ET 438b Sequential Control and Data Acquisition
Department of Technology

LESSON 4: ON/OFF CONTROL
APPLICATIONS AND DESIGNS

LEARNING OBJECTIVES
After completing this lesson you will be
Explain the operation of on/off controllers

Explain how hysteresis improves stability of on/off controllers
Design an on/off controller using a comparator with hysteresis
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SIMPLE DIGITAL CONTROL
ON/OFF PROCESS CONTROL

In on/off control error signal is binary in nature.
Final control element is
run at either 100% or 0% ‘ Disturbances

! Controlled
B Ma_nlpulated variable
variable

Control >
Element

Error

—l Cog;(l}ler PREIEUCINE  comparator

Signal
Conditioning

Comparator is hardware or
software that compares

the sensor value to the
desired value (setpoint) and
then outputs a binary value |

| ¢ Setpoint

ON/OFF CONTROL EXAMPLE

Home heating
‘ Heat Loss
Room

Temperature

Furnace
run time

Fuel/Fan Error
a— Electric ~ PRSIUCINEN  Thermostat
Control

Mechanical
Scale Setting

Bimetallic
Strip

When room temperature falls
below a preset temperature, the
thermostat contacts activate

the furnace fan and fuel supply.

| ¢=———t—— Desired Temperature
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Controller output goes
to 100% when the
temperature falls below
set point value .
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Example for furnace

shows furnace on when
temperature falls below
set point of 72 degrees
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DIFFERENTIAL GAP CONTROLLER

To improve the stability of an on/off controller a hysteresis is
added to the comparator element This is called differential

gap control

Logic - when measured variable goes above upper boundary
final control element turns on. Remains on until variable falls
below lower level Gap also known as dead zone. Typically 0.5-
2.0% of full range.

Gap introduces a known control error but reduces cycling

DIFFERENTIAL GAP CONTROLLER TIME PLOT

Furnace controller with T T
3 degree differential gap 4

Temperature below Set=72 g
degrees furnace on. Shut IR e Setd
off temperature is 'é
Set,=75 degrees. [

Famnace Cutpat

Time
—— Room Teauperitare
~— Fumace Cutpat.

Controller Logic: IF Room Temp < Set AND Furnace Output= 0 THEN Furnace Output =1 (T 1)
IF Room Temp < Set, AND Furnace Output= 1 THEN Furnace Output =0 (T])
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COMPARATORS WITH HYSTERESIS

Implementing Differential Gap Control with Comparators requires
hysteresis

Hysteresis - the output depends on the input
and the previous state of the output.

Inverting Comparator with Hysteresis !
Analysis: assume that V;, <V,

+10V

Vo = 0.8V,
V, =+ V= 8 Vdc

Determine V. from voltage divider formula

vl
* T\ R, +R,
Vref=8£ 5 ]:4Vdc
5k +5k

Define this as the upper trip point (UTP)

COMPARATORS WITH HYSTERESIS

Analysis continued Now assume that V,, >V,

+10V

ref

IfV,, > V., then V, = -V, = 0 Vdc

WhenV,, >0, V, =0 Vdc and V.= 0 Vdc

Sk Define as lower trip point (LTP)

Input/output Plot Comparator with Hysteresis

VO
= +10 Vde

+v,, IncreasingV,

t

sat \ Vo= +4 Vdo Vi Decreasing V;,

V=0 Vdc
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COMPARATORS WITH HYSTERESIS

Non-zero voltage reference  Circuit Analysis
Use superposition to find the contributions
igv to V, from output V, and V..

Assume V,,<V; Vy=+V, =8 Vdc

Ground V,and find contribution to V,
duetoV,

V=V, R, :B[LJ =08V
R, +R, 1k +9k

Ground Vjand find contribution due to V.

Vref
V= \/ref(ij = 5( % ) =45V
R, +R, Ik + 9k

VIV =V,

V=53V

Final value when V;, >V, | |
45+0.8=53Vdc Upper trip point value (UTP)

COMPARATOR WITH HYSTERESIS - ANALYSIS

Non-zero voltage reference . o ihat V, >V, 80Vg=Vo,=0V

Since V, = 0 and V, is grounded

V= VU[R RlR j =0 Vdc

1+ 2

Now find contribution due to V,

v"1=me[ R, ]:5(%):4.5Vdc

R,+R, 1k +9k
4 Yret By Superposition ViV =V,
45+0=45 Vdc

Lower trip point value (LTP)

Hysteresis voltage is the difference between the V p
and Vip In this case: 5.3 - 4.5 = 0.8 Vdc (hysteresis)

4/25/2016



COMPARATOR WITH HYSTERESIS - ANALYSIS

Input/output Plot

+V_,=+8 Vdc

sat

-V,

0

sat™

Vo

Increasing V,,

Decreasing V;,

Vyrp= 5.3 Vdc

N\

Vip= 4.5 Vdc

Hysteresis voltage is the difference between the V,

tp

In this case: 5.3 -4.5 = 0.8 Vdc (hysteresis)

and V-

Vh = VUTP - VLTP

HYSTERESIS COMPARATOR TIME PLOT

X
Y
e}
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ffsets
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COMPARATORS WITH HYSTERESIS

Design Equations and Procedure

R1 R2
= of| —o— o 1
Assumes Vi =4V [R1+R2}+V'ef [R1+R2}
bipolar output
R1 R2
voltage V. =-V\_. +V_, -
teo [R1+R2} * | R1+R2
R1
V. =2V, - 3
" . {R1+R2}
Design Procedure Given: V, Vi, Vyre and R1,

1.) Find Vg,
2.) Use Equation 3 to find R2
3.) Use Equation 1 to find V

ref

DESIGN EXAMPLE

A temperature sensor has a gain of 20 mV/F. It will be used
in an electronic thermostat system. Designh a comparator
with hysteresis circuit that will give a 4 degree F deadband
for the thermostat control around a setpoint temperature of
72 degrees F. The comparator will use bipolar power supplies

at +- 5Vdc. Interface the thermostat logic to a transistor

driver (2N3904 h¢, = 300) that will actuate a furnace control

relay. The relay has a dc resistance of 250 ohms.

4/25/2016



DESIGN CALCULATIONS

Find S‘ﬁ‘{PQ;n'l' Vo itagqe

\hpe (2o [or) (2o = L34V -
afur
Find L\ig‘lcref;ts V:)H'Mie {rumTemperu

V,q:- (0.020N[oF) (4‘%“} s o050V
1,~7ueﬁmcs Com Pm‘iar 9~

for\, >V, Vo Not™ =S Vde
{oe V=V, VootV ® 48V

Vref

e - 0,080V
VL:Z‘VS@+[QH.QZ where V79
Y
Sau

DESIGN CALCULATIONS

Continued -1-
Sebsitute known Vodues inlg abeove
[
A.0R0¢p -':Z(S)LQI.‘__,QL 1'1? 0.0QQ[QHRZ:[ = (ORI
o.op kLT 992k
L2 9.92RL = Ri=(24RI

&.6%
Pick Value of el an
Led Riz qTKs

d find RZ

Ro= |2_4(q‘7,<52_) = 592.3 K2 won-Standard
Value
Lce standard Value

and pdew{m meter
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DESIGN CALCULATIONS

Continued -2-
S;Ci{ \]}C{‘: \Jgf‘ C.a H\PLL{Qi \JLTP fLF\J \juTY>

N 4TeR . 58 8kn
wip” SV goeatsgegen| Mgt sarrrs

Y

wrp Or 0463 ¢ [4286V w | degg Vv

} 4 e 88z 8k
\/LTP‘ S [‘tﬂ.‘m 1592 3|t M gm0 gkn
Vs ~0.040 t 4285 = 1.3888V

Check Centering Vm p‘Vce\C—“‘ | 46R8 -] d40n =0.028% = 28.EmV

\/m(.ﬂ\/upr { 44~1.3885 =Q.2518V <51 5 mV/

DESIGN CALCULATIONS

Continued -3-
Canuert VU.'L‘P&{\_J VLTP ty OF

it - LAeF8Y = 9z 44°F
0 wpper £ et Goaupep E

13685 - ¢Q.43°
Joser Fset SV 6993 °F

Now include the transistor output stage

R2=582.8k
R1=4.7k

Vref=1.44 V
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DESIGN CALCULATIONS

Find value of R, to activate relay

'c‘l' Swe reswstor B Ss that Qi sateroled
L Mg
1n4004 2 RCE A SSume SCL+%N»'1'[OT\ V’Cﬁ(.f).ﬂﬂf 0.2V
250 y \/he';-"-’ﬂﬂ = 0.8V
Rb ce(SAT)
Fra— CHINV AN e :
+ { 2QN2904 Check, OU-{{M{ lQ'KlC
VbsSAT)L
When V€ (L3885 V| V5 Vde
N A (93 F)
l ’ Fulpace on
£y When \ S [.4688V V= ~SVde
(1344 F)

Find |, assuming saturation FURNACE aFf

24~ Ve ‘
24V L R V=0 =2 TG __P‘;_‘Eﬁ). -,r’: 24-0.2V ~95.2mA
26T S

DESIGN CALCULATIONS

le ‘1' Relate | to I, through he (also known as 3, dc
\ current gain)
D1 . '1(:
1N4004 4K ;CD% I(\FE:QOD A _.I_L-
! Rb ceSAT
rra— bT> + " Reduce hg by a factor of 10 due to effects of
+ 2n3904 a B
Vbesmi saturation on dc gain ,
I gs.dmA .
I h T. Z=———%31TmA
R%k P b /4? L BGB/K)
ll.vmf Apply KVL around the base-to-emitter circuit
- Ve~ Vieann -
V4T Ryt VL:,G{SA‘Q HETS‘E‘:_"L 2B Vyggars $FV

Lohen \}' -5 Vde D1 hasets- ~@mier Lok Vo= g6 Ud ;
=15 Vde .0V L
Jum*lun reverse- blased: QU Cuteff en Vg™ 45 Ude —%W *
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ENDLESSON 4: ON/OFF CONTROL

APPLICATIONS AND DESIGNS
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