\r

.
7
-
.
.

S -.——v-lwnl_‘._.r_w

4T

7 )
ik
- -
- ---"'.' - g
K 37e
A
. { —
-
\ [ v \
b‘(' C -~

| Umver51ty Of Jordan- -
aculty of Engmeermg and Technology T
IndustriElEngmeermg Department el 4

g ) —— e, eeras e -
v o k—u»—--.. . .. -
tes b | ) .
'7 o te .-\‘I4 . ) .
e o . . N ) )
e L . _ =
el . L g — i . ) )
. = : :
I ighsse e
= - Y . .

.
. . .
.
ol .
. - .
' -
.
* .
. ' :
.
. .
.
.
.
.
.
. -
.
.

Scanned by CamScanner



University Of Jordan

Faculty of Engineering and Technology
Industrial Engineering Department

- ’EXPERiMENT 1:
LINEAR MEASUREMENT
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To familiarize the
measurements.

At the completion of this €xp
Get familiar tO the vari
of a measurerment tool nee
students will seck more efficient roeans

Take lincar measurements. with a €

instrument being us
Clean, care for and store calipers,

student with the types; appl
student W
ear me

dca to achieve a €
of measure.

i1l be able to:

micrometers

APPARATUS:

a) Vernict caliper

b) Dial caliper

¢) External micrometer

d) 2-pointlin?idc micrometer

1. Calipers:
General definition of a caliper: :
entially of two curved hinged legs,

trument consisting €85
distances. Often usc
ﬁxcdfand a movable arm 0
d ‘similar objects. '

1. An ins
d in the plural.

thickness and

t having a

2. A large instrumcn
ters of logs an

measuring the diame

3. A vernicr calipcr.

General specifications & functions of a caliper:

N

All Stainless Stccl;/construction
side dimensions

Used to measurc in
Used to measure outside dimensions

Used to t measure step dimension
Convenient thumbscrew to lock a meas

Accuracy equation
| division main scale

Accuracy = — -
no. of divisions on vemic

1
wo types of calipers are 10 he discussed in this experiment:

(1.1).The vernier caliper :

The Vemiey Cyly
P i"“‘lf;v:z",‘)Cl shown in fig (1.1.1) is__,g;p!-gcisi(_)n' n
aband exteral di.-.mnc«('s extremely :\EC(II':{IE? \

asurcmcnt too
ertain mcasurcrncnt.

ertain  accuracy

slrument tl

-cations of calipers; micrometer,
AL (J_

Js, and know the type

depending on the

and dial indicators.

used to measure

n a graduated stock, used for
7 Ve
sree %
} i Y
y %, g %
Yy 7, 7 7
4 -, % ]
7 7
R .=

urement in placc

rscale

jal can be used Lo
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Lt LOCKING
PRI .. SCREW
~ -

—~ IMPERIAL SCALE

- METRIC SCALE

DEPTH MEASURING '
“« A BLADE
\f’
g v
EXTERNAL
JAWS

Fig. (1.1.1):a Vernier Caliper
Description:

A vemier caliper has two scales, a main scale and a vernier scale.

These two scales move past cach other, usually on a slide.

When the measurement is taken, the zero point of the vernier scale lies at the
true datum of the measurement.

Main scale (on the larger, fixed portion of the caliper) gives thc most
significant digits of your reading.

The vernier scale (on the smaller ntmngpomoa of the-caliper) glves the least
significant digits in the reading and

subdivides a mark on the main scale into 10, 20, 50 subdivisions.

* Notice that ten tick marks in the sliding scale are the same width as nine ticks.
marks on the fixed scale.

The smallest division on a scale is the least count of it. On the fixed scale -

(main scale) the least count is 1 mm, while on the sliding scale (vernier - scale)

the least count is .02 mm (50 divisions to represent 1 cm).

Most direct :eadmg cahpcrs have an arrow sliding blade attached to the sliding

jaw. it permits the dial caliper to be used as an efficient and accurate depth’

gauge.

How to use &read a vernier caliper:

To start:
* Place the object between the calipers jaws.
* Close the jaws gently on the part to be measured.
* When you are measuring a round cross- sechon"leans. make sure that the axis

of this object is perpendicular to <the caliper, to ensure measuring the full

diameter. O’ Ao | ¢

(':{a,
*  Lock the inal locking screw aand remove the ohject

Then:

]
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. Read the centimeter mark on the fixed scale fo the left of the O-mark on the
vernier scale. (2 cm on caliper seen below).
Find nﬁ]limctc(r mark on the fixed scale that is just to the left of the O-mark oq
the vernier scale. (2.6 cm). .
Look along the ten marks on the vernier scale and the millimeter marks on the
adjacent fixed scale, until you find the two that most nearly line up. Here it is
- (0.04 cm). _ . '
S[‘o get 2hc correct reading, simply add this found digit to your previous
reading. (2.64 cm). , ) ' '
It twogac(ﬁaccnt ﬁ)Ck marks on the sliding scale look-equally. aligned with t?;xr
countterparts on the fixed scale, then the readif}g 5 hfdf way between art:
marks. If the 4% and 5® looked to be equally aligned with their counter p
then the reading is (26.45+.05) mm. ’
Ifctrlic rf:;;jng :f a n(icc number such as (2, 6, 9....ctc.) don’t forget to polace the
zero decimal after the reading plus to the error introduced (Ie. 2.000£.05).

« Example:

Reading: 2.64

26 ode | , ¢ 6
s s ' -)C""’
nmm 0%
B Ha J:J,l ’ l l ll' rlll | < o e

e e ing instrument , the réadin
| The vernier caliper is an extremely precisc measuring instrument , 2 g

error is (1/20) mm=0.05 mm .
e Note: for inside readings ,the thickness of the jaws must be added to the scalg
reading. ~ T

p O kny wvitnsred
d

«
¥ s 7, // gl SRS I aw Shiding vosuir seale
ek . .//,?/i / it , : ‘

. /% ‘»,i/,’/ Vil veule 74 mm i n I ’ ’ ! I i

11

Y it 7 Mea,wnrmcf%f‘
10 it

!
}
/3

AN

9 Jwm ¢

wn erintbn

v | ,
* Fig (1.1.2): Further examples on using a Vernier Caliper.

(1.2)Diul culiper;

v =
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.
It e be d=senbed as a modified vemier caliper with gauges, which allows us to have

- - i L T By e N s .
z et reacmg. It cag IEEG provided with @ digital mdicator.

r

T s e e 5 Dl P e

=z

Fig. (1.2.1) :Dial Caliper !‘/
Description: i
* Dzl calipers are manufactured is inch &/or metric standards, and are available -
w1th digital readouts e i
* Adizimdicafor, the hand of which is attached to a pinion is mounted on the
sBding jaw.
* For metric dial caliper one revolution of the hand represents 2mm of travel,
Cepending-ag. the manufecturer. Therefore, each dizl graduation represents
-02mm meximmm discrimnation. Other type with Smm move/rev & maximum
of0.05 mm

* Most direct reading calipers have an arrow slhiding blade attached to the sliding
jz% (znd dizl).it permits the dial caliper to be used as an efficient and accurate
depth gange as mtroduced later

+ The beam sczle on the dial caliper is graduated only into 5mm and 10mm
mcrement.

« The ca}vp‘:i dial is graduated into 100 dimensions.

How to use &read a diz] caliper

* Place the-object between the calipers jaws.

+ Cloze the jaws gently on the part to be measured.

* V/hen you are measuring 2 round cross sectional parts, make sure that the axis
of this object is perpendicular to the caliper, to ensure measuring the full
dizmeter. :

« Get the most significant digit “from the main scale let us say (2.4 cm),then
look at the dial gauge to take the least significant digits (as 1 division on the
dial indicator equals .02 mm )so if we had 67 divisions on the dial then the
Jeast significant digit is= 67 *.02 = ].28 mm. .

» Finally to get your reading add the most and least significant , and take into
considerations units, 24mm+1.28mm = 25.28mm £0.05mm

COCTURRCRTERRS
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How to carc the calipers?
Regardless of what type YO usc:

forc usc.

1. Wash your hands be
2. Wipe the calipers components-: '
1P pr otherwise mishandle the caliper

3. Do not drop ©
\

Is ) Alignment’ rinciple: .
Y : |
i l . | .
scalé? and the work piece
ct points
in th

y _
/- Abbe's principle states that: ) I .
k{i"hc: maximum accuracy may obtain when the star;;lna;nt cle) o1 e conts
being measured are aligned on the same lin¢ cas:;r ent” ™ hown A ol s
-of a micrometer \re away from the s of the graduatio 50 bt s
measurement error (€) will become significant. This case, p
paid to the measuring force :
{
Z
A2
| Fig. (1:3.1); abbe’s prinmplc
: \ i
.
; o Micrometers: ; ‘—//ﬁ,\.bL‘
B¢ ' CHET
s SpoLE SPINCLE LocKk  SLeEvE THMBLE RA
FACE, FACE :N!ur | ; l
\ ¥

\

Fig.: (2.0.1): The micrometer calipers
in mechanical gnginccring for precise‘)’
ser diameters of shafts and depths of slotS:

—==ty . "
[‘advantages over other types of measurmg instruments like
N

videly ysed device

A microTﬁEter-} i5—a- ¥
blocks, guter and ini

measuring thickness 0
Micrometets have severa
\—the vernier, like: ¢ !
o meusures" greater preéisioh than the caliper. but smaller x
e The vernier caliper does readings as
beciuse: -

not give such accurate
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1. 1t is difficult to obtain &m&cuccl_iiuc to its size and weight.
2. The scales are difficult to read even with the aid of magnifying glass

Description:

* The tick marks along the fixed barrel of the micrometer represent halves of
millimeters.

* One revolution of the knob exposes another tick mark on the barrel
consequently the jaws will open another half millimeter.

* The maving barrel of the micrometer has 50 tick marks rapped around each
tick mark represent 0.01 mm. '

* Pitch, is the distance from point on one thread to a corresponding point on

the next thread.
®  Lead, is the distance to a thread advances axially in one compete revolution
to tum.
. no.of divs. On vemnier scale
. accuracy = pitch x

no.of divs. Onthimble - scale

* Before using the micrometer, its accuracy must be verified.(as will be in the
next section.). C

Accuracy verification of a micrometer:
— s =
Q, /0 Zero-gheckmg.

zero checking is one way to determine the accuracy of a zero to one-2.54cm
micrometer. Zero checking is exactly what it sounds like.

~

Zero checking is the condition where, the dis

play of a zero to one-inch micrometer
should show zero. - -

The steps are as follows. ‘
' i
1. Turn the thimble of the micrometer until the spindle is snug against the anvil.

Fine-tune the contact between the spindle and anvil with the ratchet stop until
it clicks. ‘ ‘

Check the reading,. _ ~
If the reading is zero, the micrometer is ready to be used for measuring.

(O8]

If the reading u got does not equal zero(due to our capabilities of sight), use

the following steps to correct the gage, then read the micrometer and subtract
this offset from all the measurements been taken.

5 /) ¢ Calibration:

(Calibration is the process for insuring the accuracy of pages. The process involves a
gage block and the micrometer. A gage Block is a block made from steel that is cut to
size with in a millionth of an (inch\em). Gage blocks come in various ‘sizes and are
used to check the accuracy of measuring devices such as a micrometer.
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¢ is the gage block's dimension, you may

u get from the micromete
The micrometer may also be checked for

If the readmg YO

begin using the nuerometer for measuring.
calhration using other gage blocks within its range.

gage will test the gage's accuracy

4o nacover problems and explain

the display and the gage block -+
ate the micrometer. C

Using other blocks that fall within the ratigeof the
%&m one end of the spindle to the other. This may
why the gage s loosing accuracy. In the cvent that
1 ension do not correspond, you \\jll need to re-calibr

Labinad

Tviles of micrometess

There are three types of micrometers based on their application:

. External micrometer
. Internal micrometer
« Depth micrometer
An external micrometer is typically used to measure wires, spheres, shafts and blocks.
/,/_f’-

—
An internal micrometer is used to measure the opening of holes, and a depth
micrometer typically to measure depths of slots and steps. '

How to use &read a Micrometer:

To start:
o close the jaws gently on the object to be

« Use the ratchet knob (cap) t
measured. When the ratchet clicks the jaws are closed sufficiently.

Then:

—_—

To read the distance between the jaws of a micrometer:
Get the reading from the fixed barrel ,while(1 div. = .5 mm), divisions

°
o Get the reading of the moving barrel while (1 div. =.01 mm)
e To get the final reading: simply add the two reading, and take into

consideration the units

Using Fig. (2.0.1) seen below:

1. Read the scale on the sleeve. The example clearly shows12 mm divisions.

2. Still reading the scale on the sleeve, a further 4 m :
o, m (0.5) m : en
on the bottom half of the scale. The measurement now fcad.?; lfzsnlrn:ment canbee

3. Finally, the thimble scale shows !6 full divisions (these are hundredths of a mm).

!

e

The final measur i
surement 15 12.5mm + 0.16mm = 12 6‘i 0.005 mm
; — 7 \:‘:‘;’H_’:::;;’:ﬁ

vy
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=12.00

= 0.50
= 0.16
= 12.66mm
= - f s .
""r“_‘,"v‘ ;"(7?4 / I-Z g (),’. C‘;( /Z‘? Flg. (2.0.1) /Z‘I(:
OL) [ / — ) ~ . o L
How to chre the micrometers: ML O\S ‘
= |
* Before work makes sure that the object to be measured is fixed stationary (not
moving).

Avoid over tightening the micrometer. Such abuse to the micrometer will only
do damage to the micrometer, or any other gage you may be using.

Great care must be taken in using the micrometer caliper; A ratchet knob is

provided for closing the caliper on the object being measured without exerting
too much force.

While you are using a micrometer, # would be mostly recommended to hold '
the frame with one hand and turning the knurled sleeve with the other hand. i
* Damage can be caused to a micrometer if it is dropped. So it is recommended

to make sure that the micrometer is in a safe place when it is not being used.

Before you store a micrometer back the spindle away from the anvil wipe all
-exterior surfaces with a clean glove.

(2.1)THE DEPTH GAUGE MICROMETER:

Definition:
The depth gauge micrometer is a precision measuring

instrument, used by engineers to measure depths of holes,

slots, and recesses, the distance of stepped faces from
each other and similar applications.

KAy

Description:

Each revolution of the ratchet moves the spindle
face 0.5mm towards the bottom of the blind hole.
Fig (2.1.1) below shows how the depth gauge is
used. The ratchet is turned clockwise until the
spindle face touches the bottom of the blind hole. I
The scales are read in exactly the same way as the

scales of a normal micrometer. (Refer to the
example about fig (2.0.1).

Fig (2.1.1): depth-gauge micrometer

VY
————
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(2.2) two-point inside mIOMEIC . : : :
— . oz the internal dmensons and graduated in 100"y
thes maummma«mstb ) fe(2 2.1)

le in two designs. Ogl< < L

~F 2 e ths CECTOD : 2 )
»-1_--|..—5.’T..ug...-dt':l$3\'1..ls. -
4 with a scale reading backwards.

1 One with jaws similar to vernier caliper a8 _ ‘ ‘
3 The second is a straight bar with a mucrometer barrel this type can b obtained with
. of measurements.

several interchangeable rods which allow a wide range

2.1): 2-point inside micrometer

Figure (2.

I Zgam. n.gn-
«  This type of micrometes used for measuring inside diameters.
e  The same principle application as for other micrometer.
e The reading of two peint inside micrometes is taken in a similar manper arc

that of the depth micrometer.
 The reading increase as the thimble 13 screwed.

PR D

« Inspect the tool to be used b‘cforc using.

+ Check its accuracy and zero alignment (determine an offset).

« Clean the specimen to be used, with a soft cloth.

« Hold the tool in a proper way to start measuring.

Take abbe's principle into consideration before taking a reading.

mensions of the specimen shown below with each of the

o Measure the di
following measuring devices, (If it is possible):
Vernier Caliper, Dial. Caliper outside micrometer, 2-point inside micrometer

&depth micro meter |
« Make sure not to drop the measuring tool

« Record you readings in table 1

-

\TY
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o After measurements are taken ,make sure to leave the measuring device clean,
and m a safe place

3

:~ = g
1 : : 1
| —— 22— |
| I
} ! AR B F ]
1! Iy
L . o K
; I : DA[ ] ! A
P ! : [ l hl I
1 e 1
I : i I v
l | L ! —
I - 1 i
e h2 ]
I L 4
ie . —
t——.De. ] h5
A
T h3
RESULTS: = De—— v
N S A
! ! hd
!4 DU ;‘! . ¥
T T
i d4 —
Measuring |D1 |[D2 |D3 |D4 [Da |Db [Dc [Dd [H1 [H2 [H3 | H2 | H5
Vernier
caliper
dial
Outside _
micrometer )
2-point
depth
Table 1

Scanned by CamScanner



DISCUSSION & CONCLUSIONS :

Caliper:

1. Does the vernier caliper conform to abbe’s principle of alignment? Why?

2. Calculate the error of a vemi-cr caliper? ' }
3. What is the fanction of the sliding blade of the caliper? '
4. what is a direct reading instrum:nﬂ does that apply to the caliper? .
5. What are the sources of error in réading a caliper?

6. What could happen if the locking screw is not used when measuring a distance with
the vernier caliper?

7. Is the reading taken from a caliper in an inside measurement of an object is fmal?
In this case is the caliper considered to be a comparator?

8. Is the vernier line standard or end standard?

9. What are the advantagcs of the vernier cahpcr over the micro metcr”

Miecrometers: .
1. Draw a simple diagram representing the depth gauge mucrometer and label the

important parts.
2. How many screw threads are in each micrometer?
3. Does the external micrometer Obeys the abbe’s principle? How?

4. What is the total length approach.cd by the moving barrel when it rotates a complete

revolution?

5.”over tightening the micromctcr,‘ will only do damage to the micrometer, OF any

other gage you may be using.” Explain.

4, Can this micro. Be used as comparators?

5. the accuracy of the micrometer depends on the accuracy of the screw threads
explain? . :

6. What are the factors governing the estimated reading”
7. What are the sources of error in reading a micrometer? -

’ . . i . - . ')
8. Is the spindle rotating or non rotating type? Name disadvantages of rotating tyP*

—

Vo /
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EXTRA EXCERSISES:
EXTRA

1. What s the reading indicated by the following micrometers?

N \&\\

e

N
%\\\\\\\\{\\\\\
=

'/ 7
7

90977 ,,n/ﬁ Z,,;;f«/ . /////// //?/%///7///

N\
\

_ ////

« ' rd ﬂn.;WCl-
'/(\‘( )/", ()I (“),/('
w T "

7

5 ve% %
7
3 7z 7

U - (S S
2. What s the reading indicated by the following calipers?

QUESTION T1:

Y
N,
3
e
V< /
'//'/'2’ G Fe ety
o

Y y % Y ,',J-. ; AL o
iy L) u;%ﬁ g;%! [ %54 /ﬁ%}
i sl
727/ ’/7«”41,";?/ “/’/A‘/’Wl/;r e s 7

!

MAN METRIC SCALE 7 HUNDREDTHS OF mm

answer: , ’

(QUESTION 2:

S ’ Ty YRyan
O O O R
i J . 1kt 1 1 in I 1311
bl e
i R G
AN METRIC SCALE
HUNDREDTHS OF mrn j
answer J

VA /...—-—.—
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EXPERIMENT 2 : o
BLOCK GAUGES |

Student Name :

Student No.

GROUP ( )

B gccencen
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OBJECTIVES: - g 'é

-To familiarize students with types and applications of block gauges.
- To be able to calibrate linear measurements tools.

- Learn the correct ways of using them in measurements.

- Learn how to maintain them in the correct shape

INTRODUCTION: ' I
In industrial applications maximum accuracy must be met in order to produce
reliable products.
What is the most accurate way to measure 5mm distance?
Using a steel rule, caliber, or micrometer?
- When maximum accuracy needed the use of ordinary measuring tools is not a good
approach, there for some other ways is introduced to give more accuracy such as I

block gauges.

Block gauges are practical length standards of industry. A modern end standard
consists fundamentally of a block (slip) or bar of steel or cemented carbide -generally

hardened- whose end faces are lapped flat and parallel within a few tenth of a p
micrometer.

There are two types of length standards: |
1. Line standard or Engraved scale:

In which the unit length is defined as being the distance suitably engraved lines.
Like the ruler you can measure lcm or 1.5 cm that is the whole distance is divided
into sub measurements units.

2. End standard: : :

In which the unit of length is defined as being the distance between the end faces
of the standard, these take the form of either slip, so the whole piece can measure
Smm for example but not 4.5 mm.

Gaugcfblock.l, are good examples of end standards. ‘The name end’ standards
indicate that these consist of sets of standard blocks or bars, and to have the desired
measurement we have to build a required length from the blocks. And they have the
following characteristics:

-End standard are highly accurate

-End standard have a built in datum because there measuring faces are flat and
parallel

-The accuracy of end and line standard is affected by the temperature they are
calibrated at 20 °C.

-They are made in high-grade cast steel.

As motioned earlier, block gauges are standard bars made of hardened steel, which
is heat treated. Its accuracy is 0.0005 mm. Its calibrated conditions: 20°c, 1 atm, and
60% relative humidity, they are specially machined and therefore they have the
following characteristics: :

1) Straightness .
2) Flainess: the surfaces are made by a very accurate process named lapping :
therelore they are NMat to o very high degree.

VA
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o nre pnmllcl (o o very high dege,

kna o lin :
surficen or (W depres of there neeyy,

1y Parallelism: each tow g he |
Hj)l tllm ‘”(i,‘lli zl"mu‘ Lypen of block! pauget differ by ! ) "
ut there ¥ , |
: ouehnest "
quality and roughneat, :
1
Grades of pange blocks: 7
' ‘ s accuracy required in , g
L libration: thia rade providcs (he WELEE lavel of neCtee Y i conjunction wi fo
, : jrade o8 U i .« block: : " ]
2, ('."mbl."“m"n‘li(’cpn;\d ia intended for calibrating, "']h“' e 2 miere mm.’" v'ml. th
engineering practic gy | where tolerance are 4 MIGIOme TOr Jey
i . tors, They are used whe ,
guitably accurate comparatord. Ihey pret o
and are not inténded for generally gaupe inapec
3.0 |
1,1 , !
"N er and the price cheaper, the e ‘
. . .y ' . i cl HIL J ' ) "l
When the grades get largel the tolerance fet Jarg, :‘
and most expensive of all is grade 00, :
l
! r v vyt . ' '
USING THE BLOCK GA UGLS: ‘
Number of picces in ghuge blocks set can be: |
|

1, 48 picces in gauge block set

2. 87 picces in gauge block set | ‘ ' n b
The sizes found in 87 picces gauge block set Grade 11, which we uge it in this
- |

experiment, arc; ‘

0.5, 1.0, 1.001-1.009 (by 0.00] steps),
1.10-1.19 (by 0.001 steps),
1.20-1,29 (by 0,001 steps),

1,30-1.39 (by 0,001 steps),

1.40-1.49 (by 0.001 steps), Qmmy’;’";‘g‘;ﬂ":’{
' ¥ il o o o -
1,50, 2.0, 2.5, 3.0, 3.5, 4.0, ' ;.'."u,.r,;.,;..,',),1,}.44,4.,1.},/:4J.’J:J,»’m’#'
‘ | B R B E T B L
4.5,5.0,55,6.0,6.5,7.0,7.5, i —————

8.0, 8.5,9.0,9.5, 10,0, 20,0, ,

30.0, 40,0, 50,0, 60.0, 70.0, 80.0, 90.0 and 100,0rmm,
As can be seen from the figure the block gauges are fitted in a wooden box, for ¢
of the blocks there is a special place with the length written on it |

Each block has two surfaces that have high lapping; you c:'m digtinguish them by

Noticing that lhgy shine the most of the six faces. The length is taken between thes*
- tow surfaces which are parallel,

ach

| )
¢ Instructlons for wringing topether fvo slip ganges:

LoSwrlaces must be cles o
benzene c:rll)‘:)“l" -l)(.' 'tlt.m. and ree from burrs They should be washed in |‘“““L
Swarbon-tetrachloride or other DE-prensing ogents and wiped dry on 4 glet!
/
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cloth. Then be wiped with clean soft chamois leather. Slip gauges they should be held
across one another at right angles and wiring them with a rotary motion; this reduces
the amount of surface rubbing necessary.

2. A minute amount of grease or moisture must be present between the surfaces

for them to wring satisfactory. Unless a very firm wring is obtained there is always
the possibility that the wringing film maybe a micrometer thick.

* . Another way to assemble a gauge block:
1. Remove the gauge blocks required from the protective case
2. Clean of the oil that they have been coated in using a special cleaner. It is
acceptable to handle the blocks; in fact the oil from your hands will help them stick
together.
3. One at a time, hold the blocks so that the faces just overlap, push the blocks
together, and slide them until the faces overlap together. This will create a vacuum
between the blocks that makes them stick together (this process is known as
wringing). :
4. Make required measurements with the gauge blocks, being careful not to damage
the faces '

5. Take the blocks apart, and apply the protective coating oil, and return them to their
box.

In order to protect the blocks take the following points into consideration:

-Protect from dust, dirt and moister.

-Avoid magnetization.

-Handle lapped faces as little possible to prevent etching from finger acid; wipe all
‘ finger marks with chamois leather. :

-Always wipe faces immediately before use even when it continuous.

-Always replace clean gauges in their box and close it after use. If gauges are not in
frequent use they should be coated to prevent corrosion.

-Do not handle gauges above open box, they mat cause damage to other gauges if

dropped. , ‘
It was mentioned earlier that we have to build the desired length of the blocks;

the following example explains the procedure:

~Build a 30.967 mm using the minimum number of blocks.

30.967
20 A6 F - 1.007
~ . 29.960 i
Pr— | . o007 -1.090 (e "//”"["C"”“f
5o Em 28.870 /
\ R () (> AL
2930 -1.370 _// e
~ 1€ 27.500 2o .qsé)
e -7.500 _ .
20.000
. = 2
So we 5 blocks are used to build the desired length.
APPARATUS:

e Set of block gauges
»  Ciranite surlace plate
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EXPERIMENTAL PROCERUDE:

After being familiar with the blocks and the available rang of lengths copg),
following procedure. PICiC the
1-Use minimum number of block gauges to build the following size lengy, .,
complete tablel. ‘

Table 1:

# of pauges 59.876 mm 41.389 mm 9.999 mm

1* picce

2™ piece

3" picce

4™ piece

5™ picce

6" piece

!
2-Complete the following table and Plot your results & determine the maxirmum error
Table 2:

Standard block gauge mm | Standard block gauge with | Reading of micrometer
crror mm
0.000 0+ 0.0005
0-0.0005
3.000 3+ 0.0005
3-0.0005
5.000 5+ 0.0005
5-0.0005
10.000 10+ 0.0005 ‘
10-0.0005 - -
15.000 15+ 0.0005
15-0.0005
20.000 20+0.0005
20-0.0005 =

3.Take the piece which you want to measure its length and take its length by usé
vernier caliber (to take approximate length to casy the comparison )then we put il
mechanical comparator and calibrate it to get error less than 0.01 mm. Now rcmo‘j
the piece and put block gauges until we reach the desire value. Then we take 1*
reading of blocks. '

m /_
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- DISCUSSION: :
1. State the difference between end standard and line standard? And state - -~ -
the reason that make the end standard more accurate? ' o : k
2. Stat the difference between the different grades of the blocks. o

Figure 1 mechanical comparator

As seen in the figure the mechanical co
number of blocks needed to the desired len
within the measurement is acceptable.

mparator is used to detect the correct
gth, and it provides a rang of tolerance

%

3. What is the accuracy of the block gauges? How did you reach {‘rie
answer?

4., Why do we always choose the minimum number of blocks combination?

5. Why do we bather ourselves with how the blocks should be attached to eaéh
other? '

6. Suggest other applications for block gauges?
7. In the comparator measuring method what do we compare with?

A

v

D e e R S e
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0000

DO0ODELIDD

00000
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Introduction — ity

Sl\n _gg}gg@imglg:r‘]is an optical instrument that is used to measure small angles with

__very high sensitivity, As such, the autocollimator has a wide variety of apph'caiipns
including precision alignment, detection of angular movemient, verification of angle ... -..--
standards, and angular monitoring over long periods.

SOOOON DOBONAN
23 PR 20 R

Objectives:

- To measure straightness of a beam with the use of Auto-Collimator.
- To identify the principle of Auto-Collimator device. , :
- To be able'to draw conclusions about straightness error using graphical methods =

and least square method. 2 0TI TT&777)
s AN K
Apparatus: 4 z %
1) auto collimator Z
2) straight edge with 100mm marked intervals. 5 E;
| 7>
Theory: :M//
Auto-collimators are sensitive and inherently very accurate optical N Uy {
instruments for the measurement of small angular deviations of a light S
reflecting flat surface. The auto- collimator has its own target which is Beeane I
. . _projected by collimated light beams on a remotely placed surface-and . o 4
f the reflected target image is observed in the ocular of the instrument. . o
’ The auto-collimator is stationed at the end of the bed with a rigid
support base. The movement of the reflector along the bed will cause

the reflected image of the target to deflect according to the angular
error of the bed. _

The autocollimator is a flat mirror mounted in a short tube made to fit a
Newtonian telescope focuser, and set accurately perpendicular to the
tube’s axis. Centered in it is a small peephole or pupil that you look
through|
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THEORY:

t is used to measurc small angles wity

Autocollimator: is an optical instrument tha

very high sensitivity.
, B ' ‘ >
rinciples of operation of@utocollzmator. ,

- s TR
. . 3 . " LLIP ; An Cx’tcma]
imat ojects a. beam- of collimat parallel" light ‘
e the beam back into the Ins ent where the beam i

reflector reflects all or part of : \
focused and detected by photo detector. ) oo
The autocollimator micasurcs the =viation between the emitted beam and the

reflected beam. Because the autocollimator uses light to measurce angles, it never
comes into contact with the test surface.

— —\
H e 1 e ‘{
B
e a= L
;-"‘/
| 4] . =
I
pe——y

refiectad baam whan mirror 18 perpendicular to autecollimator

-
@ light source '
—— rpefiected heam when mirror i3 tlited

Ll

detacling surface ‘ ' \):s..\p?(
Digital vs. Visual Autocollimators ‘ dig kst
: Visual Autocollimators

Visual autocollimators rely on the ‘operator's eye to act as: the photo detector. The
operator views the reflécted pinhole images through an eyepiece. Because the human
. eye acts as the photo detector, resolution will vary among operators. Typically, people
can resolve from 3 to 5 arc-seconds.’ 4 ‘
_ Digital Autocollimators
Digital autocollimators use an electronic_photo detector to detect the reflected beam
The detector sends a signal to a controller which digitizes and processes the signal
using proprictary DSP-based electronics. The processing creates a calibrated angular
output. The angular data is retrieved using a digital LCD display.
Applications: 2 :
o Calibrating rotary tables.
» Checking angle standards. ' -
 Remote or long term angulat monitoring.
e Measurements of flatnéss or straightness. :
; To provide angular feedback, in servo-controlled systém.

. -How to Calculate Tilt of 1 sec of Arc of the Reflector::

e @ is the angle taken when after adjusti i T

= S AL justing the micrometer pr ds
- his the vertical distance (to be found) T properly (injseconds)

o L is the length of the reflector Carriage which is 0. Im in our case.

)
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Tan0 =}/ radius Cc o« f
0= 1 sec of arc

h=tan 1 sec x Radius
h=43848x 10" meter

h =5 micrometer / meter approximately 73) -
h= 0.5 micrometer / 10> mm

R 8%, o .0 2
h 60«cc 18D

‘tan(f)=—

K_H,I—///\ /‘W\CO -

Assume & =1sec '

tan(6) =~ @ for small values N (@/ 1
1 T | ¢ /.| ~ . &

Isec = =4.8%107 rad : —
(60>< 60)180 ) ra L. O w i S

- -~ ¢
u= 48%x10%m ’r

. —1:€. cach 1 sec indicates a vertical distance of approximately 0.5 micron “since L =
‘ 0.lm". '

\ :

%

| gx_\ . AY s @_(L
.. For ©=3° find the corresponding vertical distance, for L =0.1m. : T:"
h=3x60x60%4.8x107" =5.18x107m

—
7
T T e s

Principles of operation

The autocollimator projects a beam of collimated light. An external reflector reflects
all or part of the beam back into the instrument where the beam is focused and
detected by a photodetector. The autocollimator measures the deviation between the
emitted beam and the reflected beam. Because the autocollimator uses light to
measure angles, it never comes into contact with the test surface.

ST P TE S e {

Visual autocollimators rely on the operator's eye to act as the photodetector. Micro-
Radian visual autocollimators project a pinhole image. The operator views the -
reflected pinhole images through an eyepiece. Because the human eye acts as the
Photedetector, resolution will vary among operators. Typically, people can resolve
from 3 0 5 arc-seconds. Because the human eve is able to discern mutiple images
simulnmmmsl_\r_ visual autocollimators ave suitable for measuring multiple surlaces

—mene
goreTtacantose

P

s
——
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simultaneously. This makes them ideal alignment instruments m applications }jj,
aligning laser rod ends or checking parallelism among optics. |Visual autocollimey,
can also be equipped with an eyepiece reticle for aid in lmmg up test optics tg 5

master reference. : i

Visual Autocollimator S;imple Applications
C B

i

%

|
1-Measurement of non-parallelism 11'1 windows, laser rod end.s;,

|

i

‘ ) !
i

'
\

sos
N e s s,

—
~4

T

|
|

N |

i

! .

2-Measurement of squareness of an outside corner by aperture sharing.

/

3- Angle comparisons by aperture sharing.

C———

[Z]

4- Checking right angle prisms for angular and pyramid error

-

.
. . — ——— e — I-.-.._..
1

Feieetal xprins b b
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Reflection when reflector is square to the beam at light

d=2* 0

A light beam is reflected due to the tilt angle of the reflector

PROCEDURE

1. Clean the surface plate or table.

2. Position the auto-collimator ir line with the reflector. Switch on the lamp in -
the autocollimator, the alignment between the auto-collimator and reflector
should be checked at both extremes of the operational distance to make certain =~
that the target graticule is contained within the eyepiece field.

3. Fix a guide strip to control the horizontal displacerent of the reflector and
minimise the movement of the target graticule. )

4. Mark off the positions along the surface plate equal to the pitch positions on
the reflector base (in this case 100 mm). Column 1 should indicate this
position. .

w

At the initial position takes the reading and tabulates (column 2)
6. Move the carriage (reflector) to the next position and again tabulate the
reading. |

7. This method is to continue until the final outward position is recorded.

To improve on the accuracy and ensure no errors have been introduced, readings
should also be taken on the inward run. Ifthis exercise is followed then the
average of the (wo readings is (o be shown in column 2.
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8. The remainder of the table should be filled by adopting the following
procedure:
1 * Column 3 This is the variations of the tilt occurring betweep the
| position at which the reading is taken and the original position,
g s Column 4 The angular position in column 3 is converted int 5
Ol linear measure (1 second = 0.5 micro m). Insert a zero at the top of the
| o column to represent the datum.
Y e Column 5 This is the cumulative algebraic sum of the
7 displacements. Calculate the mean displacement this is the amount by
) which the displacement must be adjusted to relate them to the zero
datum : : :
Plot the values of column 5 versus column 1.
/27_ sl (
T — ? ecj - L. i \ hray = egy C, !
Collected Data: ‘ (J i s
:(é‘b 3 < ’
Y
- \
1 2 3 4. 5
Position of ' Difference Vertical Rise '
Reflector Auto-Collimator | From  First | OR Fall Over | Cumulative
Position | Camiage Readings Reading 100mm Rise Or Fall
\ w\ - N - {?‘);j
mm Min. | Sec. Sec. Micrometer | Micrometer ™
0 0 < |- - = i 0 .
[
1 0-100 '°c = i
2 100-200 - =5
1
3 200-300 .
4 300-400 — (.’
5 400-500 —
6 500'600 B i
R
5 £00-900 &9
10 $00-1000

Scanned by CamScanner



Notes on the table:

¢ Column (1) this column shows the successive positioh of the reflector along the
diagonal of the surface.

o Column (2) Auto cottima
o Column (3) gives the

¢ Column (4) the differences

* Column (5) obtained by addin

tor reading for each position is entered in this column,

difference of each reading from the first one. This is
required to establish a re

ference for our calculations.

in column 3 are converted to the corresponding linear
rise or fall.

which gives the height of th

g together algebraically the values of column 4,

¢ table at each position relative to the datumi
_ (reference) line “
( )_) )/?_’ K(‘\ yf‘\ )(m)/g., m
k}( (N X =X - .
./”"7['“=/_::),7,,‘ J
—Discussion: ’ \f
1. Dctcm3ine‘thc maximum straightneéss errbr with-respect té -
a. A line joining end points. N = 2 Hm /NL
b.  The least square method Jine. . - ’?;](_T: N
2. D.raw the relation between the position and the autocollimator reading, ', & I
3. Find the position at which the reflection angle is zero, what do you suggests. R -
4, proof that the vertical distance (d) is equal to twice the reflection angle.
5. Discuss and compare your results,
6.

Determine the spurce of error in the experiment,

5 U
=X _% \
&C1)
. 3C1)
Review Questions: N |
‘% B R A l /”\_ @X'\Ym;' ]<
5 NExplain the principle of the Auto-collimator. R .
[
¥ » Are the existence of burrs or dust on the surface plate affect your result. /
3‘1 » Auto collimator works ori the principle light reflection, it concerned with the idea
) that flat surface will reflect light at «eeeee . angle =
¢ S {"%,;,\/M
( » The main scale is divided into —--——-. divisions each reads ---—-. min S X W2
. A e
. _ \ _ m‘—
3 » The accuracy of the device is ——-wwv- <= f
7 : . - = )—7 - /) ) >(
Q » The alignment between the auto-collimator and reflector should be checked at both
1o extremes of the operational distance to -------mt .. C®m:=3 _ny
— < - ¥ e y &
. ! Jeqee \ o
| sec oo = e 7,1;:,, [
* & T Sceo (a0
o P e
: : P 4 v. Ay 3 ~_
e L D soi sl B 7y, e
g T <GB = O3 An
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SURFACE TEXTURE

*INTRODUCTION: -y :0n of a surface. A
Surface topography is of great importance in specifying the function oL as .

significant proportion of component failure starts at the surface due to either anali
isolated manufacturing f the surface qu ty.

discontinuity or gradual deterioration of t :
Typical of the former is the Japs and folds which cause fatigue failures and of the
Jatter is the grinding damage due to the use of a worn wheel resulting 10 stress.
corrosion and fatigue failure. The most important parameter describing surface o
integrity is surface roughness. In the manufacturing industry, surface must be within
certain limits of roughness. Therefore, measuring surface 10

ughness is vital to quality
control of machining work picce. Below are the definition of surface roughness an
its main measurement methods. . From a knowled

ge of the roughness amplitude. and
wavelength values expected from the surface, it is possible to select the appropriate

instrument settings for a reliable roughness measurement.

Surface texture includes roughness and waviness. Many surfaces have lay: directional striations across

the surface -
Fig.1
*DEFINITIONS: -
In any discussion of this type, we need to start with a few definitions. The important -
ones here are:

SURFACE TEXTURE is the local deviations of a surface from its ideal shape e.g
perfect flat shape, perfect cylinderical shape, sherical shape etc. The measure of the
surface texture is generally determined in terms of its roughness, waviness and Form
** |1 surface texture there are many factors that, when combined, characterise a

surface’s profile. For example:

« the microstructure of the material

« the action of the cutting tool

. the instability of the cutting tool on the material

« ermors in the machine tool guideways

« Mainly, what affects the surface texture could be summarized in the speed of
the cutting tool, feed rate & the depth of cut.

ROUGHNESS - a quantitative measure of the process marks produced during the
creation of the surface and ather factors such as the structure of the material ﬁw
action ol the cutting tool. chemical action. polishing. lapping. i the structure of the

Y
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material all contribute to the roughness of the surface. ,
WAVINESS — a longer wavelength yariation in surface away from its basic form
(e.g. straight line or arc). . It may result from such fz.ictors as machine or work
deflection., vibration, chatter, heat treatment, OF WAPIRE strains

**Because both process and machine induced it cgu!aritics occur
d over waviness.

simultaneously,roughness is superimpose
of the surface texture. Ordinarily lay is

thod and geometry used. Turning, milling,
cesses usually produce 2

LAY refers to the predominant dir ection
determined by the particular production metioc
drilling, grinding, and other cutting tool machining pro
surface that has lay i

[ : ; : i
y, the line of intersection of 2 surface with a sectioning

PROFILE is, mathematicall 4 4 5 :
plane which is (ordinarily) perpendicular to the surface. It1s a two-dimensional slice
of the three-dimensional surface. Almost always profiles are measur ed across the
surface in a direction perpendicular {0 the lay of the surface. Shortly saying, it's the
graphical representation of the surface.

i 7

///, / 7
/ 5 /;ZM}//’;{/%: .%/% -
50
T
7 = 2

face that may be thought of as

cture of a three dimensionﬂ su
taken perpendicularto

ting the surface. Profiles are ordinarily
¢+ thelay.
Fig.2

A profileisa two-dimensional pi
the result of a sectioning place cut

CENTER LINE (Mean line) : mathematically it's poisoned in such a way that within
the sampling length the sum of areas enclosed by the profile above & below the center

line are equal. ,

FORM of a surface is the profile of the surface under consideration ignoring
varjations d_uc to roughms; a_md waviness. Deviations from the desired form result
from clamping marks or sliding marks machining guide errors etc.

-

Ra - Average Roughness....The avéragc roughness is the area b ‘
. . . etween the roughness

profile and its mean line, or the integral of the absolute value
’ 4 : of the roughness profile
hcblght over the evaluation length Graphically, the average roughness gsgt}}l:; arcI:l
(s a‘;”"_"";"") between the roughness profile and its center line divided by the /
z:alxaa:;g: l::g:)("mgﬁ ,?"'c sample lengths with each sample length equal to on¢
Ve _ s € par a:nctcr that has been used universally for many
, :J Ra=YA/L=F H/N | ;T

here A = Area between the center i : -

gzt b ine & the pr
:'_; 5;-’??-’,‘”3"5’?8& _ 1e profile.
2 "3,’ fl?b}‘inl chosen [ S . : ‘ .
ol heights ke rom the profile with respect o the center N

N - numbe
Y ’
: 7 /,/
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FILTERS are electronic or mathematical methods or algorithms which separate out
different wavelengths and allow us to see’only the wavelengths we are interested in.

CUT-OFF is a filter and is used as a means of separating or filtering the wavelengths
of a component. Cut-offs have a numerical value that when selected will reduce or

‘remove the unwanted ywavelengths on the surface. For example, a roughness filter cut-

off with a numeric value of 0.8mm will allow wavelengths below 0.8mm to be
assessed with wavelengths above 0.8mm being reduced in amplitude; the greater the
wavelcngth, the more severe the reduction. For a waviness filter cut-off with a
numeric value of 0.8mm, wavelengths above 0.8mm will be assessed w1th
wavelengths below 0.8mm being reduced in amplitude. '

SAMPLE LENGTH : after the data has been filtered with a cut —off, we then
sample it. Sampling is done by breaking the data into equal sample lengths. The

sample lengths have the same numeric value as the cut-off. In other words, if you use

a 0.8mm cut-off, then the filtered data will be broken down into 0.83mm sample
lengths. These sample lengths are chosen in such a way that a good statistical analysis
can be made of the surface. In most cases, five sample lengths are used for analysis.

'frevxitce Lengty

e >

‘Rmraa OVtrt:;v:.:’

R %MW b

l Sampling ‘, 1 ‘
, Eia s N

Assvssngat (Evxizstion) Lenuth
Fig.3

Rsk —(it's an amplitude parameter which's a measure of the vertical characteristics of
the surface deviations).Rsk : is a measurement of skewness and will indicate whether
the surface consists of mainly peaks, valleys or an equal combination of both. It is the
measure of the symmetry of the profile about the mean line. A surface w1th‘ :
predominant peaks will be considered as 'positive skew' and a surface with ™
predominant valleys will be considered as 'negative skew'

RSm (it's a spacing parameter™ which's a measure of the horizontal

characteristics of the surface deviations) Rsm : is the mean spacing between
profile peaks as they pass through the mean line (spacing is the distance between
points that cross the mean line within a sample length in an upward direction).

*note - almost all parameters are defined over 1 sample length, however in
practice more than 1 sample length is assessed (usually 5) and the mean
calculated. This provides a better statistical estimate of the parameter's
measured value

TN AN N I
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*PROCEDURE:

1- Tactile assessment ; Which's a comparison of the SU - r%ugtlzilis;ﬁ‘:’gﬁ&:
standard surface (Rubert gauges). The comparison '8 done ;{1 es to establish the
surface with your fingernail & then comparing it :thh thff‘gd tgor a certain
foughness value of the sample. Now, each gauge is spec dli;-crent process used in
process, i.e each gauge has-a different color m€11ca}UDE a5
manufacturing the tested surface as milling, grinding, nu_mﬂg--micrometer.

*Using rubert gauges, the estimated valug Of R&= oo 0
stylus that's dragged across the

2- The tracer method : Which uses,a : 388CC " IS
method is the most common for obtaining quantltaixvc T .

S 4 A :
(/\\31/\ Z ™ ,
eyl s Fig.4 Talysurf 10
*+Taylor-Hobson (T alysurf 10) Profilometer : '
face profiles by scanning 2 mechanical stylus across the

This equipment measures Sur
sample. The profilometer can be used to measure etch depths, deposited film _
' thickness and surface roughness. A'modern typical surface measuring instrument will

consist of a stylus with a small tip (diamond) a gauge or transducer, a traverse datum
and a processor. The surface is measured by moving the stylus across the

surface. As the stylus moves up and down along the surface, the transducer converts
this movement into a signal which is then exported to a processor which converts this
into a number and usually a visual profile.(The stylus must be moved in a straight

line to give accurate readings) '

s r Lt wena
*, K ', P .

...‘- 3 /-. . .2 & i -'-, 3'.. 5 s -
Bt :\ A" / .')\1. 7/ & &, & ’/\\"‘. i
ina \‘.\“"}‘ ! ..‘vll / \l."- i / “ ..'-. 171/: )

Figure1 - slieng disloron due o finlle stylus stze.

*Below is a description of this process :
a- To record the profile of the specimen, switch i ]
) _ : on the instrument & adju
coTa;‘sc & ﬁn; adjl.xstmcm found on the amplifier recorder to the mid position-
The magnifications for both the vertical & horizontal are set to 1000 & 20

respectively.
- The specimen is placed in the V-block.

st the

T
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- Slowly bring the stylus on to the specimen until it touches the specimen. To make
sure that there's a touching bring the stylus down more until the pen in the Graph
Recorder comes to the mid position.

- For trial, take a trace by pressing the switch knob down. , :

- Now, run for a few centimeters & stop to adjust the vertical until the trace covers
the graph paper. . : i

- If you want the profile to be spread apart, switch the function knob to Vv same.

b- To find the roughness average, use the Ra meter.
- Hold the specimen on the V-block. - , .
- Adjust the coarse & fine adjustment knobs to the mid position.
- Set the function knob Vv to the 0.8 mm cut-off length & Vv to 1000
magnification.
- Once again, slowly bring the stylus on to the specimen & check that it touches the
specimen as previously. o
-Press the start lever & take the reading from the Ra meter. To make use of the full ' "y
range of the scale, choose the appropriate Vv & take another reading.

Traverse Direction (X)

Stylus
motion (z)

W

Fig.6 n

Traverse Direction

(x) ———)

Stylus Movement (Z)

(IETTERT IR
| !@U\f\‘ }f",ﬁ'}lr’*f\w‘g M
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~ *RESULTS:

Turning 1

Rubert gauge

Ral Ra2 Ra3 average

Talysurf (direct)

Talysurf (calculated)

Turning 2

Rubert gauge

Ral . Ra2 Ra3 average

Talysurf (direct)

Talysurf (calculated)

Milling : !

Ral Ra2 Ra3 average

Rubert gauge

Talysurf (direct)

Talysurf (calculated)

Grinding:

Ral | Ra2 Ra3 average

‘Rubert gauge

Talysurf (direct) -

Talysurf (calculated)

'*DISCUSSIONS: 5 ’

1-
2-

3.
4-
5-
6-

7-

What are the advantages & disadvantages of using Rubert gauges & the stylus.

Why do we need the profile of the component & is it a true picture of the
surface?

What does 1 division on Ra scale represent when Vv= 50000 magniﬁca_tion.
How do we achieve the vertical & horizontal magnifications?

Why is the horizontal magnification limited to only a small value in
comparison with the vertical one?

What do you think is more accurate in finding the Ra value, (3, A/L)or
CHIN)? |
What does Ra represent graphically?
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Objectives
*  Measure the major Diameter

o Measure the effective diameter
*  Measure the minor diameter

* Leamn how to use the pitch gauge
* To leamn new important terms such as fiducial pointer, Vee prisms, apq
fiducial indicator
APPARATUS: 1. Floating carriage diameter measuring machine
2. Thread cylinders !
R ) 3. Plam cylindrical standards.
4. Vee prisms
S.

Metric parallel screw thread plug gauge specimen

. s Linto the length.
g B HE€Are 5 pitches in 1 in, 5o (he

Rumber = F€Ciprocal of the (hy
Sone”. This will ey
| ieck your pi

thread pitch is .200 1
cad pitch. A common nustake
dtoaone pitch error. Make sur¢
ch determination, check your
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Pch Count =5,

Hand of the Thread

The hand of the fhread can be easily determmined

threads with the right hand and
hand 2nd right hand is assumed

common on mamual drives where ¢
r- On fine threads, it may be necessary

motion away from the operato

thread grooves to determine hand. Matching the angle of It

1 - 2
Pi!msiinJSe.zCOin. g (o
/\'\ 2 /’j Vs

CUlenA N

by visual inspection. Simply compare your SCIEW

illustrated in figure below Most threads arc right

cified Left hand threads are

tightens, extends, or creates

to lay a small wire in the _

ie of the wire with the illustratio:lis will_
|

left hand threads
if no left hand designation is spe
lockwise handle rotation raises,

-~ ‘“:ﬂr‘/“_:‘.\

indicate the hand of thread. t
AR BRI I
YR ,\‘,.t‘«{"&‘«‘ I"”H#; -’f.éf;;!}:"
AANANRNARANNY PR
THEREREVAY G ENa A YA
¥ y (,_f %, I(-,f ';\\(,. J
’ L Hand Thread 2 e
oS\ 9

Righ Hand Thread

The pitch diameter (often called the effective diameter)
The pitch diameter is the diameter at which the thread tooth and the thread space are

equal
——f 3 “weadsmequals
Thre et}
- _"i i] sl;;c?igiamal.: s
sl r ' - [
.1 CPRCETETARG
pe pansr L—EW AR L ._
Over¥ires | %‘a;%\" ) ‘M\\j Diamelat T = X
15 _-_:,fi&%}éuma 2 R T
Figure : Pitch diameter \\’\Q
The major diameter : can be measured with a micrometer, caliper or steel rule 3> (7o, oo 2
ar; rr;!s:v:c takcrnu to msm the majorndiaxnctcr on a section of the screw thread that is not o
OT0 ™ portion measwe smaller (or larger if :
original major diameter . er (or larger if burrs have been rolled up) than the
Therefore, it is ractice to measure the major di .
b good p ¢ the major diameter over the least used section of the
// .- D ,4’& ; )
A '
sy lf>/ 2y ¥ ( By~ D
/ ¥ 3/
;. O
) 3o /, \
D == oo 2 :
/ K‘-‘, o= e 5 X ;\
/\/\W e %
N (I AN (o \\
IW/P
\
|

-

—\‘ & . ol
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The minor diameter is the diameter of the cylinder that just touches the 1o,
internal thread. '
The minor diameter can be determined by measuring the depth of the threag
with a depth micrometer and subtracting twice the measured depth of thye i
from the major diameter. When using a comparator tq measure the Minoy
| (et “ﬂ (3= 2w ﬁdiamete_r,

" \ NEPRR S
J CLEN \:1,\ t"’”'lu
\ v \—

S 1ea '

tofaIl

g I gt~ v ’.,. ":-1 p .(_‘\ '.‘E______
LV w ot A
N Sl |\ 1\ 1\ ‘\3‘_*\‘&3%3‘3 |
LIV S U i_“vd\.}"i.. Wiy
® o . FH e' 4): Minor diameter
= LA ). R S
: R e
WMoy 9 0 =AY " )
| " The crest of a thread : is the prominent part of a thread, whether internal or
AIK external. : :
- ~  The root : is the bottom of the groove between the two flanking surfaces of the
7§ —___ thread whether internal or external, - S
«~ "B — O The flanks of a thread: are the straight sides that connect the crest and the root.
' The angle of a thread : is the angle between the flanks, measured in an axial plane
P o section.

Wine )\77.)7/_

, ‘K“J'D-j-’ [Zu.-— DE«

g G Lo

cylmdnc:a] Standard and mount it between the two male centers.

1€ micrometer when the fiducial pointer in the null position-
“Placed by the workpiece; the Specimen provided and a second
ing over C)flindrical Standard= R mm = the micrometet
(g:n, f:l)lc diameter of the cylindrical styandard= D mm

'\/ '\,’ “ effective diameter: - :
7 | £ orrect thread measuring cylinders (wires) from the tables.
& fung the plan cylindri . We
=43 is H1€ plan cy ll}dn(ial standard between the two centers.
£ i '!?'?‘m'flf\g_Cyl:ndncal vertically, freely from the hook and
. —’é_ _ gr reading say R, )

‘___/
caconro i
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2. The standard is then replaced by the specimen with the thread measuring
c;rltindcrs located in the thread form. A second reading R, of the micrometer is
taken

The value'p is the difference between the effective diameter (E) and the

diameter under the cylinder (T) as below. (i.e. P=E-T).

the value of P is usually calculated from the followmg expression:

P=6/2cot0-(csc6-1)d - b2

1f 6=30 then P=0. 86602*P1tch-d1amctc1 of thread mcasunng cylinders (wires).

Now the reading for an effective diameter equal the standard diameter=R,-P value

If B is the actual effective diamcter of the fpecmons thea B=B{(R-P value)-Rg] mm .
Measurement of thé minor diameter:

To determine the minor diameter of a thread, measurement are taken over prisms. We
selected the appropriate size prisms from the table.

The first reading is taken over a cylindrical standard and selected Vee pnsms and we
measured R,

Having taken the reading, the standard is replaced by the specimen with prisms
located in the thread root. A second reading “Rg” of the micrometer is taken.

. If Reading over standard and prisms = R,, Reading over work piece and prisms = Ry

Diameter of the standard= D
Then the minor diameter C=D%(Rs-Ry) - (%/ﬂ

CALCULATIONS | . P S

1. by using a micrometer or caliper; determine the major diameter (actual ;‘ ("\‘_ o
outside diameter) of the male screw thread. | 0 o\

/ \
Ve
(see dmgram ii). g e

/

| m a —

2. by using a rule or caliper, determine the number of threads per inch. / . = \\

- 3. measure very ca.refully the pitch (p) using a thread pxtch gage, or , 1o YL

any other type of measuring tool which will gwe an accurate reading for | / Ry / y
J <=
pitch. _ =

4. multiply the factor value: {f)=1.0825 by the pitch (p) which yields | 2 ( Pism)
result (r). fx p=r. example: 1. 0825 (f) x 1.75 (p) = 1.8944 (1) P4

- % / y €
S. measure very carefully the (i.d.) inside diameter (minor diameter) of thc - (< )
female metric thread using an internal micrometer, internal caliper, or ,\/ pos 02 o )

gage pin. , k/

d.) to the lcsult (r)

4. add the measured value for the inside diameter (i,

Whaxch will yield the nominal major diameter (0.d.) of the female thread.

i.d +r=o0.d example: assume measured value 10.1036 (i.d.) + 1.8944 (1) -

jameter).
=12 (o.d. or appr oximate nominal major dia ) Z/(C«\cs
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5. fill the follwing table:

i Parameters BS3643 Size Measured size Cox_nmcnts,
{ Satisfactory/unsatisfactg

—

Major Diameter | 30.00+0.002 to
+0.030
Minor Diameter | 26.12 ]
Simple effective | 27.727+0.009 to’

Diameter 0.023

Pitch 3.5 mm+0.006
Flank angle 30° Q' +9'

Review questions

1-What is the main features of screw, thrcad 7

i 2-Define the following terms :crest root,pltch,pltch d1amctcr?
‘B 3-What is the difference between major and minor diameter?

Discussion and conclusion :

» Why we are taken cornparatwc measurement

» The designed accuracy of Lhe - floating carriage micrometer is mm

? ® What are the advantages of ﬁducxal & non rotating micrometer spindle?

.

A
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SINE BAR & ANGULAR MEASURMENT

I

T PRI RIS P

OBJECTIVES:
To familiarize student with the use of bevel protractor, vernier protractor, Clinormeg,,

and sine bar for measuring angles.

PARATUS: |
1) Plain bevel protractor
'2) Vemier protractor. |\ | |
'3) Clxnomctcr - '
~JA—4)—Sime bar: —
5) Block gaugcs
6) Specimen A & B. -
7) Granite plate;

et (OIS 4 MO S P S .
LTI o 0 o7 s e e

T

THEORY:

_ I ,

(" Bevel Protractor:) '
"\ When two surfaces are at any angle other than 90°, the angle bctwccn them must be
tested with some form of protractor. Instruments for this purpose may have a scale of
degrees, enabling the angle to be read off, or they may consists of gauge which must
TR be set to the angle before use. And the Bevel Protractor fig. (1) is an exariple of this

c) second variety of gauges, and must be set to the correct angle before use.
‘i
1
. z ‘.
= |
Fig. (1) bevel protractor
& (ﬂ The Plain Bevel Protractor:
Consists mainly ; . A | n
i scalc ?stsd?mn - from main scale, movable arm and fi xed nut, see fig(2). Jts omﬂid
F nto }80 d1v1§‘|9n each division equals 1°, thus accuracy =+0.3" 1
) U‘&Soulmj /i)dJCQ ' - . o
- o’
4 . 5

; o ' A
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Fig. (2) Plain beyel protractor

@ Vernier Protractor:

The main scale of this device is divided up into degrees from 0 to 90° each way. The
vernier scale is divided up to that 12 of its division occupying the same space as 23°
on the main scale, thus 1 vernier division =23/12= 1.92 degree on main scale. The
instrument therefore allows settings to 5 min of angle to be obtained, so we use it to
- get accurate readings. This device has a movable arm, plate blade, fixed nut and

vernier scale, see fig. (3). / :
: 5o TR\ Aeai e
DN ‘ el —CZ.T '/‘ \ .
-~ NrorE = \e v N L_/

i PSR T W

P

2 -,

Fig. (3) Vernier protractor o\ A

Reading the vernier protractor:

1- Read of directly from the scale the number of whole degrees between 0 on the
! main scale and O on the vernier scale.

2- Count in the same direction the number of divisions from the 0 on the vernier
scale to the first line on it that is level with a line on the main scale. A&s each
I ~division on the vernier scale represents 5', the number of these divisions
2 mulfiplied by 5 will be the number of minutes to be added to the whole

number of degrees. Actually the multiplication is not necessary, as it has been
done on the scale. In fig. (4) notice that the number of the whole degrees is 85
degrees, and the mark on the vemier representing 30 minutes is level. The

reading is therefore 8:57‘?"301.
et 5/
euch de- 3‘" o -
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Qo \n\(',\)~,‘ '(p

BES 2R0000 ey vormn 4 nem - T e P v 4 4 ¢ 60t o £ ot & o i " e
BR300 ettt A A . . -
. . !
SN, LY
~. \

| (
s (? (&) \

Jo

QD : )
g !; fa Fig. (4): Always read the vernier in the same direction that you read the dial.

glffté’t'linomcter:_ X |

r'e

; The clinometer is a spccxal casc of the apphcatxon of the spmt level. In this instance
f the level is mounted in a ratable body carried in a housmg, one face of which forms
$a 9 ' the base of the ins . A main use of the instrument is the measurement of the
i included angle offtwo /adjaccnt faces of a work piece. Thus, in use, the instrument
’\ base is placcd on one face and rot.table body is adjusted until a zero rcadmg of the .
g bubble is obtamcd c anglc of rotation necessary to bring this about is then shown
( on an angula sc ving agamst an index,
A second-re g is taken in a similar manner on the second face of the work piece,
the included angle between the faces being the difference the first and the second
read.mgs Depending upon the type of instrument ‘used, reading direct to 1 min are
obtained, and up to range of movement of 90°, see fig. (5).
ain Scale =360°.

/( Vernier scale: full 'r'cvo,luti/on= = 60 min, so each division on vernier scale = 1 min.
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’ Readi nd the clinometer:

' - 1- Measure the angle y of the component provided with the plate and the vernier
‘I protractors. Enter the values in table.
2- To measure the angle y of the component with the clinometers:

a. Place the component on the table and mark it around.
’ - b. But the clinometer on to of the component and the same axis, of the

specimen.
3- To determine the inclination of the clinometer, the bubble unit is leveled by
releasing the worm and turning the degrees graduated wheel:
aFiner adjustment is made with the knurled micrometer knoh. :
b. Note the readings in degrees and minutes. -~ * - S

c. Take second reading by keeping the clinometer in the same direction but
reverse the component.

/ ' Sit;e Bar

The bar is essentially a hardened steel beam mounted on two hardened cyhndcrs The
high dcgrec of accuracy and precision available for length mcasuremr:nt in the form of
gauges blocks may be utilized for angle measurements. The center distance between
the two cylinders = 200 mm. Hence, if the difference in height of the cylinder can be
accurately measured, possibly with gauge block s‘tax:k, a right angle tnanglc is

available from which an applied rate value of the angle can be caIquatcd, using the
Trigonometrically ratio. ié/ S e

i et e b

o e e e

3,

e o
Ve

Thus, when 6 = angle to be measured then /%
side_opposite the angle. oo
sinf = PP g
Hypotenuse... .

See fig. (6) you can see that sm6=h/l - % o
- e o s b
~ So, Pl‘iw do = F+ I tan@ ; NV = e

K . f} //«’// f/f
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" Calculate the probable error thal can occur in measuring the angle with
*individual errors,

] = distance between centres of ground cjrlind:rs (typically 57 or 107)
h= height of the gauge blocks . - :
g = the angle of the plate

o- )

Fig. (6) Sine bar
Gauge biocks can provide lengths 6n1y in smnall steps and it may not possible tovbuild
: { for a given angle and we use a dial indicator

a gauge pile to the exact height required fo. : 2 :
to make sure that we are at the exact height. The error 1s small but its magmﬂfdﬂv |

_depends on the step change of gauge block set. _ ' - .
To insure that the compound angle' error is not introduced, the axis of the work st
always be parallel to the axis of the sine bar. e !

T - - e } k(- Y \ ;S‘
: / ‘v
PROCEDURE: . ' >‘ §

. : ¢
First of all clean the component and remove the burrs if there is any, also makf; igc
11O

. that the surface plate is nice and clean. In order to avoid compound angle ¢

! must be taken in aligning the work piece with the sine bar axis. face of
.

_Set-up the sine bar and work piece as shown up in fig. (6), so that the upper Surt2 B
the work piece is approximately paralle] with the table surfaces;Take the 53;.‘:{@{
O )

~ readings along its upper surface with the dial gauge. The readings are | not ¢ Cboth *
increase or decrease the gauge block height until the DTI has same readings at ¥ !
ends. . :
Finally add the gauge block increments to work out the value of h..
CALCULATIONS:

followiré

19 /
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Accumﬁated gauge block error -ﬁ—om calibration certificate +0.00001 mm

- par cylinders center distance error —0.00005 mm.

Sme

DISCUSSION:

DISCUDDIIE

Discuss the personal skills required, overall time taken in measurement ?{ﬂd suggest
whether you would use the sine bar for one component or on a production Iine.

N e ~ye

Fig. (7) The specimen

RESULTS: et (S)

. Angle 3 Angle 2 Angle 1 Accuracy
ot used deg | min |sec [deg [min |sec |deg | min |sec | min |sec
Plate Protractor = B

Zkg ot ) ) A )F
Vemier Protractor 50 | o oty |5 2 ;\‘ &
Cli]’lornet : o —p 7t
3 4d |26 |3
Sine Bar
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Measummentlab: EXP#2 The Resistance Temperature Detector (RTD) CHARACTERISTIC

- The Resistance Temperature Detector (R ™) |
| L. \
* Characteristics \

N RO R y\o=

Objectives: SV e w2

1. To know what is an RTD.
2. To know how to convert the RTD resistance reading to temperature.
3. To understand the characteristics of the RTD.

Introduction:

RTDs or Resistance Temperature Detectors, are electrical resistors that change
resistance as temperature changes, with all common types of RTD, the resistance
increases as temperature increases, this is referred to as Positive Temperature coefficient
PTC.

RTD's are manufactured using several different materials as the sensing element. The
most common by far is the Platinum RTD. Platinum is used for several different rcasons
including high temperature rating, ‘very stable, and very repeatable. Other materials used
to make RTD's are nickel, copper, and nickel-iron. These materials are becoming less
common now, because the cost of platinum RTD's is coming down.

RTDs are constructed using one of two different manufacturing configurations, Wire-
wound RTDs are created by winding a thin wire into a coil. A more common
configuration is'the thin-film clement, which consists of a very thin layer of metal laid
out on a plastic or ceramic substrate. Thin-film elements are cheaper and more widely
available becausc they can achieve higher nominal resistances with 1css.ph\t1num. To
protect the RTD, a metal sheath encloses the RTD element and the lead wires connected

to it.

ceramic substrole

metal film

Flim RTD Construction

\

(1):RTD Constructions

Figure
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CHARACTERISTIC
Measurement lab: EXP#2 The Resistance Temperature Detector (RTD)

They are popular because of their stability; RTDs exhibit the most :;::ea; signal with
respect to temperature of any electronic temperature sensor. HOV\./CVCr, . y r; gen'erally
more expensive than alternatives because of the careful construction an ‘use of platinum, |
RTDs are also characterized by a slow response time and l.ow sensitivity, and, because
they require current excitation, they can be prone to self-heating.

Theory:

RTDs are commonly categorized by their nominal resistance at 0 °C. Typical nominal
resistance values for platinum thin-film RTDs include 100 and 1000 Q. In TMT a PT100
RTD is used.

In order to measure temperature with the RTD, you 6nly need to measure the resistance
of the RTD, and then substitute the resistance value in the following equation

2
7= il 5
- —05(R.A+RZA?—4R,B(R, — R))
Where :
'ﬁﬁ\1

/

T : Calculated temperatur, {inffQ)
R, : RTD nominal resistance qt g*"g"/Ro= 100

R : Measured resistance (Q). ' o Q/
A =3.90802%10° -

B =-5.80195x107

The above equation will give you the temperature °C. Th )
from one type of RTD to another. - Hhevalue ofR,, A & B diff:
iffers
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Measurement lab: EXP#2 The Resistance Temperature Detector (RTD) CHARACTERISTIC

Experiment Procedure:

1. Refer to running procedure in Ther

r mocouple Experiment.
2. Choose Experiment 2: “RTD Characteristics”,

BRI Characteristics

e e e it e e i,

TMTOO1 Exp.2 RTD Characteristics

Figure (2): RTD Characteristics Experiment.

3. Study the front panel carefully and observe the buttons on the screen.

4. Turn the Heater ON by pressing ON the Heater Switch on the screen (Heating
Mode).

5. Start taking readings by pressing [Read] button over different temperature values.
6. The acquired readings appear on the Temperature-Resistance graph as red points.

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

B L TR
---------------------------

ssssserenssarsrrnssasetany
NsessscssssasserinsTIs IOy LR R
sesenanen
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or (RTD) CHARACTERISTIC

petect
Measurement lab: EXP#2 The Resistance Temperaturé

itch on the screen.
ssing OFF the Heater Swi

8. Tum the Heater OFF by pre
n Switch on the scr

n (Cooling Mode).
ON by pressing ON the Fa cen ( )
ing [Read] button on d
pcraturc—Rcsistancc g

9. Turn the Fan
ifferent temperature values.

10. Start taking readings by press
raph as white

11. The acquired reading appears on the Tem
points.

.......................................
---------

snssee
essesscsceer?
ebsessenneve’
eeesssssssnenesessant e

................
.............
-----------

...........
-------------------------------------
...........................................
------

-----------
---------------------------------------

wer the following questions:

13. Notice the Temperaturc vs. Resistance curve and ans

14. 1 Is the curve linear?
a) Yes
b) No
» window describe the curve on the

14. 2 Does the RTD equation in the “Theory .
swer is “No”, what is the difference

Temperature-Resistance graph? If your an

----------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

15. ChoosF one of the readings taken before from the Readings Table and write
down its Resistance () and Temperature (°C) readings:

15. 1 Current Resistance (€2) ....c...oevvunniienvinnnnnnn
15. 2 Current temperature (°C)......ceeeeeevererenvenns
llg 3 ApPly the current resistance in the RTD equation |
- 4 Write down the Calculated temperatute (°C)............... |
15.5 Compare the calculated temperature with the current tempcr'z'l't.ure. |
Conclusions
e Ayyp—

2. .'.::::::::::::::::::::::::u.n..u.-..".n.........--o-----..-..................-- ................

3. ."::::::::::::::::::: ------- LR R L AP, Secreevesenans ....:::::::::::::::::::::: ::::

, et AR

secssssnay
*eevenvnne
sesssenen
ssssesense
.
M R R R T
®sessssas "
*eevcenvene o
sessssensertt

A T A . e “es ® SXpte
srecsane
veu ol
L R R R R, .
Ceeaen
AR RS
“sies saan e
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Measurementlab: EXP#3 THERMISTOR CHARACTERISTIC

Thermis

pnae—————=

tor characteristics

Objectives:

1. Toknow what is a Thermistor.

2. To know how to convert the Thermistor resistance reading to temperature.
3. To understand the characteristics of the Thermistor.

Introduftion:

Thermistors, like RTDs, are thermally sensitive semiconductors whose resistance varies
with temperature. Thermistors are manufactured from metal oxide semiconductor

material encapsulated in a glass or epoxy bead. Also, thermistors typically have much

higher nominal resistance values than RTDs (anywhere from 2,000 to 10,000 ) and can
be used for lower currents.

Each sensor has a designated nominal resistance that varies proportionally with

temperature according to a linearized approximation. Thermistors have either a negative

temperature coefficient (NTC) or a positive temp

erature coefficient (PTC). The first,
more common, has a resistance that decreases wi

th increasing temperature while the
latter exhibits increased resistance with increasing temperature.

Thermistors typically have a very high sensitivity (~200 ©/°C), making them extremely

responsive to changes in temperature. Though they exhibit a fast response rate,
thermistors are limited for use up to the 300 °C temperature range. This, along with their

high nominal resistance, helps to provide precise measurements in lower-temperature
d ]

applications. In TMT001 we use an NTC thermistor which has a temperature ré:nge from
13-85°C,
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Measurement lab: EXPH3 THERMISTOR CHARACTERIST 1

Theory:

. to measure the
tor,. you only need
the therm® e value in the following

rature with f
bstitute the resistanc

In order to measure tempe
resistance of the thermistor, and then sU

equation
1
==
T =3 b@nR) + c(nR)?
Where : TR
\

T » Calculated temperature in &

R: Measured resistance in (Q)

a bandcare Steinhart-Hart Constants that
a = 1.2407635*10°

b =2.3612017*10"

¢ =8.97975*10°

have the following values

From the above equation you will get the temperature in Kelvin. The value ofa,band ¢
differs from one type of to another. :
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Measurement lab: EXP#3 THERMISTOR CHARACTERISTIC

| Experiment Procedure:

1. Refer to running procedure in Thermocouple Experiment.
2. Choose Experiment 3: “Thermistor Characteristics”.

= ™

N8 o810
NITR 6058, 4142
NBI4% 6049.00%0
) S042. 1790

- -I.-

[

Figure (1): Thermistor Characteristics Experiment

3. Study the front panel carefully and observe the buttons on the screen.

4. Tumn the Heater ON by pressing ON the Heater Switch on the screen (Heating

Mode).

5. Start taking readings by pressing [Read] button over different temperature values.

6. The acquired readings appear on the Temperature-Resistance graph as red points.

7. Compare the read temperature with the temperature of the glass thermometer. Is

it the same temperature? Why?
3 TJrlﬂl;HeatcrOFFby prcssr.g OFF the Heater Switch on the screcn.

3 th.: Tirn tlio FanON:DY pf.‘-.SISM'l};.-ON:E..C Far Syifeli 0.y the'stizen ( Suol g Modé),

Uy
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Measurement lab: EXP#3 THERMISTOR CHARACTERIST

. temperature values,
10. Start taking readings by pressing [Read] button on different temp

) ‘stance h as white
11. The acquired reading appears on the Temperaturc—RBSIStan grap

points. :

12\ Is the cool

........
---------
............................
----------
-------
........
-----------------------
-----------

..........................................................

seee

--------

esessssssseses cesssassnesseres PR R
cesne vever
esesesene ese
s .

13. Notice the Temperature Vs.

14. 1 Is the curve linear?
a) Yes
b) No
the “Theory” window describe the curve on

14. 2 Does the Thermistor e uation in .
: h? If your answer is “No”, what is the

the Temperature-Resistance grap
difference and why?

sees .
-----------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

@ hoose one of the readings taken before from the Readings Table and write
_/ down its Resistance (2) and Temperature (°C) readings:

15. 1 Current Resistance () ....cceevuerenrueniarneannne

15. 2 Current temperature (°C).......cccueeeeneennnnnn.
15. 3 Apply the current resistance in the Thermistor equation

15. 4 Write down the Calculated temperature (°C)......................
15.5 Compare the calculated temperature with the current temperature.

_

Conclusions

-------------------
-------------
cee
----------------------------
-----------
------
..................................
------------
--------
-------------------------
...........
-----------------------

........-o-o.o----o--.oo--------o------n---o------n-o-o--n----o-o------oo------ol!l sese
. ssecse

----------
---------
--------
---------
--------------------
----------
----------------------

..........
........
..........
.........
see
...........................
........
.....................................
........................
..........
..........

........
.
-------------------------------
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Measurement lab: THERMOMETERS COPMARISON

Thermometers Comparison

[ntroduction:

As mentioned before, temperature is one of the most important phenomena that needed to
b measured in real life applications; consequently there are more than 20 different types
of thermometers these days. These thermometers have different specifications, such as
measuring method, temperature range, linearity, stability, repeatability, accuracy and
response time...etc.

Thermocouples, RTDs and Thermistors, are the most common thermometers in real life
applications. Engineer chooses the suitable thermometer according to the specification of
the application. In this experiment, you will be able to compare the behavior and the
characteristics of these thermometers.

Experiment Procedure:

1. Refer to running procedure in Thermocouple Experiment.
2. Choose Experiment 4:” Thermometers Comparison”.

P 1hermameters Comparisen

’_J’/
TMTO01 Exp.4 Thermometers Comparison

rad
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Measurement lab: THERMOMETERS COPMARIS
ons on the screen.

and observe the butt
n the screen (Heating

3. Study the front panel carefully
e Heater Switch 0

4. Tumn the Heater ON by pressing ON th
Mode).

5. Start taking readings by pressing

[Read] button over different temperature values.

perature-Resistance graph as red

rature of the glass

points.

The acquired readings appear on the Tem

7. Compare the read temperature values with the tempe

thermometer.
compared to the glass thermometer

8. Which thermometer has the closest readings
readings:

a) Thermocouple
b) RTD
¢) Thermistor

9. Turn the Heater OFF by pressing OFF the Heater Switch on the screen.

10. Turn the Fan ON by pressing ON the Fan Switch on the screen (Cooling Mode).

11. Start taking readings by pressing [Read] button on different temperature values.

12. The acqmred readings appear on the Temperature-Voltage (or Resistance) graph
as white points.

13. Are the cooling curves of the thermometers the same as the heating curves? Why?

-----------------
-------------------
--------------
---------------
-------------

--------------------

.................
---------------
-------------
------------
------------
------------------
...........

----------------
-------------
--------------
----------
-------------
------------
---------------------

P
"@’;Notice the Temperature-
= pe Voltage (or Resistan
Tim ce) curves and th -
€ curves (on the Trends tab) and answer the following quezt}:fg? erature

(12
14,1 Which one of th
% ¢ thermometers has the fastest response time?
a) Thermocouple
b)RTD

¢) Thermistor

: i .) Mocoulglc S
< BRID
~ ©) Themmistor
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CTERISTICS

Measurement lab: EXPH1 THERMOCOUPLE CHARA
'l Thermoconple Cch aracteristics
e — e -
Objectives:
- le voltage readings 10 temperature.

1. To know what isaTh

2. To know how to conve
3. To understand the characteris

rt the thermocoup
tics of the thermocouple.

Introduction:
etals touch and the contact

tion of temperaturc. This
fter Thomas Seebeck,

is created whenever two dissimilar m

mall open-circuit yoltage as a func
the Seebeck voltage, named a

‘ Thermocouple (T C)
\ ' point produces 3 s
8 thermoelectric voltage is known as

who discovered it in 1821.
ars for a variety of reasons.

The TC has been the popular choice over the ye
Thermocouples are relatively inexpensive and can be produced in a variety of sizes and

i

S shapes. They can be of rugged construction, can cover 2 wide temperature range.
However, TCs produce a very small microvolt output per degree change in temperature
that is very sensitive to environmental influences. )

ar metals may produce a TC, However, there are
have calibration tables and assigned letter-

designations which are recognized worldwide, Such as, J-type (Iron / Constantan), K-type
iz (Chromel / Alumel), E-type (Chromel / Constantan), N-type (Nicrosil / Nisil)’ B-type
Fe (Platinum / Rhodium), R-type (Platinum / Rhodium) and S-type (Platinum / Rhod,ium) In
order to select the suitable TC for an application, sensitivity and temperature ran e
should be taken into consideration, because each one of these thermocoupl:s has diﬂ'cregnt

As Mentioned above any two dissimil
some standard thermocouples which

temperature range and sensitivity.

In the experi
°XP°'?’:;’KZ?[:;? txoo{hgpznt:eir;n C";"c‘l;ples',thare used. The first one is used for the
temperature of the hot plate. with temperature controller to contcol the
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Measurement lab: EXP#1 THERMOCOUPLE CHARACTERISTICS

Theory:

To measure a thermocouple Seebeck voltage, you cannot simply connect the
thermocouple to a voltmeter or other measurement system, because connecting .the
thermocouple wires to the measurement system creates additional thermoelectric circuits.

3

D d
To DAQ Boa! 20 J1

Ceonstantan
Iron

o

Figure (1): Thermocouple connection

Consider the circuit illustrated in Figure 1, in which a J-type thermocouple is in a candle
flame that has a temperature you want to measure. The two thermocouple wires are
connected to the copper leads of the measurement device. Notice that the circuit contains
three dissimilar metal junctions J1, J2, and J3. J1, the thermocouple junction, generates a
Seebeck voltage proportional to the temperature of the candle flame. J2 and J3 each have
their own Seebeck coefficient and generate their own thermoelectric voltage 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
unwanted 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 compensatiori;'rliy 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 measures 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 J3.

According to the Thermocouple Law of Intermediate Metals, illustrated in Figute 2,
irserting any type of wire into a thermocouple circuit has no effect on the output as long
as both ends of that wire are the same temperature, or isothermal.
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7 CTERISTICS
Measurement lab: EXP#1 THERMOCOUPLE CHARA

jetnl C
Metal A Mewal C Melsl A Melnl B

—

M'—n‘-‘

|sothermal
Reglon

Figure (2): Thermocouple Law Intermediate Metals.

i eircuit is simi iously described circuit
i circuit in Figure 3. This circuit is similar to tl'le previous bed ¢

gxogxsglgi; tll:ebut a short lcgugﬂ] of constantan wire has been inserted Jtust befgrses ilrlnnicntlmzhlai
and the junctions are assumed to be held at identical temperatures. e ged h
junctions J3 and J4 are the same temperature, the Th.ermocoup.le Law o : ermediate
Metals indicates that the circuit in Figure 3 is clcctngall_y egulvalent 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.

N

$VIE- +VII-

junctions cancel each other,
Junctions J1 and J3 are
temperatures because

contribution to the me i

both iren. Son L asured voltage is zero.
oth iron constantan junctions, but may be at different
share an isothermal reg;

TN
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ement lab: EXPF1 THERMOCOUPLE CHARACTERISTICS
s

griment Procedure:
{, Run the TMT001 Software.

2. Ascreen named “Welcome to TMT001” will appear, containing thres buttons
[Information], [Run the Experiments] and [Quit].

3. The “Welcome screen” is shown in the figure below:

Temprature Measurement Trainer

Figure (4): Welcome Screen.

4. Press the [Information] button to go to the Information screen.
5. The “Information Screen” is shown in the figure below:
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Measu

6. Fill in the fields
confirmation messag
you have entered,

% N

rement lab: EXPH1

Press [Run the Experiments] butto
The “Experiments Screen
experiments;
Thermistor

Figure (5

Accept] button and a

¢ will appear asking you to press [Accept] the information
or [Cancel] if you need to go back to change anything. Pressing
back to the “Welcome Screen”.
n to go to the «Experiments screen”.

» i5 shown in the figure 6, containing four
RTD Characteristics,

with your information,

will let you go

Thermocouple Characteristics,

Characteristics and Thermometers Comparison.
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entlabs EXP¥1 THERMOCOUPLE CHARACTERISTICS

hoose Experiment 1: “Thermocouple Characteristjcs”
lb. gtudy the front panel carefully and observe the buttons on'the screen

-
o=
3 =

: .../j

-,

Figure (7): Thermocouple Characteristics Screen.

1) Current Date and Time Indicator.

2) Read Button: To read and plot the current temperature and voltage (resistance) of
the current thermometer (here it is the Thermocouple). '

3) Fan Switch: To turn the Fan ON or OFF.

4) Heater Switch: To tum the Heater ON or OFF. %

5) Thermometer Temperature ("C): Displays the current tcmperat%p of the
current thermometer. *

6) Thermometer Voltage (Resistance):
the current thermometer.

7) Readings Table: Displays the curren
readings taken each time the [Read] button is pressed. ‘ _

%) Phase Plot: Contains the Temperature ys. Voltage (Rcslstan?c) graph W'h'l'Ch
displays the readings. that have been taken by-the Ufef . Each point fCP:fC.mS n*C’S
Thermometsr Temperature (%) with its corrqspondmg Voltage (V) or Resista
(Ohm),

G, ¢

Displays the current voltage (resistance) of

t Temperature and Voltage (resistance)

Scanned by CamScanner



CHARA
Measurement lab: EXP#1 THERMOCOUPLE
: aph which displays the
Trend Contains the Temperature ys. Time & P
9) Time Tren
) fempers proft o 1:1“":;::1 ;;:sc Plot graph. il b d in th
tton: To clear t wi e saved in the
10) Clear CharttBt;; ot To saVe @ report, the repo
r ° .
L il Trainer Files” folder on the desktop | be L ted using your
e report wi p

«Temperature
ceport, th
12)Print Report Bu P

default printer.
13) Help Window: Displays the p

14) Theory Window: Displays th
current experiment

15) Status Bar: Displays the curreft
i i ooling). .
operating mode (Heauing or Cooling) o the R

16) Quit Button: To quit from this experiment and re

window.

tton: To print a
ed to carry out the experiment
f the thermometer of the

istance) to temperature).

ON the Heater Switch on the screen (Heating

11. Turn the Heater ON by pressing
n different temperature values.

e-Voltage graph as red points.
Is

Mode).
12. Start taking readings by pressing [Read] button 0
the Temperatur

13. The acquired readings appear on
14. Compare the read temperaturc with the temperature of the glass thermometer.
it the same temperature? Why?

---------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

15. Turn the Heater OFF by pressing OFF the Heater Switch on the
: screen.
ig ;‘;:11 tt:l:ixl:mrleng by pressing ON the Fan Switch on the screen (Cooling Mode).
I thafthe ;ng:&pxpg [Read] button over different temperature values.
white points. “q ing appears on the Temperature-Voltage graph as
19. Is the cooling curve the same as the heating curve? Why?

s00psacescssssceren

20. In order to save th i
e readings you have taken, press [Save Report] button, your

report will be saved :
Files. . on your desktop in a folder named Temperature Trainer

21. To print the report, press [Print Report] button
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cs the therm
rve on the Tem
is the difference and why?

----------------------------
e

f the readings taken befo
ge (V) and Temperature (°C) readings:

23.1 Current Voltage (V)

mperature ((C).reeeneeserreeees e ‘
232 Curteh gkt ! le equation below \

23.3 Apply the curre

Where: T : Calcul
V : Therm

Write down the
i the ca

hart] button if yol\:

nt lab: EXPHL THERM

0COUPLE CHARACTERISTICS
m
M
4 cethe Temperature vs. Voltage curve and answer the following questions:
22
2 I

urve lincar?

ocouple cequation in the “Theory” window describe the
perature vs. Voltage graph? If your answer is “No”, what

-----------------------------------------------------------

...........................................................

------------------
---------
ooooooo

re from the Readings Table and write

o\

-----------------------------

NN

jtage in the thermocoup
-7 + V3(1.036969 * 1071) )

nt vo

y2 (—2.001204 = 10

| _y(o78425+107) + ;
{ X(V*(—2.549687 .10716) + V°(3.585153 ~ 107)

~26y 4 V7(5.099890 10731

ocouple voltage in micro
Calculated temperature O T
jculated temperatur with the

return to the

el
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Xparimenfal measurements, the student wi

Gbjectives. | ‘_ )
Upfm-. completion of this study and the avaluation ar €
cor |
& ?b!%;eaécﬁba how strain gauge devices aré used fyq.r me_agyremepts, » |
. Descjibe the typ of circtiitry used in po;h:n‘é_{:glng _s,frain-.ga_ugg tr.gn_s 1ucers_,
- Describe how a sfrain gauge should be physically attached to objects.
",\pl.‘ML(A“ JM@L’J R
introduction / .
ess and strain distribution at real

ndisperisablé part of experimental

Strain gauges pefmit simplé and rel
or construction- (scales,

jable determination of str.
components undet load, The stx“aiﬁ‘—gaug_er'technique" is thus an indispensa
stress_analysis. Widespread use is also. made of strain gauges in sens
dynamometers and pressure gauges, torque meters).

All test objects are provided with & full-bridge circuit and are ready wired. A Perspex cover

protects the element whilst giving a clear. view.
The test bbjects areé inserted in a frame and Idaded with weights.

The measuring amplifler has a large bright gigitai LED .display. which is still easy to read from a
. distance. The unit is thus also eminently suited to demanstration experiments.

2 Unit description

A
A
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The loading

»

frame i T
objects. V_a_riousah‘oligerrr;a?% 9f light-alloy sections. ang serves ia a
these hoj ders fo be fzdi'ck!y a_nzr:aattached to the: frame: for this pu

ccommodate: the different test

il s 0 the: fra rpose. Clamping [ev 2’
The training System ig Provided witsﬁliufgcd\{ed I the grooves of the- o ot e

- Small set of weights (2)

ine g frame and fixed in position.
erent sets of weights for loading the test objects,

——

1-6N, 9raduations 0.5 . for Een’din‘g expsriments

2.2 Test objects -
.! 2
(v Grp_ .
g = = B D
% o
Bending beam 3
2.2.1 Bending beam

The test object used for bending experiments is a clamped steel cantilever beam (4.
| -Length L: 385 mm
| ~Cross section Area”

.

| h=4.75 mm \

: . b=19.75 mm

| ~Modulus of elastigity E: 210000 N/mmz2 iha pol
ched in the-vicinity of the clamping poin.

/" ' . v
T : (full-bridge circuit) is aita : . The strain-
E*;z‘:;’ga"@ ,e'e’.“%“‘ w27y o‘f’ ?’3335’ pcf:a a?m' a 5-pin socket (T? f';?;;fgﬁfea; ‘%‘;‘o‘m: iha
 connection is by wa = . jacent diagram. The eiement IS | t defined
he adjacent GIe . gingle force at definsa
gi?sg:e: %g?:%%aﬂ?t{? c%?uggbfj o o (3) it hook peitsfoading ih 2
i E a _
‘e_\’er-ann, g. An .

e —
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2.3 Measuring amplifier

. i irect indication of the

The measuring amplifier with digital 4-position LED display (1) G2 bilggced by Way of a tefl
bridge unbalance in mV/V. The connected strain-gauge bridge ¢ 3

tum potentiometer (2).

- Range: +2.000 mV/V

- Resolution: 1 pV/.

- Balancing range; +.1.0 mV/V.
" - Nominal strain-gauge resistance: 350 Q

- Strain-gauge feed voltage : 10V

- Power supply: 230V / 50Hz .

The unit is envisaged for the connection of strain gauge full bridges. The test objects arg

connected by way of the cable (4) supplied to the 7-pin input socket (3) on the front.

3 Experiments

3\./1 Principle ?’f strdin-gauge technique :
hen dimensioning components, the loads to be expected are generall i '
Ne r ' y calculated in advance
. within the scope of design work and the components then dimensioned accordingly. It is often of -

. interest to compare the loads subsequently encountered i ; et v
Precise knowledge of the actual load is aly ed in operation to the design forecasts.

unexpected component failure, The mech

——

50 of great importance for establishing the cause: of -'
anical stress is a measure of the load and a factor

Foigd Backing fiim |
-type strain -

. a
The use of the strain (greaﬂy’enlarg%dl;ge

restriction, With metalle tr;n stress js generally found at

change in the e asi '
ectrical resistance of the sft’;?r!\lenﬂy em
ed thin

| at the surface of 1% |
 this does not represent 2 |
Ployed, use is mads of ¢ |
metal strip or metal wire. 7€
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change i

resfstivnyn‘ resistance is the combinaticn of tapsring of the cross-sectional area and a change i the

rSsistanc: Strain produces an increase in resistance. To achiave the. greatest possible wira
strain 11Cs. With small dimensions, it is configured as a grid. The ratio of change: in resistance to
'S designateq K
AR/
kk=—oRO
€ I straip ' _ &
Ro: Tesistance

. ) _Ce at zarg
AR : chah | rears O Point ( no force) O
alt fesistance after applying force Q
. Strain gauges i
. strain Qauge: m,tgda Jarge k-factor are more sensitive than those with a smalil one. The constantan
| change in.reslstance 'ave a k-factor of 2.05. In order to be able to assess the extremely small

. : . + ON& or my; i ' i tst bridge, which
| is supplied with g regulateq Dct:,r;é;rzl?gla)uges are combined to form a Wheatstone bridge, whic

T.+V Amplifier

Strain =
; o~ O
J u Dispﬁﬁ;
Strains
.Straih & q8auge I v
Configuration of half bridge Halve-bridge circuit

on component

The_bridge may be fully (full bridge) or only partially: (half and quarter bridge) configured with active
stein gauges. The resistors. R required.to corplete the bridge are called complementary resistors.
{ e output voltage of the bridge reacts very sensitively to changes in resistance in the bridge
A branches, The voltage differences occurring are then amplified in differential amplifiers and

1 displayeq,

] m"’%iqn of a strain gauge is shown In the adjacent illustration. The wave-form metal strips are
j Tofoiona backing material, e.g. a thin. elastic polyimide film and covered with a protective film.
4 2%8Y's mista) strip$ are usually produced by etching from a thin metal foil (foil-type strain gauges).
eeling wires are often welded directly to the strain gauge.

-‘: &@‘"ﬁ“mge Is bonded to the component with -a special adhesive, which-must provide loss-
& MIsSIon of the component strain to the strain gauge.
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o TN A ., -

~ e

s

e e

=5

e ' a yam 2-“,%.’1‘ ierment
dhesv Adhesive e g1
<
= N Backing film
!,:%:\suremeﬂl N ‘\\\ N
’ Componeri
Design of strain gouge
3.3 Behding expériment
Mo
/ Tl ‘_-/_.—-—
L
A L -
- =
l snt Mb and
3.3.1 Fundamentals culated from the bending momen
he beam can be calcu
The stress at the surface of the bending
| the section modulys Wy o

/7 W

Bending moment calculated for cantilever beam
e ' Mow —F - L.

4 L (e dletarice between the point at which the load is introduced and tha

|s the load an ' !
. :girseufement point, The section modulus for tha rectangular cross section of width b and height h
¥ &
bh?
Wy=—
¥ =2

For gkperlmental determlnation of the bending stresses, the bending beam Is provided v{z'th m
strain gauges each on the compression and tension sides. The strain gauges of each side ¥°

/ amrdnged diagonally in the bridge circuit. This leads to summation of all changes in resistance ond

a high level of sensitivity. The output signal UA of the measuring bridge is referenced to the ¢
voltage UE. The sensitivity k of the strain gauge enables the strain € to be calculated for the I
bridge as follows ,

1 U

£= —,

./ k U‘.

Accordirig to Hooke's law the stress being so ht i t |agucir/E
odulus of elsstiey for steel: 210000 Nimma) o Wt the modulus of @

o‘l c:t'E
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3.3.2 Performance of axpariment

- Fit bénding beam in frame &5

shown using halder with two pins.

- Canneact

up and switch on
. measuring instrument.

- Set slider-to distance of 250 mm.'

- Use offset adjuster to balance

display.

- Load beam with small set of

welghts.

Inctease load in sieps and note

down readirig.

Bending.beam

Bending expanment lever acm 250 mm

Loadin N

O

1

fhbiderady) -

3 4.5

Reading

0

~o0.o3u |

PR

MmVAY. 1cr3

Discussion :

1. Plot the measurementtesultsina graph.
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4

P

Py P PP B Py =

T 7 . |
I AN : o -
: J' _ - - -3

a"hi:*_::i‘j;a;modﬁu D;W steaofz,moo WmWnges_m o
f c:=i= e e e NI L B
3 s-am’ouw 21@115_ w et = . " : — '3

Vg, caxc;mmestrgs:sandsiram ) _ -

; e. sty alculated one.
4. Find tid siope dﬁn;rg‘p?\a:f?doompm the valis with cafyled .O ’

ample: ' 0.227A0° . The
The stress Is now f9 be detemined for a load of 6.5 N whers the reading was .20 157 The
foilowing results for the strain

—

~<QRUOMO7. B A

--_‘.

- The iadsursd stresis ﬁhanmmmuﬁfnaw :
- The section médutus for the rectangular cross: sectum i8. w,£74 26 mms. -

Tite calculation pfbdm_:eg‘:the following stiess

Q.=— - . . o~ — -

Wy . . -
=-6.5250/74.26 = -21 BSNII'T\TI‘Iz
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