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Thermocouple Calibration
Calibration Standard - Fluke 9102S Drywell Bath
S/N 85A281

y = -3E-05x2 + 0.0128x - 0.0657 |
= 0.9441

Simulated Temperature in Fluke 9102S Drywell Bath
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y = -2E-O5x2 +0.0026x - 0.1325 |
=1, 9176
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—&— Four-in-One Sheathed Type K Thermocouple

—&— Fluke 189 Thermocouple

--------- Poly. (Four-in-One Sheathed Type K Thermocouple)
Poly. (Fluke 189 Thermocouple)
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Un-Calibration
Use an Un-calibrated Standard




Un-Calibration
Misread Your Instrument
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Un-Calibration
gMisread Your Instrument
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Static Pressure, in.w.c.
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Static Pressure, in.w.c.
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Static Pressure, in.w.c.

2.4

2.2

2.0

1.8

1.6

14

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Transmitter Operating Curve
1 —  — Minus Tolerance Line M U |t| pOI nt Cal I bratlon
: ———Plus Tolerance Line
| ---&--Field Tech Adjustment to Match

U-tube Manometer
] Drift After Three Years

¢ Indicated Reading Compared to an 7
i —— —Actoat Yalve of tO-inwe—————1—TT 73 S sk s i R R i S i s i
] Calibrate against a
- known reference at the
low end of the range
] » Atmospheric pressure
] _ iIs known
Transmit
| # Diaphram T
&

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Current Loop, ma

INPUTS - CALIBRATION




Static Pressure, in.w.c.

2.4

Transmitter Operating Curve

2.2 -
1 —  — Minus Tolerance Line ,/‘
2.0 - Pirx
18 4 ——Plus Tolerance Line
1.6 v --&--Field Tech Adjustment to Match
U-tube Manometer
4 -
: Drift After Three Years
1.2 -
¢ Indicated Reading Compared to an ‘
10 94— - - Actuat Value of EG-inwe.— ==~~~ 5 S T s G A B S S i e
0.8 - . :
Calibrate against a
0.6 - known reference at the
low end of the range
A « Atmospheric pressure
0.2 A o iIs known
: Transmit' ,  get the zero against
00 - _ Diaphram T [ e
' peit this known condition
-0-2 L L] n L L] L L] L] L] L | L L) L] L} L] | | L] L) L] | | L] L] L L] Ll L L] L Ll T T ¥ Ll T T ¥ T L] L] T L] 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Current Loop, ma

INPUTS - CALIBRATION




Static Pressure, in.w.c.

2.4

2.2

2.0

1.8

1.6

14

1.2

1.0

0.8 -

0.6 -

04 -

0.2 - .
| Transmit

00 - Z Diaphram T

e

-0.2 L] | | | | | L] L} L] L} L | L] L} L] | L] L | L] L § L] 1 L] L 1 1 ) 1 L}

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14

—r——Actuat Yalwe o Orinwe. 1=~ 1T2r<

Transmitter Operating Curve

1 —  — Minus Tolerance Line

— ——Plus Tolerance Line

---&--Field Tech Adjustment to Match
U-tube Manometer

Drift After Three Years

¢ Indicated Reading Compared to an

o s~ s~

Current Loop, ma

INPUTS - CALIBRATION

Calibrate against a
known reference at the
high end of the range



Static Pressure, in.w.c.
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o Set 55°F
 Reads 2°F low

Discharge Controller
« Set 55°F
« Reads "2°F high

Relative Calibration/Accuracy
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o Set 55°F
 Reads 2°F low

Discharge Controller
« Set 55°F
« Reads "2°F high

Bottom Line:

Because of relative vs. absolute accuracy, two sensors
that met their specs (+/-0.5°F accuracy) took air that was
the temperature you desired and used energy to heat and
cool it to deliver it at the wrong temperature

Relative Calibration/Accuracy

] .
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Similar Issues Exist for Other Sensing
Technologies; Measuring Flow For Example

« Many flow measurement systems are velocity pressure
based

* Velocity pressure varies as the square of the flow

 A50% flow reduction reduces the measured signal to
25% of what it was at 100% flow

Flow sensors assume a uniform velocity profile

 For many HVAC systems, the conditions entering and
leaving the flow sensor can distort the flow profile and
thus the accuracy of the measurement

In the video that follows, watch the waves in the
stream as the water approaches and departs from the
rocks in it
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Flow Calibration; One Point Doesn’t Fit All

% Bottom line: flow calibration

curve iIs based on a uniform,

_ non-varying flow profile

Flow sensors calibration curves established by factory test
Damper held fully open for the entire flow range
Flow varied by varying fan speed on the fan in the test rig
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Flow Calibration; One Point Doesn’t Fit All
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‘/ > But in the real world, the
damper is seldom if ever wide

open
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In the real world, with a good inlet condition and a wide open
damper, things tend to match up pretty well
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Flow Calibration; One Point Doesn’t Fit All
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‘/ > But in the real world, the
damper is seldom if ever wide

open

ducts are straight
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In the real world, with a good inlet condition and a wide open
damper, things tend to match up pretty well
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Flow Calibration; One Point Doesn’t Fit All

é
‘/ > But in the real world, the
damper is seldom if ever wide

open
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In the real world, with a good inlet condition and a wide open
damper, things tend to match up pretty well
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Flow Calibration; One Point Doesn’t Fit All

As the terminal unit damper begins to throttle the flow profile
upstream of it begins to distort because the air is directed towards
the sides of the box and accelerated by the closing damper
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Flow Calibration; One Point Doesn’t Fit All
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As the terminal unit damper begins to throttle the flow profile
upstream of it begins to distort because the air is directed towards
the sides of the box and accelerated by the closing damper
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Flow Calibration; One Point Doesn’t Fit All

CFIow

As the terminal unit damper begins to throttle the flow profile
upstream of it begins to distort because the air is directed towards
the sides of the box and accelerated by the closing damper
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Flow Calibration; One Point Doesn’t Fit All

CFIow

Calibrations based on at least two data points representative of the
actual extreme operating conditions of the terminal unit will
generally provide better results vs. a one point calibration
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Field Data from the “Show Me” State

Building Control System Data

Set point 1,800 cfm

Indicated Flow 1,835 cfm
(102% of set point)

Set point 700 cfm

Indicated flow 717 cfm
(102% of set point)

Field Test Data (Traverse basis)
Set point 1,800 cfm
Traversed flow 1,962 cfm
(107% of indicated)
Set point 700 cfm
Traversed flow 1,125 cfm
(157% of indicated)
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Field Data from the “Show Me” State

Read the paper and the presentation from NCBC 2013 at
http://tinyurl.com/RonNCBC2013Presentation and

http://tinyurl.com/RonNCBC2013Paper

INPUTS - CALIBRATION




