite Short lo AGND2, 1 '/
Momantary Short fo Vg AGND1 28 | Vg
Vg and Vg, to AGND2 v § [or |
Vsi110 Vsy AN i Ve
Difference between AGND1, AGND2 and DGND AN, 26 | PWRD

Digilai inputs and Outpuls

Junction P 150°C AN, ; CONTC
Internal P ower DI 825mwW )
Lead Temp 108) +300°C AlN, | 24 | BUSY
Maximum Input Current to Any Pin __. .. 100MA cap . 23| G5
REF |7 [22] i€
ELECTROSTATIC u it
AGND2| 8 21| BYTE
DISCHARGE SENSITIVITY p———T) 20 | ParisER
. - . [ Fo e
This integrated circuit can be damaged by ESD. Burr-Brown TRI-STATE (D610 19 | AD
recommf.nds that all integrated circuits be handled with TRI-STATE | Ds|11] 18 | a1
appropriate precautions. Failure to observe proper handling 1 = == \
and installation procedures can cause damage. EXTANT : D412 17} 00 | ThG
ESD damage can range from subtle performance degrada- sYnNG D313 18J01 | SDATA
tion to complete device failure. Precision integrated circuits DGND : DATACLK

[=

may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications. :
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BG&E Calculation CA07018, Revision 1 : Attachment 4

Ideal ADC Transfer Functions for the Positive Range of the Burr Brown ADS7825

» fr
Vpfs:i= 10 N:=2" ni=0.(N<1)  LSBi= ~22.0} vii = n'LSBi
The Entire Positive Range From Zero to +10 Volts
3.28-10°

~ 2550°
'a 4
B 260

8 4
Q  229m0* [ :
5 oo

5 1.64-10"
2 )

3 a0t

&
& 9830.4
| 6553.6
on
/A 3276.8

: <

U

0 IOOb 2000 3000 4000 5000 6000 7000 8000 9000 1-10"

Input Voltage (Millivolts)

Ideal Transfer Function in the Néighborhood of Zero

10
— 9
g
E 3
19}

L
e 7
)
g 6
=z 5
-
3 4
g
(@) 3
E
A 1
"o 0.31 0.61 092 122 1.53 1.83 2.14 2.44 2.75 3.05

Input Voltage (Millivolts)
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BG&E Calculation CA07018, Revision 1 Attachment 4

Ideal Transfer Function in the Neighborhood of Full Scale

3.2768-10°
3.2767-10*
N .
E 3.2766-10"
B
% 3.2765-10*
2
§ 32764 -10°
Z,
5
& 32630
@]
E| 32762-10°
j=y
A
3.2761.10*
3.276.10°

9997.5586 9997.8638 9998.1689 9998.4741 9998.7793 9999.0845 9999.3896 9999.6948 1-10*

Input voltage (Millivolts)

Transfer Functions Considering Only Offset Error and Full-Scale Error

Using the values from the ADS7825 data sheet: Vos = +/-10 mV (+/-33LSBi where LSBi = 202%(-16))
and FSE = +/-10*0.25/100 = +/-25mV (+/-82LSBi). Note 4 states that the full-scale error includes the
offset error which leads me to believe that the full-scale error with offset zeroed out is (82 - 33)*LSBi =
+/-491.SBi (since offset errors shift the ideal transfer function to the right or left). This means that there
are two slopes for the worst case transfer functions which are slightly different from the slope of the ideal
transfer function. This translates into slightly different values of LSB for the two cases: LSB1 for the
slope corresponding to the -49 LSB! error; and, LSB2 for the slope corresponding to the +49 L.SBi error

given by:
10° - 49.L8Bi
LSBI iz~ LSBI = 0.30472
32768
. LSBi = 030518
LB ;= L0+ 40-LSBI LSB2 = 0.30563
32768

Then the offsets can be added in to give the worst case transfer functions where the offset and gain
errors add together so as to make the total error the greatest. These two straight lines are the envelope
of the bundle of all possible straight lines which meet the offset and FSE of the part.

vtlI1 1= =33.LSBi + LSBl.n

vt2“ = 33-LSBi + LSB2:n

CCN-I1C009002 Rev. 1 Page 2 of 4



BG&E Calculation CA07018, Revision 1 Attachment 4
/ N
vtl And vt2 For The Positive Output Range From 0 To 10 Volts
100
) % | %
g 8l A
8 70 // - - /
% oU /
2
E s /
Z /|
8 40
& /
(o] 30
g
=) 20
10
% 5 10 15 20 25 30 35 40 45 50
- Input Voltage (Millivolts)
_ Transfer Functions in the Neighborhood of Zero
100 T T T g o
0 H Transfer Function Given by vtl _,r"/‘ ’,.r'"H
"L Ideal Transfer Function
’, g sol-+/ Transfer Function Given by vt2 »*’Ffr r""f
‘ T .r"'ff Zf
e fx" j,/" P
z o 7 P )
g 50 P " ol
E‘ 40 fﬂfﬁ j_,_rr’H f"f
8 30 1 ..rrfﬂf o
g
A ﬂf ,f"f fj/
W o i
10
u .//” r',r‘_,,o-’ rﬂ/f
=10 -5 "0 5 10 15 20 25 30

Input Voltage (Millivolts)
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BG&E Calculation CA07018, Revision 1 \ Attachment 4

Transfer Functions in the Neighborhood of Full Scale

327710° e

4 Transfer Function Given by vt1 ] / . / ‘
3276:10° I Ideal Transfer Function / /
3275.10° - Transfer Function Given by vt2

3274.10° / / /
327310 // / /
3272-10° / / /
az2m e / .'/ /
327-10° / / /

3.269-10° / /
3.268-10" / /
/ / /

326710
9920.04 993054 994104 9951.54 9962.0¢ 9972.53 9983.03 9993.53 1-10° 1.001-10.003:10

Digital Output Number (Decimal)

Input Voltage (Millivolts)

Transfer Functions in the Neighborhood of +5 Volts

1.648-10 T T T 51 soV7)s

4 | ¥ Transfer Function (ﬁ‘\;/aén by vtl /] I / /
1.646:10° |7 I Jdeal Transfer Function / ' / /
1.644-10" |- Transfer Function Given by vi2 |- v b

1.642-10° : / / /

K / T

1.64-10° : / /] : 7

1.638-10* I/ A

| / 10584

1.636-10" // ' : v \ ,/g

1.634-10: ;L// // |
f
1
i
Il

Digital Qutput Number (Decimal)

1.63210 / /;

| 610" Va / 1 \/
‘ / / | /4/
1.628-10° -

4950 4960 4970 4980 4990 5000 5010 5020 5030 5040 505¢

Input Voltage (Millivolts)

The worst case error at n = 18384 (where vti = 5000 mV) is +/- 17.5 mV (+/- 16.44LSBi). in general,
the worst case error at any voltage V in mV is +/- (vt2-V) with vt2 evaluated at n = (V/10000)*32768.

i
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