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PID Control

Feedback Control - Why Should You Care®?

L

_[

Speaker Microphone

Amp

e Microphone = Amplifier® Speaker = Microphone
e This loop happens so fast that it generates its own frequency
*  Microphone-to-speaker distance dictates the frequency
— Decides how quickly sound “feedback” occurs through
the system
* This feedback problem happens in public address systems
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| PID Control

Feedback Control - Why Should You Care®?

E Wialume Lonbml

T T =1 .

1 2 H'

Attach a set of speakers to your computer
“Un-mute” and set microphone and speakers to maximum volume
Tap microphone and hear it in the speakers

Place speakers near microphone, turn up the volume and hear
feedback

Change distance between microphone and speakers to see the
effect

o Caution: Not to be used as revenge on instructors, labmates, etc.

O 0 0O

o
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PID Control

Specitication of PID

o Relay Type Output -
DTC 1000R - [ Contact ]
o Current type Output -
DTC 1000C [ 4~20 mA ]
o Voltage Type Output —
DTC 1000V [0 ~ 10 VDC ]

B Model Name Explanation
DTC [1] [2] [3] [4] [5]

Series name DTC: Delta C series temperature controller
]I| Controller position 1: First controller 2: Controller connected in parallel

0: standard, 2 outputs, no auxiliary output

2: 2 auxiliary outputs. Not available now
1: 1 auxiliary output. Not available now. fy oulp

[ 2 | Auxiliary output groups

. 00: Standard . . .
El E Optional 01: CT input 02: EVENT input. Not available now
E' Main output fy R: Relay output SPST, 250VAC, 3A C: Current output 4 ~ 20mA
puttype V: Voltage pulse output 12V +10% ~ -20% | L: Linear voltage output 0 ~ 10V
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PID Control

Specitication of PID

Thermocouple: K, J, T,E, N, R, 5, B, L, U, TXK

Input sensors Platinum RTD: Pt100, JPt100

Linear DC input: 0 ~ 5V, 0 ~ 10V, 0 ~ 20mA, 4 ~ 20mA, 0 ~ 50mV
Sampling rate Analog input: 0.15 sec. Thermocouple or platinum RTD: 0.4 sec.
Control methed PID , programmable PID, Manual, ON/OFF

Relay: SPST, Max. load 250VAC, 3A resistive load
Voltage pulse: 12VVDC, Max. output current: 40mA
Current: DC 4 ~ 20mA (Load resistance: < 500Q2)
Analog voltage: 0 ~ 10V (Load resistance: > 1,0000)

Qutput types

Supports Various Sensors:
m Built-in various sensor input modes: Thermocouple,
platinum RTD or linear voltage/current.

Tl ¢ O

Thermocouple Platinum RTD Linearcurrent Linearvoltage
(TC) (RTD) (MA) (V)
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PID Control

INnput Sensors

RED
RED
<> 1 i
WHITE
RTD ELement
Input Sensor Register Value Available Range

0 ~ 50mV linear voltage input 17 0~ 50mV

4 ~ 20mA linear current input 16 4 ~ 20mA

0 ~ 20mA linear current input 15 0 ~20mA

0 ~ 10V linear voltage input 14 0~10V
0 ~ 5V linear voltage input 13 0~5V
Platinum RTD (Pt100) 12 -200 ~ 600°C (-328 ~ 1,112F)
Platinum RTD (JPt100) 11 -20~400C (-4 ~ 752°F)
Thermocouple TXK type 10 -200 ~ 800°C (-328 ~ 1.472°F)

Thermocouple U type 9 -200 ~ 500°C (-328 ~ 932°F)
Thermocouple L type 8 -200 ~ 850°C (-328 ~ 1562F)
Thermocouple B type 7 100 ~ 1,800°C (212 ~ 3,272°F)
Thermocouple S type 6 0~ 1,700 C (32 ~ 3,092°F)
Thermocouple R type 5 0~ 1,700 C (32 ~ 3,092°F)
Thermocouple N type 4 -200 ~ 1,300°C (-328 ~ 2,372F)
Thermocouple E type 3 0~600C (32~1,112F)
Thermocouple T type 2 -200 ~ 400°C (-328 ~ 752°F)
Thermocouple J type 1 -100 ~ 1,200°C (-148 ~ 2,192F)
Thermocouple K type 0 -200 ~ 1,300°C (-328 ~ 2,372F)
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PID Control

INpuUt Sensors

Single Thermocouple Instrument
+
« +
T.ﬂ: — Red - A+ Sensar +
RTD 4 wire - Sensor -
. {most accurate)
Thermocouple/Two Receivers Instrument as Sensor + o
A a- Sensar - O
( + /"” + A+ Sensor +
T.IFC - A- Sensor - %
RTD 3 wire Rus .
Inﬁ“‘umem a+ Sensor + O)m
B2 RTD
Warning: Not acceptable in critical, + B oar. O—_ER_
redundant safety applications. 1Rz,
Each receiver needs its own thermocouple. - RE— ot suteh o e e
A- Sensar -
RTD 2 Wire
a+ Sensor + Rii A |

Multiple Thermocouples/One Receiver

[Selncts ane of several
TrCs)

-+

-

[nstrument

{least accurate

R, RID

a- Sensar -

Ry + Rz = Error

red

RTD

white

T Wire
Caonngckion

Motes: Arefers to sensor; a refers to source

red red
red red
RTD RTD
white white
white
Three “Wire Four “Wire
Caonngckion Cannection
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PID Control

Relay Type Output

|~
On- Off Control Dual Output Control:
m Able to execute heating and cooling
ISeni|—b controls at the same time, allowing
Comparator the system to reach the
[control —> set temperature quickly.
Temperature Sensor B
r 3
- P N\ P
Set point " . /
P time
Heater
r 3
On _ - —
)
Off P time —
PID
On- Off Control with Hysteresis Deadband
Heating hysteremsh <« _.Coollng hysteresis
Heater Heater Heater ON
1000 OFF  OFF OFF A A
/ \ / \ / \ p Heating Cooling
985 o = v v
= eater  Heater Hester OFF A=
= ey Ol ol A
& Setpoirt = 1000 Set Point
Time Figure 4: ON/OFF Control
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PID Control

Types of Output Conftrols l

Various Output Modes:
m Relay, voltage pulse, linear voltage, and current

— + 1+ 1+
NO NC
P @ ®© ©
COM
Relay Voltage pulse  Linear current Linear voltage
(Fordriving SSR) (mA) (V)
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PID Conirol

Types of Output Conftrols

On- Off Control

FILE DEVICE PARAMETERS ¥IEW EXIT

Addr.e"ssfl’ 3: . Cancel |

. Connect l

. Connect I

Control —  Input — 'ON-OFF — Alamm

1 PV tunin
. 5 Input Type lK~Type _:J Hystersis 1/0.0 ( PV Offset 0.0
“Security
Run/Stop |Run - unt  |C ~|| | Hysterisis 2|0,0 Y
Level 1 Key IDisable v]
Out1 Heat 52 SV I0.0
Level 2 Key IDisabIe v]
Out2 |Heat Ea| Range Hi l1300.0 —
Level 3 Key |Disable v]
Lock Status INormal 'I Range Lo I- 2000 Sy Ll

Pointer |1 vl & Unlock Al
€ Read All, VAT
By 8y
FIW Version 1.40 | £ AlliLock
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Manual Control

PID Conirol

FILE DEVICE PARAMETERS ¥IEW EXIT

S

Address I‘ 3: . Cancel |

. Connect |

v
v

Iy
P
SV

o

l ﬁ . Connect |

. Connect "

1 Input

Out1 Heat >

Out?2 Heat hd

Lock Status INormaI v[

‘ON-OFF

“Alarm

Input Type I KType =
Unit C -
SV 0.0

Range Hi |1 3000

Range Lo I- 2000
Pointer |1 v|

F/W Version 1.40 |

Hystersis 10.0

[Hysterisis 2'0.0

e
PV Offset 0.0

—~Security
Level 1 Key |Disable v]

Security Lavel
& Unlock Al
€ Read Al SVAT

€ Al Lock
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PID Conirol

PID Conirol

E Monitor Q

FILE DEVICE PARAMETERS ¥IEW EXIT

Address[1 %] Connect |

—

sV

(@]
e
ra

— I

Cancel || | |Address)! =
Address' -]

—
v
]
v

Connect | . Connect |

p—

V

SV

AT U M ALRZ ALM3
=)

0%
Cut2

0%

1

C
=
1

c
.

|

Control '~ Input PID Parameter | Alarm PV tuning
| Ctrl. Method m_“_:l Input Type |K-Type  ~| Pb 1476 ’ PV Ofiset 100
Run/Stop |Run =l Unit C - Ti W Security —————————————

— Level 1 Key |Disable ~
Out{ |Heat =~ sv oo Td |41 __ly |
e Level 2 Key lDisabIe v]

l out? Heat |  Range Hi |13oo,0 Ctrl. Period1 |4 _J—_|

Level 3 Key |Disable ~

Lock Status INormal 'I Range Lo I 2000 | Offset l0.0 Security Level
————— "
. Auto tuning || Stop = Pointer |1 ~|| | Ctrl. Period2 |4 o
A

/N A

F/W Version 1.40 |
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PID Control

PID Control

Stable Control:

m Built-in PID control function, with accurate auto-tuning (AT).

m PID parameters are automatically calculated, which enhances

the stability of the system and accuracy of control.

PV

t (Before AT)

+ (After AT)
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PID Control

Basic PID Conftrol

o Proportional Current/ Voltage Output

+ A geamvake releases heat into the system.

*  Atemperature sensor outputs a temperature
valle, the P,

*  This PV entersthe controller. The PID function
corrpares the temperature wvalue with the Set
Fairt to calculate the Ermar signal.

PID
Function

Set Pomnt +  The PID function regulates the contraller
{5F) autput, the CW. This omtput controls the geam
valve, causing ittovary the release of steam
Process Value and run the process at the desired Set Paint.

Control Value
{CW)

{PV)
Fy

Feedback
["_remperature]

T
I:::Iengemium
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PID Control

Basic PID Conftrol

o Proportional Current/ Voltage Output e
Deadband: Dead
Qutput Bandwidth: Positive
A > |e
Heating Cooling
0 A > pv
) Deadband: Dead
Set Point Output Bandwidth: Negative
Figure 5: PID control A —p 2

Heating Cooling
> >,

Set Point

Figure 6: PID Control
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Relay_On_Off_Control.pr5
robotpid.exe

Ramp/Soak Control

PID Conirol

FILE DEVICE PARAMETERS ¥IEW EXIT

[ Addressi =] [@ _cancel |

[Agdress < [ comect |

& Ramy Sosk programer

Lock Status INormaI 'l
Auto tuning ||Stop vl

Range Lo |- 2000

Pointer i1

F/W Version 1.40

Citrl. Period2 |4

Start Pattern l Pattem 0| Pattern 1| Pattarn ZIPaﬂorn 3| Pattern 4 |l

|Pattem 0 ¥| [stepmax. 7 7 7 7 x

Read Setting Set Value 0 0.0 0.0 'DO :D.O 50.0 .l

Execute Tme 0 foo:00  Joo:oo  |oo:00 o000 [on:00 [t

|  ReadFile | Set Value 1 0 0.0 00 (0.0 00 1

Execute Time 1 f00:00 foo:oo  00:00 (0000  00:00 |1

Saveto ... | ! | |

00 0.0 00 |00 1

Virite | 00:00 |00:00 |0000 |00:00 |t

o Setvalie3 0.0 0.0 0.0 00 00 1

Execute Time 3 foo:00  Joo:oo  [oo:00 (0000 0000 [

Setvalue4 0.0 00 |00 00 00 1

” Execute Time 4 J00:00  foo:00  |00:00 (0000 00:00 1

~Control Input ‘PID Parameter el - Lo log oo oo b

| Ctrl. Method lRamp 5<;I Input Type IK'TVPe 'I Pb Execate Time 5 J00:00  |00:00 |00:00 0000 |00:00 1
Run/Stop lRun - unit |C - Ti 260 Y 00 (00 j00 |00

= Execute Time 6 J00:00 |oo:00 |00:00 0000 |00:00 |t

out JHeat | [™"SVJTimeleft -] Td 41 Setvave7 oo foo o0 o0 o0 |t

> = Execute Time 7 J00:00  |oo:00  |00:00 0000 |00:00 |1

Out? |Heat ~] Range Hi |1300.0 Ctrl. Period1 I4 . | . .

Back Loop Count 0 0 0 0 ] 1

Link Pattern ]Panem OfPattern 0 Pattern 0| Pattern 0 Pattern 0 1
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PID Control

Ramp/Soak Control

Programmable Control:

m Max. 8 patterns available, with 8 steps in each pattern.
No master controller is required for planning all kinds of
temperature control curves.

|Ramp Soap
)
500—2 AN .
30°
Minute
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PID Control

PID Alarms

o Proportional Current/ Voltage Output e

Mode Alarm Type Alarm Output Operation
0 No alarm OFF
ON
1 Alarm output will be enabled when the temperature reaches upper and lower limits. OFF -_-
« Alarm will be enabled when the PV exceeds SV + AL-H or falls below SV — AL-L. A ' Y A
AL-L SV AL-H
ON
5 Alarm output will be enabled when the temperature reaches the upper limit. OFF -
+ Alarm will be enabled when the PV exceeds SV + AL-H. A
SV AL-H
3 Alarm output will be enabled when the temperature reaches the lower limit. oiﬁ
« Alarm will be enabled when the PV falls below SV — AL-L. Af-L Sﬁ{
ON -
4 + Alarm will be enabled when the PV is between SV + AL-L and SV — AL-L. OFF e ry
AL-L SV AL-H
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Thank You
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