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) ~—~The calibration of analog electronic pro-
s \ . portional controllers requires the knowledge of
'ﬁiﬁéﬁﬁ%ﬁ&[ﬁggj at least three characteristics of the control-
- - ler: the action, the setpoint, and the throttling
- range. -

N,
O F

Action. A controller is either direct Vo
acting or reverse acting. In a direct acting "l
controller an increase in the input signal

: results in an increase in the output signal. In

.Q_ a reverse acting controller, an increase in the

e input to the controller results in a decrease in

the output from the controller.

B o od Setpoint. The value to which the control
R point setting mechanism is set. For example, a

humidity controller might be set at 50% relative

humidity. The actual measured value of humidity,

el or control point, may be different from the

9) setpoint.

. Throttling range. The change in the input
- variable required to produce a full scale change
0 in the output variable. For example, if a 10%
o ) change in relative humidity results in the
B et IR IR output of the controller varying from its minimum
to maximum values, the throttling range is
10% rh. See Figure 1.

An additional specification, the ratio, is
required to calibrate dual input controllers.
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Figure 1. Illustration of control nomenclature.

.
. - ,
e -
W AU S g ce e N = * . s .-..- " ‘ .. e T . s . ‘. - - “n T - e ' - - LTS 4 - .
’ . Celoa T NN T T T e e e e e e
P S L R R A . - \ - RS LTSt . S et e .
PRSP IR IR I WOl 3Py SRR SIS Y IR PO PAEIRIERT RS IS SR AN I SRR




L2t gk b g Sotsl Nhallt Sani Sak e sl Siet Mea Shug Bavtc Mens Mher e il i it e e it e R Sl M i JRe ¢ B i S i i - RN e - ok 0 Ae o "'.E'-WT\'T

Ratio. The amount of influence the second
controller input has on the output as compared
to the influence of the primary controller
input.

- Throttling Range of
- Second Sensor
RATIO = Throttling Range of (1)
. Primary Sensor

For example, if the ratio equals 1/2, a one unit
change at the second sensor would have the same
effect on the output as a 2 unit change at the
primary sensor, if the ratio equals 1 both
sensors have the same influence, and if the
ratio equals 2, a 2 unit change at the second
sensor would have the same effect on the output
as a one unit change at the primary sensor.
Electronic controllers usually permit adjustment
of the ratio from a value of about 1/2 to a
value of about 20.

Authority. The word AUTHORITY is used by
some controller manufacturers to describe the
relative influence of two controller inputs on
the controller output.

Throttling Range
of Primary Sensor

AUTHORITY = Throttling Range 100
of Second Sensor
4:;TM'va-w4 -
Q. | A picture of a two input controller is presented

= in Figure 2.
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GENERAL PROCEDURE

""" The calibration procedure follows these
steps:

(1) -*Measure the controller input(s),

€% Calculate the predicted controller
output, __
) >

—-——

(3) SMeasure the actual controller output,:r

(4)-¢A&i§§§4the controller as required.

T e e —— ——— =

> Using this procedure, controller perfor-
mance is evaluated at the control point, or
actual condition, rather than the setpoint,
which is the idealized, desirable condition.
This means that only those controllers which are
actually out of calibration need to be adjusted -
controllers that are in calibration need not
have any settings or adjustments changed. If a
controller cannot be calibrated or will not
remain calibrated for a responsble period of
time, it is defective and should be repaired or
replaced,\

,‘\

Single Input Controllers

First, determine the desired action, set-
point, and throttling range for the controller
in question from the plans or specifications for
the control system. Remove the cover from the
controller and examine the settings on the
controller chassis. Verify the action and
throttling range setting. Most electronic
controllers select action by jumper connections
on the circuit board.

Next, measure the controlled variable-mixed
air temperature for example. Use a calibrated,
independent instrument for this measurement.
Then apply these data to the following equation.




= S - SP
Vour = vMid-Pointt< TR )"VR (2)
where: v = predicted controller output,
our
volts
vmid-point = controller output when

sensor is at mid-point of
throttling range, volts

S = value of measured variable,
°F, % RH, psi

SP = setpoint, °F, % RH, psi

TR = throttling range, °F, % RH,
psi

VR = Voltage range from (minimum
to maximum) of controller
output, volts

.\ Voltage midpoint and range are usually adjust-

able. Commonly used values are 6 volts minimum
to 9 volts maximum, for a midpoint value of
7.5 volts and a range of 3 volts. The positive
sign is used for direct acting controllers; the
negative sign for reverse acting controllers.
Next, measure the actual output voltage of
the controller. Compare the measured voltage to
the predicted output voltage. If the two values
differ by more than about 5%, the controller
needs to be calibrated.

Example. A direct acting analog electronic
controller is used to control the mixed air
temperature (see Figure 3). The controller set-
point is specified to be 55°F and the throttling
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range is 4°F. The measured mixed air temperature
equals 56.5°F. The predicted controller output
voltage (from equation 2) is therefore

— 56.5 - 55 —
VOUT = 7.5 +< A >x3 = 8.63V

The measured output voltage equals 8.2V,
for a difference between predicted and measured
values of about 5%. Therefore, the controller
should be calibrated.

Calibration Procedure for Single Input Controllers

The calibration procedure for single input
controllers is as follows:

Procedure A

(a) Loosen the set point scale.

(b) Turn the setpoint adjustment screw
until the controller output voltage equals the
predicted voltage (8.63 volts in the example)

(c) Turn the setpoint scale until the
indicated value of setpoint equals the desired
value (for example, the pointer points to 55°F).

(d) Tighten the set point scale.

(e) Wait for the HVAC system to come back
into equilibrium and repeat steps (a) through
(d) as a check. Since changing the controller
output (Step b) will cause movement of the final
control element (e.g., damper or valve), steps a
through e may have to be repeated.
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Mixed air temperature, F

Figure 3. Control of mixed air temperature with single
input controller.
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A diagram illustrating the calibration
procedure is presented in Figure 4.

A second calibration procedure may sometimes
prove to be useful.

Procedure B

(a) Adjust a precision variable resistor
or resistance decade box to the value of resis-
tance of the sensor at the s?ﬁpoint temperature.
For example, 1,000 ohm BALCO ~ wire sensing
elements, which are frequently used as temperature
sensors, have a resistance of 967.83 ohms at
55°F (see Appendix A) so the variable resistor
would be set to 967.83 ohms as measured by
volt-ohm meter.

(b) Disconnect the sensor from the controller
and connect the variable resistor in its place.

(c) Loosen the setpoint scale.

(d) Turn the setpoint adjustment screw
until the controller output voltage equals the
mid-point voltage (7.5 volts in the example).

(e) Turn the set point scale until the
pointer is aligned with the desired value of
setpoint.

(f) Tighten the setpoint scale hold down.

(g) Check calibration after system has
returned to equilibrium conditions.

L ANRL .
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Controller outpur, V

9
2. Predict V out = 8.63V /
<————--—<—————<———-———-<———-—‘

3 Measure V out = 8. 20V .

|
[}
|
. ‘ 1. Measure Tma =
Set points |
desired actual |
i i v v 1 o 1 p—
53 54 55 56 57 58

. . Q
Mixed air temperature, F

NOTES:

(1) Turning the set point adjustment screw shifts
curve B upward and aligns it with curve A.

(2) Prior to calibration, the controller was controlling
to a set point of about 55.6 F, although the set
point scale read 55 F.

(3) Realigning the set point scale assures that the
mid-range controller output occurs at the
desired set point.

Figure 4. Diagram of calibration procedure A.

10

35N3dX3 LNJWNHIAO0D, LV G390)00u43Y

56.5




Dual Input Controllers

The calibration procedure for two input
controllers is slightly more complicated because
the setpoint of the controller is automatically
changed, or "reset" by the second input to the
controller. For example, a two input controller

- might be used to change the temperature of the
water supplied to a chilled water cooling coil
based on measurement of outdoor air temperature.
This relationship between the variable measured
by the first sensor (chilled water temperature)
and the variable measured by the second sensor
(outdoor air temperature) is called a "reset
schedule". Knowledge of the specified reset
schedule is required to calibrate a dual input
controller. An example of the application of a
two-input controller and reset schedule is
presented in Figure 5.

The applicable equation for predicting the
output voltage of a dual input controller is

s, - SP,
Vour = VMid-Point ¥ w®, )" VR
S. - SP
2 2
+
* \RATIO x TR, | ¥ R (3)

where the subscripts 1 and 2 refer to the primary
and secondary (or reset) sensors respectively.
Most dual input electronic controllers permit
independent adjustment of SP SP2, TR1 and
RATIO.

11
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Sensor 1 l” ]
v . Sensor 2
' chilled
OUtdOOI ' water ——e—
b T
(reset) return chilled
water
210 supply

chiller

{primary)

b
b 2 - input controller
;_ Chilled water temperature reset
2
A
. & .
- = V1A
.8
ol
~
>
S
>
S
E B
£ VIBA
- V2A V2B
L Reset (2) variable .
S Reset schedule
e,
T3 Figure 5. Two input controller Nomenclature.
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The values of SP, and RATIO are dependent
on the characteristic§ of the reset schedule and
should be noted in the schedule data. If the
applicable values for SP, and RATIO are not
available, or if it is desired to change the
computed from the following relationships.

The value of RATIO can be calculated from 1
the relationship: !

2T, -T

R,
R <VOU'I‘,B '3UT,A> : <T1B 'T1A>

where the sign of the numerator is (+) if the
reset sensor (sensor 2) has a direct action and
(=) if the reset sensor has a reverse action.
The sign of the second term in the denominator
is (+) if the primary sensor (sensor 1) has
reverse action and (-) if the primary sensor has
73 TP - direct action. The possible forms of equation 4
are presented in Appendix B.

Conditions "A" and "B" are any two points
on the reset schedule. )

With knowledge of the value of RATIO, the ;
correct setpoint for the reset variable can be ’
calculated from

RATIO x TR1 \

= + S
; SP, Top t R

X (VOUT,A’VMid-Point) (5)

+ -
* RATIO x (%IA SP1>

where the sign of the second term is (+) if the ]
reset sensor has reverse action and (-) if the
reset sensor has direct action. The algebraic

’ ct T T
Y
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:; sign of the third term is (+) if the action of

: the primary sensor is the same as that of the

( reset sensor and (-) if the action of the primary
sensor is different from that of the reset
sensor. The possible forms of equation 5 are
presented in Appendix C. ~

With the knowledge of SP1, TR,, RATIO, and #

o SP2 in hand, the variables S1 and éZ can be

W measured and the output voltage of the controller 4

3 e can be predicted using equation 3. If the 7

[~ predicted value of the output voltage differs

from the measured value of output voltage by

more than 5%, then the controller should be

recalibrated.

Example. A two input controller is used to :
P change the setpoint of a controller regulating i
‘ the temperature of the water supplied to cooling
coils (Figure 5a). It is desired to change the
chilled water temperature according to the
S relationship to outdoor temperature illustrated
Jl dtbiadt et i in Figure 6. Reset is used in this application
to reduce energy consumption and preclude short
cycling of equipment. This example illustrates
a reverse action controller since an increase in
the reset variable (outdoor air temperature)
= results in a decrease in the setpoint. Since
. SPI’ SP2, TR, and RATIO are not specified, a few
préliminary cCalculations are necessary. It is
helpful to organize the data into tabular form
" as shown in Figure 6. Since reverse controller
action is desired, both sensor inputs must have
the same action. Set both inputs for direct
action. Select one of the primary sensor values
) as the primary set point (SPl). Choose SP1 = 45°F.
] Select a reasonable value for the primary
throttling range (TR.). Choose TR, = 4°F. As
in the previous example, the controller is
assumed to be set for Vyjdpoint = 7.5 V and

et B it aia

P i WY

Voltage range = 3V. From the information pre- ‘
f sented in Figures 4 and 5 and Appendix B,
14
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T, o-T

2B 2A

RATIO = TR]

'V§'<Y ouT,B”Y OUT,A) - (Tln'T1A>
(60-80)
g (9-6) - (55-45)

. . =20 _ 20

¥%-10 - "6 - 333

(6)

TR2 = RATIO x TR1 = 13.33 (7)

‘ From equation (5)

RATIO x TR
T 1

SPZ 2A ~ Volt Range

.. .v‘.:.. ‘i > E : l'
] X Vour,A VMid-Point

+ RATIO x (TIA-SP1>

_3.33 x 4
3

80 x (6-7.5)

+3.33 x (45-45) (8) |

80 + 6.66 + 0 = 86.6°F

'l

-
P
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, ‘ Outdoor air temperature, F '
- ,/}
! Point TCwS - 1| ToA - 2" Valve Position Controller Qutput
A 45 80 open 6
- B 5s 60 closed o
q Table of reset schedule L

Figure 6. Reset of chilled water temperature by
outdoor air temperature.
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Therefore, from equation 3,

T -45 T,,-86.6
Vour = 7-3¢ 4 x3+\"13.33

T -86.6
OA
X 3 + <—1—3—§—3—>x 3 (9)

Set the chilled water supply temperature
controller for setpoint 1 = 45°F, setpoint

2 = 87°F, throttling range = 4°F and RATIO = 3.33.

After operating conditions have stabilized,
measure the chilled water temperature (T,) at a
point near sensor 1 and measure the outdoor air
temperature (T,) at a location near the outdoor
air sensor. Use independent, calibrated instru-
ments for these measurements. Suppose the
measured values of T. and T, are 49°F and 74°F
respectively. Then %he output voltage from the
controller should be

_ 49 - 45 T4 - 86.6
Your ~ 7°5+< g )"3*< 13.3 )

x3 = 7.65V

If the measured output voltage equaled
7.4 volts, the difference would be

7.65 - 7.3

3 x 100 = 5%

and the controller should be calibrated.

In the example presented above, the cal-
culated values of both the RATIO and SP, were
within the capabilities of existing haraware.

17
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In some circumstances however, the calculated
values of RATIO or SP, may not be compatible
with the performance 6f the controller hardware,
e.g., a value of RATIO = 0.1 or a value of

SP, = -40°F. If the calculated values of the
cofitrol parameters fall outside the capability
of the controller being used, the values of the
independent controller parameters can be changed
and/or the reset schedule can be modified until
a combination of values is found which falls
within the capabilities of the hardware. For
example, the value of TR, can be changed and the
calculation of TR, and Sg repeated to see if
they fall within acceptabie limits (but do not
make TR, so small as to affect control stability
or so large as to affect control accuracy).
Sometimes switching which sensor is designated
to be the primary sensor and which is designated
to be the reset sensor will resolve difficulties
with controller capability limitations. Finally,
the reset schedule may have to be modified
(which usually means making the ranges of the
primary and reset variables smaller) to make the
desired performance conform to hardware.

Calibration Procedure for Dual Input Controllers

Because the output from a dual input con-
troller is dependent upon two independent inputs,
it is convenient to decouple the inputs and
adjust each one independent of the other.

(a) Disable sensor 2 (also called sensor B
on some controllers). This usually is done by
disconnecting the sensor leads. Some controllers
require removal of an additional jumper wire.

See specific instructions for the type of con-
troller being used.
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(b) Calculate the predicted output voltage,
measure the actual output voltage, and adjust
the setpoint scale for the primary sensor using
the procedures already presented for a single
input controller.

(c) With the primary sensor now calibrated,
reconnect the reset sensor. Measure the output
voltage of the controller and compare the measured
to the predicted value. Any difference now must
be due to miscalibration of the reset sensor.

(d) Loosen the setpoint scale and adjust
the setpoint dial for the reset sensor until the
measured output equals the predicted output.

(e) Tighten the setpoint scale.

The preceding calibration procedure assumes
that the throttling range and ratio adjustments
are in calibration. If a precision variable
resistor or resistance decade box is available,
both TR and RATIO can also be checked for cali-
bration. To check throttling range, disconnect
the reset sensor and calibrate the primary
sensor using procedure B for calibrating single
input controllers. Use Equation 9 to calculate
the temperatures that would have to be measured
by the primary sensor to obtain the extreme
values of output voltage. For example,

T1 min 45
6V = 7.5V + 2 4 x 3

neaclliialionnhon
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or

Tl,min = 43°F and Tl,max = 47°F

These values are, of course, equal to the
setpoint plus and minus one half the throttling
range. Set the variable resistor to simulate
43°F (942.64 Q for the sensors in the examples)
and connect the resistor in place of the primary
sensor. The output voltage should be 6V.

Repeat for 47°F; the output voltage should be
9V. Adjust the throttling range dial and scale
as required to obtain the correct minimum and
maximum output values.

After calibrating SP., TR, and SP,, the
RATIO adjustment can be cﬁecked for accCuracy.
First, it is necessary to eliminate the influence
of the primary sensor. This can be done by
setting the primary setpoint (SP,) to the measured
value of T1 (49°F in this example). A better
way is to use a variable resistor connected to
the primary sensor input to exactly balance the
primary sensor circuit. Again, calculate the
temperatures that would have to be measured
(this time by the reset sensor) to obtain the
extreme values of output voltage. For this

example
(T2 - 86.7)
- 2
6V 7.5V + \"3.33 x & x 3
and

T 86.7)
2,max
x 3

9v A

= pJ
7.5V +< e

20
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or

Tz,min = 80.0°F and Tz,max = 93.3°F

These values are equal to the reset setpoint
plus and minus the value of RATIO times half the
throttling range. Set the variable resistor to
simulate 80.04°F and connect the resistor in
place of the reset sensor. The output voltage
should equal 6V. Repeat the procedure for
93.37°F; the output should equal 9V. Adjust the
RATIO dial and scale as required to obtain the
correct minimum and maximum values of output
voltage.
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Appendix A

TEMPERATURE ERSUS RESISTANCE DATA
FOR BALCO™ " SENSING ELEMENTS
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BALCO WIRE SENSING ELEMENT
TEMPERATURE VS. RESISTANCE
{1000~ ELEMENT CALIBRATED AT 7O°F.)
TEMPERATURE RESICTANCE TEMPERATUEE  RESISTANCE
DEGREES F.  IN OHMS o:MS/ °F. DEGREES F. IN CHM3 CMS/°F
0 763.510 0.000 -6 8LL .75
g 765.253 1.778 :f 8L6.570
=l 767.052 1.731 848,522
47 768.853 1.784 -3 850.517
=46 770.641 1.788 -2 852,LL5
, 4 772.432 1.791 -1 85L.377
- o) T7L.225 1.794 0 8s6.
; <43 T76.022 1.757 1
r =42 T17.823 1.800 2
{j i1 9.620 1.E03 2
E <40 781.432 1.803
=39 783,252 1.810 5
P -38 785055 1.852 6
¢ -37 785.871 1.816 g
«36 788.€50 1.519
- -35 750.812 1.822 ]
e 30 782.3237 1.825 10
q =33 T94.125 1.823 11
S =32 T95.653 1.832 12
s =31 7567.833 1.835 3
-gg 99-23; 1.213‘5 14
. . - 01.51 1.841 15
SLE S ES T A -28 3435 1.645 16
=27 805.2C5 1.643 1
26 B07.036 1.851 1
25 8¢8.910 1.854 19 <
=24 810.757 1.837 20 S
23 812,623 1.851 21 &)
-22 Blil.kLc2 1.854 22 g
21 816.33 1.867 23 ol
20 818.223 1.270 24 c3
<19 820.102 1.573 25 <5
=18 821.579 1.8;’7 26 CT
-17 822.£29 1.E20 2 c3
=16 825.7-2 £33 2 i
«15 827.628 .85 29 12
14 829,113 1.290 30 15
«13 831.%411 1.£83 31 17
-12 833.307 1.£35 32 b
=11 354200 1.689 3 27
«10 837.1C9 1.603 34 2
-9 839.01% 1.9Co 35 523,
W -8 810.923 1.609 25 G2
- R ' .7 8“2.035 10912 37
q
. ~% &
8 :_\'J .
o 9'\‘:'.».0 ¢ 400
. e 20 o 13 o3
_ SABT. abM
oq" _\1 \v
c*‘ \ b}\
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TEMFERATURE  FESISTANCE TOMITAATUES REZISTANCT )
DEGREES F._  IN OHMS OHMS/°F. LESFEES F. DN OGUC cha oo ]
L
38 932,282 2.¢61 89 1041.21 2
2(9} 934.3L6 2.C54 S0 1Ch5.5 5 i
4 636,413 2.C57 Q1 20L5.77 2
o rme ﬁ% gﬁs.tag 2.071 a2 3 2 J
H2 e op . 0.55 074 93 2
‘3""'* .l h§ 43 8L2.535 2.077 ek 2.3 ;
44 9LL.716 2.031 95 2.2-2 4
is 946.52 2.034 96 2 3 J
L6 948,823 2.C87 9’5 2 . E
4 650.978 2.031 9 2,22
4 953.C73 2,634 99 2
49 655,17 2.038 1co 2 :
50 657.272 2.101 101 A
51 9:9.37) 2.1C4 102 2
52 981.433 2.1083 103 2
53 963.52% 2.111 104 2
54 965.709 2.114 105 2
55 967.225 2.113 105 o
56 669.5:3 2.121 1c7 c
5 2.125 108 2
5 2.223 103 2
59 2.131 119 2
€0 24235 111 z
61 2.133 112 2
62 2.1-2 112 z
3 2.145 1xs 2
64 2.153 115 2
65 2.i52 115 z
€6 2.155 11'§ 2
6 2.153 11 2
6 2.1c2 119 2
69 2,153 123 I
X 70 2,153 121 2
. 7 2.170 22 2
. 72 2,172 123 2
73 24251 1z! z
T4 2.184 155 2
B 75 2.3¢ 125 2
76 2,180 27 z
F by 2,152 10! 2
] 73 2.1 129 c
2.153 20 2
1 Eo 2.2C0 131 z
" 81 2.203 122 z
82 2,285 133 z
o 83 2.203 1z« -
P 84 2.211 133 <
- 8s 2.214 135 &
- B €5 2.217 1z7 e
4 "“‘ L Taach el renw 85 2.223 135 2
r: . 8 0222 139 e
.

o

A-3

——
S Y




e “Mihe i ™ e “Sadin “Shite * Sthe “Mike ‘il SRdhotahih “th e Nl i Y Y PO S e S PR S i " - . B £ A - R () ~ M b S S e "R - - A T LN LR

SEMPERATURE  FRESISTANCE TEMPERATURE RESISTANCE .
DEGRZES _F. IN OMMS CHMS/*F. DEGREES F. TN OHMS CHMS/°F.
ako ns8. Iu 2.357 189 1277.17 2,473
151 1101, 2.339 190 1079,.E5 2,475
142 1163.45 2.362 191 1282.13 2,477
143 1165.83 2.354 192 1285.51 2,452
44 1163.19 2.307 193 1257.22 2,522
45 1170.56 2.389 194 1289.57 LSz
146 1172.93 2,372 195 282,26
24 3175.21 2.374 196 1224.35
14 2177.05 2.376 3 12¢7.C4
149 1180.C6 2.379 19 1232.33
150 1n82.44 381 199 13¢2.22
151 1284.33 2.384 200 13Ce.52
152 1187.21 2.385 201 307.C2
153 1189.£0 2.389 202 305.5
154 1161.99 2.391 203
155 1194,39 2.394 204
156 1196.78 2.395 205
157 1139.13 2.368 205
158 1201.53 2.401 207
[‘. 159 1203.29 2,503 208
. 160 1206.33 2.405 203
. 161 1203.C2 2.4c8 210 :
L 162 1211.22 2.210 2n C
163 1213.62 2.423 212 iy
164 1216.04 2.415 213 N
165 1218.:5 2.517 214 .
165 1220.E£3 2.420 215 »
16 1223,3) 2.522 216 "]
16 1225.72 2.425 217
269 1223.15 2.427 21
170 1230.53 2.k29 219 .
171 1232.01 2.432 220 by
172 1235,.L4 Z2.L34 221
173 1237.53 2.435 222 -1
174 120,32 2.439 223 ]
175 12L2,76 oSl 224 1
176 1245.20 2.4L3 225 )
277 1247.65 2.5:6 2256 -
178 1250.20 Qeh-o T
179 )252.55 2.450 .0 -
180 1255.69 2.552 229 .
281 1257.:5 2.455 230 )
162 1255.81 2.457 231 .
183 1202.,‘ 2.450 232 o
184 126453 2,462 233 )
185 12£7.33 2,464 234 )
185 126556 2.L65 235 2
1E7 1272.23 2,288 225
188 127479 2.572 237 -
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Appendix B

EQUATIONS FOR RATIO

Case 1 - Controller action: Reverse, sensor
.ot actions (P/R): direct/direct

peot )
T,,-T
RATIO = = 2B 24 :
; 1 Voo oV - (T T O
! - Voltage Range \ OUT,B 'OUT,A 1B "1A i
;
P Case 2 - Controller action: Reverse, sensor i
a actions: reverse/reverse 3
e, |
; | RATIO = = 2B "2A 3
g 1 - -
Voltage Range <VOUT,B VOU’I‘,A)_+ (TIB T1A> E
R
? : Case 3 - Controller action: direct, sensor i
S s oty actions: direct/reverse .
: (Tza'T2A>
‘ ‘ RATIO = TR
! 1 V.o oV - (1, ,-T
o, Voltage Range |\ OUT,B "OUT,A 1B "1A
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Case 4 - Controller action: direct, sensor
actions: reverse/direct

T,,-T
RATIO = 2824
TR1
Voltage Range VOUT,B-VOUT,A * TlB.TlA

etk SRR A * % 0 A5 B
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Appendix C
EQUATIONS FOR SP2 )
Case 1 - Controller action: reverse, sensor
actions (P/R): direct/direct
- RANGE x TR1
- SPZ = TZA B Voltage Range X (VOUT,A-VMid-Range)
[.-
.-
;_ + RATIO x (TIA SP1> ’
I.iii&ii%ﬁégaau '
y Case 2 - Controller action: reverse, sensor
- actions: reverse/reverse
- RATIO x TR, '
SBy = Tyt Voltage Range x vOUT,A-VMid-Point>
+ RATIO x (flA-SP1>

Case 3 - Controller action: direct, sensor
. actions: direct/reverse

. e~ ® e _¥_ria am

_ RATIO x TR _
P2 = Tia * Voltage Range * <VOUT,A VMid-Point)

- RATIO x(TlA-SP1>

C-1
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Case 4 - Controller action: direct, sensor
actions: reverse/direct

RATIO x TR

g N 1 | »
- SPy = Tyy Voltage Range * (VOUT,A VMid-Point) ‘

- RATIO x(TlA-SP1>
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