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Tan0 =]/ radius

f=1 zec of arc
h=tan 1 sec x Radius e
h=4.848 x 10" meter ;

h = 5 micrometer / meter approximately e
h=0.5 micrometer / 10°? mm

(tan(8) = 3 \:]

F

SN P LandD -

Assume H_=--i-IEEE

tan(f) = & for small values (n
Ly % 48x10" rad

- 60x 607 180

| h=48x10"%m

lsec =(

o B (o,

— i€ cach | sec indicates a vertical distance of a roximately 0.5 micron “since L =
PP ¥

ﬂl]m I'|I

([ e boow A
. For ©%3° find the corresponding vertical distance, for L=0,1m,
h=3x60x60x4.8x107 =5.18%107m

s ©.(L_
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Yisual Autocollimator Snmi:rle: Applications
|

1-Measurement of non-parallelism hi.wi:l{lm.rs, laser rod mdzlr,

[]

2-Measurement of squareness of an outside corner by ape

e
.-:5——-—'_"-—I_I.
|

|
I.‘I-'I.IJ'IFS'I:I:I.I.'inE.

—/

4- Checking right angle prisms

for apgular and pyramid
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. Clean the surface p]nu:.nr takle.

. Position the auto-collimator iff line with the reflector. Switch on Il'u: lamp in .

the antocollimator, the alignment between the auto-collimater and reflectar
should be checked at both extremes of the operational distance to make certain

that the target graticule is contained within the eyepicce field,

- Fix a guide strip to control the horizontal displacement of the reflecter and

minimize the movement of the target graticule.

- Mark off the positions along the surface plate equal ta the piteh positions on

the reflector base (in this case 100 mm), Column 1 should indicate this
position.

At the initial position takes the reading and tabulates (column 2)

Maove the cammage (reflector) 1o the next position and again tabulate the
reading,

Thig method is 1o continue umil the final owtward position is recorded

Io improve on the accuracy gnd engure no errors hyve been introduced, readings
shauld niso be taken on the inward vun, [T this exercise is followed then the
average ol the two readings is (o Be shown in coluwmm 2.
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3- Thermocouple

Introduction:
eyver two dissimilar metals touch and the contact

Thermocouple (TC) is created when ! .
point prﬁdﬁmﬁﬂf small npa:na:in:uit voltage as 2 function of t:;pamtug:,ﬂh:::
ihermoelectric voltage is Lnown as the Seebeck voltage, named after Thomas S€ :

who discovered it in 1821.
choice over the years for a wvariety of reasons.

pensive and can be produced in a variety of sizes and

shapes. They can be of rugged construction, can COVET a wide t1‘~'~I'1]:"_'=1"E"fﬂf'ﬂ range.

However, TCs produce a very small microvolt output per degree change in temperature

that is very sensitive to environmental influences. '

metals may produce a TC, However, there are
come standard thermocouples which have calibration tables and assigned letter-
designations which ere recognized worldwide, Such as, J-type (Iron / Constantan), K-type
(Chromel / Alumel), E-type (Chromel / Constantan), N-type (Nicrosil / Nisil), B-typ®
(Platinum / Rhodium), R-type (Platinum / Rhodium) and S-type (Platinum / Rhodium). In
order to select the suitable TC for an application, sensitivity and temperature range
<hould be taken into consideration, because each one of these thermocouples has different

temperature range and sensitivity.

The TC has been the popular
Thermocouples are relatively inex

As Mentioned above any TWo dissimilar

inx th: n:;p{:rim:;t mmru .:hiyp-c thl:nnm'ﬁplnﬂ are used. The first one is used for the
periments, and the other one is used with temperature ¢
temperature of the hot plate. ) il 3 oba,


gts
Highlight


To measure 2 thermocouple Seebeck voltage, you cannot simply connect the
thermocouple to a voltmeter o other measurement system, because COMNECHNE :rha
thermocouple wires to the measurement system creates additional thermoelectric circutls.

A |

Ta [n0 Board

Figure (1): Thermocouple connection

Consider the circuit illustrated in Figure 1, in which a J-type thermocouple i5 in 2 candle
flame that has a temperature you want 10 mME3sure. The two thermocouple wires are
connected to the copper leads of the measurement device. Motice that the circuit contains
thres dissimilar metal junctions J1, IZ, and 13. J1, the thermocouple junction, generates 2
Seebeck voltage proportional to the temperature of the candle flame. J2 and J3 each have
iheir own Seebeck coefficient and gencrate their own thermoelectric vaoltage proportional
to the temperature at the measurement device terminals. To determine the voltage
contribution from J1, you need to know the temperatures of junctions J2 and J3 as well as
the voltage-to-temperature relationships for these junctions. You can then subtract the

contributions of the parasitic junctions at J2 and J3 from the measured voltage at junction
J1.

Thermocouples require some form of temperature reference to compensate for these
unwented parasitic "cold" junctions. The most common method is to measure the
temperature at the reference junction with a direct-reading temperature sensor and
subtract the parasitic junction voltage contributions. This process is called cold-junction
compensation, You can simplify computing cold-junction compensation” by taking
advantage of some thermocouple characteristics.

By using the Thermocouple Law of Intermediate Metals and making some simple
assumptions, you can see that the voltage a data acquisition system messurcs depends
only on the thermocouple type, the thermocouple voltage, and the cold-junction
temperature, The measured voltage is in fact independent of the composition of the
measurement leads and the cold junctions, J2 and 13.

According to the 'ﬁlunmmuplc Law of Intermediate Metals, illustrated in Figurs 2y
irserting any type of wire into a thermocouple cireuit has no effect on the output as long
as both ends of that wire are the same temperature, of isothermal.
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Figure (2): Thermocouple Law Intermediate Metals.

u__._._‘=.-ﬁ|=

Consider the circuit in Figure 3. This circuit is similar to the pcnwiqush' described circuit
in Figure 1, but a short length of constentan wirc has been inserted just before _].un::-tmn 13
and the junctions are assumed to be held at identical temperatures. Assuming that
junctions J3 and J4 are the some temperature, the Thermocouple Law of Intermediate
\etals indicates that the circuit in Figure 3 is electrically equivalent to the circuit in
Figure 1. Consequently, any result taken from the circuit in Figure 3 also applies to the
circuit illustrated in Figure 1.

Figure (3): Intermediate Materials effect In [sothermal region

In Figure 3, junctions J2 and J4 are
5 b the same type (co
in the isothermal region, J2 ¢ (copper-constantan); because both arc

the circuit, J4 contributes ammFFamfﬂ- Because of the

magnitudes i » 13 both produge
Wh. for the mﬂ?lm:ﬁn: Jﬁ;““ktm"’ﬂ!mm ‘but with different
s subtracted out of the .upl: mm 113 measured and he
ent.
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The Resistance Temperature Detector (RTD)

Characteristics

10~ i 1 i i i 1 i i 1 i
105 1025 110 . 112S 11S' 1175 120 1225 145 1275 130
Resstance( )

7. Compare the read temperature with the temperature of the
glass thermometer. Is it the same? Why?

No, because thermometers have different fluids and different
expansion rate of temperature.

12.Is the cooling curve the same as the heating curve? Why?

Yes, they are the same, heating curves show how the temperature
changes as the plate is heated up and cooling curves are the opposite
(when the plate is cooled down).




: .’ . Does the RTD equation in “Theory” window describe the curve

B2 perature-Resistance graph? If your answer is “No”, what
is the difference and why?

No, because the curve in the graph is linear but the equation in the
theory window has a square root (not linear).

15. Choose one of the readings taken before from the readings
table and write down its resistance () and Temperature (°C)

readings:
15.1 Current Resistance (Q): 106.521829
15.2 Current temperature (°C): 16.722639

15.3 Apply the current resistance in the RTD equation

B R.—R

u —o.S(R.A+,/R.2A=—4RB(R.—R))

°C): 16.72987344




Thermocouple Characteristics

Heating |

( I'l_'J]If'.I_'; ,i

1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Yokage (mV)

14. Compare the read temperature with the temperature of the ©
glass thermometer. Is it the same temperature? Why? No, since a

glass thermometer measures temperature difference by measuring the
difference in voltage between metals, whereas a thermocouple

measures temperature difference by measuring the difference in
voltage between metals.

19.1s the cooling curve the same as the heating curve? Why?

Yes, the positive Temperature coefficient PTC. The heating curve isin an
increasing manner while the cooling curve is in the decreasing manner.
Same slop magnitude but different sign due to direction.




.2Does the thermocouple equation in the “Theory” window

[ describes the curve ontheT

€mperature vs. Voltage graph? If your
answer is "No"”, what is the difference and why?

No, since theory describes non-linear relations.

23.Choose one of the readings taken before from the Readings J
Table and write down its Voltage (V) and Temperature (°C) readings:

23.1 Current Voltage (V): 1.421824

23.2 Current temperature (°C): 27.789175
23.3 Apply the current voltage in the thermocouple equation below

T = V(1.978425 = 10~2) + V2(—2.001204 = 1077) + V3(1.036969 = 10711)
+V*#(—2.549687 = 107 16) + V>(3.585153 = 10721)
+ V8(—5.344285 = 1072%) + V7(5.099890 = 10731)

Where: T : Calculated temperature in (°C)
V : Thermocouple voltage in microvolt (V*10°)




nclusions:

 Thermocouples Measures the open circuit voltage at the contact
point of two dissimilar metals.

 Thermocouples can cover a wide temperature range.
* Thermocouples can be used for applications (above 1000 C),

 Thermocouples are relatively inexpensive and can be produced in a J
variety of sizes and shapes.




Thermistor Characteristics

Thermistor
%i 7%= E ‘ Heating |
5 Cooling g™
% 50_ “ . i !
.
s

10= \ : :

400 1000 2000 3000

] | | [
4000 S000 6000 7000

I
8000
Resistance( )

1.Compare the read temperature with the temperature of the
thermometer. Is it the same temperature? Why?

No, it is not the same, that's because Thermistors are thermally sensitive
semiconductors whose resistance varies with temperature.

glass

12.Is the cooling curve the same as the heating curve? Why?
Yes, while the fans are on and the heater is off, heating curve shows

how temperature as the substance heated up, cooling curve are the
opposite.

13.Notice the Temperature vs. Resistance curve and answer the
following questions:

14.1 Is the curve linear? No, it is not linear.

14.2Does the Thermistor equation in the “Theo y”“ window describe

the curve on the Temperature-Resistance graph? If your answer is
“No”, what is the difference and why?

Yes, in both cases while decreasin
increased.

g in resistance the temperature is




Readi
3 N its Resistance (Q) and Tem erathlcng§
readings. 0

15.1Current Resistance (Q): 7056.629303 O

15.2 Current temperature (°C): 21.341291 °C
15.3 Apply the current resistance in the thermistor equation

T = 1
a+ b(InR) +c(inR)3
15.4Write down the calculated temperature (°C): 294.5 K =21.34 °C

15.5 Compare the calculated temperature with the current

temperature: We noticed that the calculated temperature is very close
and kind of equal to the current temperature.

Conclusions:

e Thermistors, are thermally sensitive semiconductors whose
resistance varies with temperature.

e Thermistors have either a negative temperature coefficient
(NTC) or a positive temperature coefficient (PTC). The first,

istance that decreases with increasing

nsitivity { 200 Q/°0),
ges in




while thermistor Curves are different

14. Notice the Temperature - Voltage (or Resistance) curves and

the Temperature - Time (on the trends tab) and answer the
following questions:

14.1 Which one of the thermometers has the fastest response
time?

Thermistor

14.2 Which one of the thermometers has the slowest response
time?

RTD




15.2 An application that needs a good response time (temperature

range is up to 500°C).

Thermocouple or thermistor because both have a good fast
response time.

15.3 An application that needs accurate readings and fast response
time (temperature range is up to 80°C)

Thermistor because it is the most sensitive and the fastest.

15.4 An application that needs a repetitive sensor (temperature
range is up to 500°C)

RTD.

15.5 An application that has electromagnetic fields (temperature
range is up to 500°C)

Thermocouple they perform good in most environments.

€nsor does not

nge is up to 50°c




Experiment 7 : strain gauge

Introduction / iation of stress and strain distribution at raal

_ . determ : AN hla part of experimantal
imple and tEﬁ_ﬂbIE' : e thus an indispensa ponk. L. .
Strain gauges permit sim in-gauge technique Is TS S ensor construction (scales,
components undﬂmr ?Hdpmﬁ* Thg TE ia iﬁ made of strain gauges In AL L9

is. es .
*"r_";:*m' uﬂﬂﬁme'F anid pressure gauges, torque meters)

All teat objests =m provided with a full-bridge :[rn:uil: and are

Fl B ] éw-
- elament whilst giving a clear vi _ i
%ﬂﬁ'ﬁem ara inserted in a frame and lgaded with welgh

- . H w hri'gh d[g.ta : 2

ready wired. A Perspex cover

2 Unit description
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ta :

Cy M and sq
5 B o e b WES [0 accommodage e differenl tesg)
|| these heida : . - ltacheq : me K this. puposs. Clame =rahl
| T NG Bystem i propm) mﬁﬂhﬁ Wbl o e
. 'J'H'Elﬂhtul'th'hinnthuttrl acls

Mfor I.:Ien-!:ling Bpeimenty

= -
2
Sending beam 3

224 Banding beam

Tha lest abjmct usad for bending experiments is a clamped stesl cantiovar baam 44}
-LongthL: 385 mm ;

-Croes section :
Medius of E: 210000 Nimmz
nﬂw II-ini:iﬁs.;unjummnhadthﬂnkmnﬂhawwmwm.

J ned fock. The siraln-
%mhhymnramﬂpﬂﬁ;MaHmmﬂm“ﬁ‘mﬁt & poctected LY 8.



2.3 Measuring amplifier

_ _ ghves 8 direct Indication of
The measurng ampliter with dgial 4-posiicn LED aﬁgﬂl;’ﬂm ba balanced by way of 3
bridgs unbalance in My, The connecled stain-gauge
by potersiomelsr ().
- Ramgee 1 2,000 myvih/
- Heschdion: 1 aViid.
- Balangng range: 1.0 My,
- Wil sirain-gawga resislancs: 350 51
- Strain-gauge feed waltage ; 10V
- Power : 230V [ 50z
Thi un:ﬁﬁg‘mﬂ for ke conneclion of sirain gauge Full bridges. The test objects
cormactad by way of the cable (4) supplisd 1o the 7-pin inpul socket (3} an the front.

3 Exparimenis

! 2.4 Principle of straln-gapge fschnlgus
When dmaeasioning companents, the loads % be expecied are generally caleulaled in advan
within lha scape of design work and the components then dimensioned accordingly. it Is ofien
: rdzrest o compare tha lpade sibsequently encasiced in operation to tha 'IjEIHI-QI'I forecass.

mmmﬂﬂrﬁd mmﬂ?.f EIH impodtance for establishing the cause o
gpoweniming faikee. This siness cannct ganesally mrﬁ:a;i::dmrﬁﬁﬁ bttt el
sirain & directly ralaled o e matoral stress, the sompen .

ent lcad can be ol
siraln meassrement, -’m impartant branch of axpaimantal siress anaksls is E:“«:;T;T:jh.sgﬁiﬂ

mﬂUfﬂ;ﬁIEn: grid

I - -

this deea mal r l @ |
Sirface, aprasenl ? |
hasicaly Etraned thi, Ployed, use is mede of 9§

feetal strip or metal wire. T




IFEH;E: F'T"BE_HITmmEm combinadicn of tapesing of the creap-2ecficnal arad and & chafigs n

e, Sra) i Isk T ; i
T n UCRs @0 Poraads in meistapes, To ookéays tho greatest possibla wies
:#1”'“ Witk mﬁmmrﬁm it Is configured as a gid Tha maile of chantge In resislancy 1o

KR
a;'ﬁhﬂn- £
:mhﬂ:ﬁ.ﬂ
l!lH:ﬂhﬂmn : mmﬂﬁﬂt{mmﬂ
" resistance “hrﬂmh‘l’::g forca 0

SUaN pAugey

sirain h"h :it:dﬂ fﬂrﬂ. &'-FHI.'!EI:I.I' &ra moré sensitiva then those with & small one, The constanian

Mhﬂﬂﬂ'ﬂn b E h-h-:turq-l' 106, In ardar la be abla o acepns T extremely small

I suppbad with g mgdﬂngﬂﬂ Atriin gauges ane combined 1o form a Wheatstons bridge, which
viltaga {2V},

Hehe-oridoe clrouis

(half and quarter bridge) configured with actims
: tfe bridge ar caled comglemantary rasisloes.
bridge reacts very sensitvely to changes In resistance in the bridga

than amplified in diferantial ampiflers and

gauge is shown In the adjacent lllustration. The wave-form metal alfips ara
mialerial, e.g. & thin elastic polyimide fim and coversd with a protective Fim.
e ara usually produced by etching from a thin metal fodl (foil-type strain Galgas).
LNy Wires are oflen welded directly bo the strain gaugs.

3% |5 bonded 1o tha camponent with -a speclal adhasiva, which must peovide lass.
- 155090 of the compariant straln to tha strain gauge,
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1.3 Bonding exporiment
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#;I run-:l:'l;;uh s g bem can b cabcastated from the banding rromont N &
e soclion moduls Wy 8
™

Banding momenl ealculabed for canlileser beam
S a=-F L

_ the g i i i . el 114
tead and L lia-tistarice betwoen the point al which the load is introduced 3 b
m:r:urt:emm #ﬂ-lﬂ'ﬂn modulus for U recLanguiar crass sectlon of width b and halghth

" biy*
w‘r-T

1

or sxperimental detarmination of the bonding strasses, tha banding beam i provided wih &
siraln ﬂmﬂmmtﬂmmdﬁmhniﬂanmlnwgn{mmmﬂlf
lﬁmmh e befddge circult. This leads to summation of all changes in realstanc 7
high lovel of sensifivity. Tha oulput signal Ua of the measuring bridga is referencod 1o i &5

voltags U The semalfity k of the sirain gauge enables the strain ¢ fa be calculated for e
Ecidge a5 folfcws
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b5 now 1 ba datemined far a lnad of 6.5 N wharg the reading was 43*3’5-'_'1'..1!'."“. The

m TN
following resulls for the sirain

- "ok g § o 'll'. - - . T —— = - — i —
-‘ - ul = L I — - 1'r e 1 raes I e
5 oy [y TH e s— ’ i
- - = L | _._-_lll - .
—1I.-.' ] I-- - g b | = i T JH-

— el a1
—

X e N T R T, b, ™
: ar womim I- 4 . | Hl "ﬁ!iil | ]l.:E'EIH.EEIF!_ i
-mhwm@imﬂuﬂﬂﬁﬁw-



