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Verify Input/Output Details 
Calibration
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Factory Calibration

• A good start
• Addresses the factory 

provided components
• Does not address the 

potential field impacts
‒ Position effect
‒ Lags
‒ Lead resistance
‒ A to D conversion
‒ D to A conversion
‒ COV limits
‒ Bifocals
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Calibration
More than an Offset
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Un-Calibration 
Use an Un-calibrated Standard
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Un-Calibration
Misread Your Instrument
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Un-Calibration 
Misread Your Instrument
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Transmitter is indicating 
0.80 in.w.c. but when 
comparing it to a 
manometer, because o f 
parallax, the control tech 
reads it as 0.78 in.w.c.
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Zero …Zero …
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… and “span” 
adjustments are made to 
bring the transmitter 
reading into agreement 
with the observation

… and “span” 
adjustments are made to 
bring the transmitter 
reading into agreement 
with the observation

12INPUTS - CALIBRATION



13

Note that the 
current reading 
is right …

Note that the 
current reading 
is right …

… but the device is 
no longer accurate at 
the ends of the span
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… but the device is 
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An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
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• Right at one point 
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An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
• Accurate over a part 

of the range
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An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
• Accurate over a 

narrow range
• Wrong at the 

extremes of the range 

An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
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• Wrong at the 

extremes of the range 
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Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known

Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known

Multipoint Calibration
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Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known
• Set the zero against 

this known condition

Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known
• Set the zero against 

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

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

reference = important
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• Quality of the 
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Calibrate against a 
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over the range
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Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
• Set the span to match 

the known parameter
• Assumes linearity 

over the range
• Zero and span may 

interact
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T Fz

T

55°F

Preheat Controller
• Set 55°F
• Reads ½°F low

Discharge Controller
• Set 55°F
• Reads ½°F high

Relative Calibration/Accuracy
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56°F

55°F

54°F

Relative Calibration/Accuracy
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T Fz
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Preheat Controller
• Set 55°F
• Reads ½°F low

T
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• Set 55°F
• Reads ½°F high
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56°F

55°F

54°F

Relative Calibration/Accuracy
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T Fz

55°F

Preheat Controller
• Set 55°F
• Reads ½°F low
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Discharge Controller
• Set 55°F
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56°F

55°F

54°F

Relative Calibration/Accuracy
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T Fz

55°F

Preheat Controller
• Set 55°F
• Reads ½°F low

T
Discharge Controller
• Set 55°F
• Reads ½°F high
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T Fz

T

55°F

Preheat Controller
• Set 55°F
• Reads ½°F low

Discharge Controller
• Set 55°F
• Reads ½°F high

Relative Calibration/Accuracy
31INPUTS - CALIBRATION

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



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
• A 50% 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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http://tinyurl.com/3bsy6bj 
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Flow Calibration;  One Point Doesn’t Fit All

Bottom line:  flow calibration 
curve is based on a uniform, 
non-varying flow profile

T

F

CFlow

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

In the real world, with a good inlet condition and a wide open 
damper, things tend to match up pretty well

But in the real world, the 
damper is seldom if ever wide 
open

(but at least the inlet 
ducts are straight)

T

F

CFlow
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Flow Calibration;  One Point Doesn’t Fit All

T

F

CFlow

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

T
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As the terminal unit damper begins to throttle the flow profile 
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Flow Calibration;  One Point Doesn’t Fit All

T

F

CFlow

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
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