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Conversion

from Celsius
[°F] = [°C] % % + 32
K] = [°C] + 273.15
[°R] = ([°C] + 273.15) x %
°De] = (100 - [°C]) x 35
[°M] = [°C] = * 0
[°RE] = [°C] x %

["Re] = [*C] % #V4g + 7.5

to Celsius
[°C] = ([°F] - 32) x %4
[°C] = [K] - 273.15
°C] = ([°R] - 491.67) = %4
[°C] = 100 - [*De] = 24
[°C] = [°N] x 1005
°C] = ["Ré] x %

[°C] = ([*Re] - 7.5) x %95



°F=°Cx 3/ +32

°C=(°F-32) x>/,

K=°"C +273.15



ANTIWLTaLEL (linearity)

AUANTTFTa9ANNITIWENAN AR ANANNURTEUINNBUNE
o 6 o-‘dld e @ a ¥ . v A <
NUIANALDLEUT NN AANU ALY yraNnNnI WLy
Aunsy  AuaniBATlumadudsiananedasgeganng v

o o

[~ a v 1 A = 1 o/ 1 d9/| 1
AuANTTREIALTEduDL] viraizandaenanaaiidn daelunng
1]J1iF4"1 (operating range) 1diruiaas Tnavialiauuanlu

'S

PUNLURILU BTG UR



2[114N19NN1 Range



ANNAAIALANDY (error)
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ANINLNLEN (accuracy)
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FIGURE 3.2

An exump|e from mqusmunship '|||u5rrr::ring the com:ep’rs of accuracy and precision. {al Inaccurate
and imprecise; [b} accurate and imprecise; {c) inaccurate and precise; [Clr] accurate and precise.

Increasing accuracy

Increasing precision
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Speed of response

N1yl (lag)
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ANTNATNITD LINTTLLA AN ANTEN

(repeatability 194 reproducibility)
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5.3 @7 % ﬂﬁﬂuL@uLﬁﬂLﬁuﬂﬂﬂ transducer
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Lin. (%) = + 100
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Determining the linearity of
transducer

Best fit straight
line from which
error 1s determined

Band of uncertainty
from all defined sources

TRANSDUCER OUTPUT

MEASURAND
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Linear regression

y - ao + a1 X
a _(Z 13’1)(21 1x12) (Z?=1 xiyi)(2?=1 Xi)
0 n(Xi, xi?)—(Biey %)?

a _n(Xin, xiyi) - it %) (Xizq ¥i)
1 n(zl 1x12) (Z?:l xi)?




NAAINNIITAAINNITIIAIAN y(m/sec) , ATHAINNES
AAIANANT X(mM) ﬁ?zﬁurﬁmjﬁ’u

Xy
10 2.2
15 4.6
20 4.2
25 7
30 6.6

35 9.2
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Proportional-Integral-Derivative



P-1-D

proportional—integral-derivative controller
(PID controller)
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A block diagram of a FID controller in a feedback loop &




Proportional term

¢ 1 2 3 < 5 6 7 8 9 10

Plat of PV vs time, for three values of Ky, (K; and Kq held &
constant)



Integral term

15

—reference signal

Ki=2

= = =1
05 Kp=1 Ki=1 Kd

0

o 2 4 B 8 W 12 14 168 18 20
Plot of PV vs time, for three values of K (K, and Ky held =
constant)




Derivative term

1.5
Kd=05 reference signal
Kd=2
1F
Kp=1Ki=1 Kd=1
05¢ 4
0 N
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0 2 4 B 8 0 12 14 1B 18 20
Plot of PV vs time, for three values of Ky (K and K held =
constant)



Open loop vs Close loop

A L

—
!

1
(o]
[
—
u]
1
.
in
1]
9
o
1
(n]
i

) Y ,
=N i
= " i | —
i " l
+ + +
i
| ]
! u
n |
-.-I- ™
Lo}
j
a




u Scoped

(== =]

SE LEL ARRE BPASE -

Transfer Foni

Titme offzet. 0

uScupe =l
(E@@,@ﬁ% A% -~

] —» < ]
Scope2 Zain Scope
1 + 5
+_ e 1 - W+ - —
= + 5=+5s+10
Step Gaint Integrator Add Transfer Fen
)’J.B | du/dt
Fain2 Cerivative

: offset: O

November 21, 2015

23



nScuped |E
SEPLL, AEBB BATE -

W Iab001 *
File Edit View Sirnulation Format Tools  Help
DEeE& & [ 3 10.0 |Nu:|rma| j

20
Scope? il Scopef
I Zain2 : . :
-+ P2l P — |+ -
F Y hi — =t {5+1)5+5)5+1
Step2 Gaind Integrator Add1 oo Fole
nScnpe? = (=== {8 >l duidt
Gaind Derivative1
SE L)LY ABE I &% -
T
j —
i
lope3 il Scopeld
Gain1 : L v : I:I
P28 T — e+ - >
i : =+ [+ 1}s+1)s+10} |
Gain2 Integrator2 Addz [ER—
S p— Bl scopet [EE=]
Gaind Cerivative2 % . @}8 m ﬁ EI . . % -ii &
Ready 100%
November 21, 2015




The main circuits of the board mod.
G34/EV are:

¢ Set point;

e Error amplifier;

¢ Signal conditioner of the transducer;
e PID controller;

e TRIAC power amplifiers to power the heating
elements;

e BJT bipolar transistor amplifier to power the
cooling



power the cooling

power amplifiers to heating

PID controller

Set point

Error

amplifier

November 21, 2015

HEATER and COOLER G34

Signal conditioner of the transducer
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PROCEDURE:

1. Connect the transducers to module G34 inserting the DIN cables into the

related plugs.

2. Insert the required transducer and the mercury thermometer into the

related holes of unit TY34.

3. Connect HEATER and COOLER terminals of G34 to HEATER and
COOLER Terminals of TY34.

4. Set Temperature meter switch at TH(THERMOCOUPLE).



5. Connect the output of the SET-POINT block terminal 2 to the set-
point input of the ERROR AMPLIFIER block terminal 3 and
Temperature meter input 10.

6. Connect the output of the ERROR AMPLIFIER 5 to the input of the
PID Controller 6.

7. Connect the output of the PID CONTROLLER 9 to the input of the
HEATER AMPLIFIER 11

8. Connect the output of the THERMOCOUPLE CONDITIONNER 33 to
the ERROR AMPLIFIER Feedback input 4.

9. Set up the connection of the power supply with the console.

10. Short Jack 7 & 8. Set potentiometers p2 and p3 on the PID
CONTROLLER to the halfway position

11. Connect the multi meter to the output of the signal conditioner, and
set to 20V DC.



12. Starting from ambient temperature (temperature of the
surrounding), adjust the Set-Point knob in order to increase the
temperature of the oven in 100C steps

(i.e. bring the voltage on jack 2 to a value which corresponds to
ambient temperature, then increase this voltage by a quantity which
corresponds to a 100C temperature increase). Measure the output
voltage of the signal conditioner as soon as the temperatures
stabilized. The reference

temperature is given by a precision mercury thermometer (Centigrade
Scale)

13. N.B. Be careful to avoid exceeding the maximum temperature that
the transducer can withstand (175C). For safety, do not exceed 150C.(
FEIDUUYAUINLAY 150C )



14. Make a table listing the values measured and use these
measurements to plot a graph with the temperature on the x-
axis and the output voltage of the transducer on the y-axis

I N
CONDITIONNER 33
30
40
50
60
70
80
90
100
110
120
130

O 00 N o U A W N B

(IR
= O
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NanN1TNaaad Thermocouple (PID Enable)

Temp C
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Vtp 33

1.12
1.49
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P A B
1 linear regression

C D E F

G

H I J

FileName:lab_thermocouple_PID_010_linear regression.xls

TunisneaasinAIuLsIdu y(volt) , euamanail x(Celsius) Aszaucsinagiu

Y X2 X'y
1.12 900 33.6
1.49| 1600 59.6
1.86 | 2500 93
22| 3600 132
2.38| 4900 166.6
28| 6400 224
3.2 | 10000 320

2

3

4

5 X

6 30
7 40
8 50
g 60
10 70
11 80
12 100
13

14 Sum 430
15

16 n= 7

18 al0= 0.311926
19 al= 0.028922
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X

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150

g(x)

0.3119
0.6111
0.9104
1.2096
1.5088

1.808
2.1073
2.4065
2.7057
3.0049
3.3041
3.6034
3.9026
4.2018

4.501
4.8002




