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SINE BAR & ANGULAR MEASURMENTS

OBJECTIVES:

To familiarize student with the use of bevel protractor, vernier protractor, clinometer
and sine bar for measuring angles, -

APPARATUS:
1) Plain bevel protractor.
2) Vermnier protractor.
3) Clinometer.
4) Sine bar.
5) Block gauges.
6) Specimen A & B.
7) Granite plate.

THEOQRY:

Bevel Protractor: _

When two surfaces are at any angle other than 90°, the angle between 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
be set to the angle before use. And the Bevel Protractor fig. (1) is an example of this
second variety of gauges, and must be set to the correct angle before use.

Fig. (1) bevel protractor

The Plain Bevel Protractor:

Consists mainly from main scale, movable arm and fixed nut, see fig(2). Its main
. scale is divided into 180 division, each division equals 1°, thus accuracy =+0.5° and
- total revolution can be measured = 180°,
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'Fig. (2) Plain bevel protractor

Vernier Protractor:

The main scale of this device is divided up
vernier scale is divided up to that 12 of its
on the main scale, thus 1 vernier division
instrument therefore allows settings to 5 min 0
get accurate readings. This device has a movable arm,

into degrees from 0 to 90° each way. The
division occupying the same space as 23°
—73/12= 1.92 degree on main scale. The
f angle to be obtained, so we use it to
plate blade, fixed nut and

vernier scale, see fig. (3).

Fig. (3) Vernier protractor

Reading the vernier protractor:

1- Read of directly from the scale the number of whole degrees between 0 on the

2-

main scale and 0 on the vernier scale.
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. As each
division on the vemier scale represents 5', the number of these divisions
multiplied 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 vernier representing 30 minutes is level. The

reading is therefore 85° 30".
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Reading the clinometer:

1- Measure the angle y of the component provided with the plate and the vernier
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 tumning the degrees graduated wheel:
a. Finer adjustment is made with the knurled micrometer knob.
b. Note the readings in degrees and minutes.

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

B P Ll R R

Sine Bar:

The bar is essentially a hardened steel beam mounted on two hardened cylinders. The
high degree of accuracy and precision available for length measurement 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 stack, a right angle triangle is

available from which an applied rate value of the angle can be calculated, using the
Trigonometrically ratio.

.. * ___ Thus,whenf= angle to be measured then

: sinf=———————"—
1 Hypotenuse
; See fig.(6), you can see that sinf=h/l

dH dL
So, probable error =df = i[? +—L—)tan9

U
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i
% surface plate
ned and ground cylinders
f 1= distance between centres of ground cylinders (typically 5 or 107)
h= height of the gauge blocks
( & = the angle of the plate

- wafl)

Fig. (6) Sine bar

Gauge blocks can provide lengths only in small steps and it may not possible to build
a gauge pile to the exact height required for a given angle and we use a dial indicator
to make sure that we are at the exact height. The error is small but its magnitude
depends on the step change of gauge block set.

To insure that the compound angle error is not introduced, the axis of the work must
always be parallel to the axis of the sine bar. ’

PROCEDURE:

First of all clean the component and remove the burrs if there is any, also make sure
that the surface plate is nice and clean. In order to avoid compound angle error care
must be taken in aligning the work piece with the sine bar axis.

Set up the sine bar and work piece as shown up in fig. (6), so that the upper surface of
the work piece s approximately paralle]l with the table surface. Take the series of
readings along its upper surface with the dial gauge. The readings are not constant,

increase or decrease the gauge block height until the DTI has same readings at both
ends.

Finally add the gauge block increments to work out the value of h.

CALCULATIONS:

Caleulate the probable error that can occur in measuring the angle with following
individual errors. :
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c.g. Accumglated gauge block error from calibration certificate +0.00001 mm.
Sine bar cylinders center distance error —0.00005 mm.

DISCUSSION: .

Discuss the personal skills required, overall time taken in measurement and suggest
whether you would use the sine bar for one component or on a production line.
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Fig. (7) The specimen

RESULTS:
-
; Eauipmenfused Angle 3 i Angle 2 . Angle 1 . Ac.:curacy
deg |min [sec |deg |min {sec |deg |min |sec [min |sec
Plate Protractor

Vernier Protractor

Clinometer

Sine Bar
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The University of Jordan ‘
Faculty of Engineering & Technology:
Mechanical Engincering Department

Course Qutline

Course Name: Engineering Measurements lab.

Course Number: 904424

Credit Hours: 1

Semester: Summer Semester 2011-2012

Instructor: Eng.Ahmad Bani yaseen

E-mail: a.baniyaseen(@ju.cdu.jo

Class Schedule: 12:40 — 15:40 Monday, Wednesday, sec: 1
Text Book: Lab. Manual Sheet.

Objectives:

The purpose of this laboratory is to expose the students to the measurement tools and
equipments and to provide them training in using these instruments in order to strengthen
and deepen their understanding of the principles of these subjects.

References:

1. Holman, J. P., Experimental Methods for Engineers. 7th Ed. McGraw-Hill.

2. Doebelin, E. O Measurement Systems: Application and Design. 4th Ed. McGrawHill.
3. Figliola and Beasley, Theory and Design for Mechanical Measurements. 2nd Ed.
Wiley.

4. Beckwith, Buck, and Marangoni, Mechamcal Measurements. 3rd Ed. Addison Wesley.
5. Cheremisinoff, N. P. and Cheremisinoff I’. N., Flow Measurement for Engineers and
Scientists., Marcel Dekker, New York.

7. Jain, Er. R. K., Mechanical and Industrial Measurements. 8th Ed. Khanna Publishers,
Delhi.

8. Dally, J. W., Riley, W. F,, and \’ICCOnncll K. G., Instrumentation for Engmeermg
Measurements, Wiley. .

Remarks:

I. Minimum Student Materials

Lab. Manual, class handouts, engineering calculator.

II. Minimum College Facilities .

Lab. with white board and projection fac111t1es, library; computer facilities.
IIl. Attendance: :

Attendance of classes is obligatory. Absencé must be verified according to the
university’s regulation.
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Grading:
1. Reports 20%

2. Mid Exam 30% : ';)»;S; _}"
3. Quizzes 10% - ’ \p ;,’ \ /?‘ #
4. Final Exam 40% » st

{ -

-

Experiments Schedule

_W_eek Group A ' Group B
02-Mon (18/6/12) Linear measurement Autocollimator
02-Wed (20/6/12) Autocollimator Linear measurement
03- Mon (25/6/12) Strain Gauges Power & Torque
03- Wed (27/6/12) Power & Torque Strain Gauges
04- Mon (2/7/12) Flow measurement RTD & Thermistor
04- Wed (4/7/12) RTD & Thermistor Flow measurement
04- Thu (5/7/12) Mid-term Exam
05- Mon (9/7/12) Thermocouple Block Gauges
05- Wed (11/7/12) Block Gauges Thermocouple
07- Wed (25/7/12) iacn : Final Exam
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1VE:

To familiarize the student with the types, applications of calipers, micrometers & mcasurements,
At the completion of this experiment, the student will be able to:

e Get familiar to the varicty of the lincar measurement tools, and know the type of a measurement tool needed to
achicve a certain measurement.

e Students will scck more efficient means of measure,
®  Take lincar measurements with a certain accuracy depending on the instrument being used
e Clean, care for and store calipers, micrometers and dial indicators.

APPARATUS:
2) Vemnier caliper
b) Dial caliper

c) External micrometer
d) 2-point inside micrometer

L. Calipers:,
- General definition of a caliper:

1. An instrument consisting essentially of two curved hinged legs, used to measure thickness and distances. Often used in the
plural, —_

2. A large instrument having a fixed and a movable atm on a graduated stock, used for measuring the diameters of logs and
similar objects. m—

3. A vemier caliper.

Yoii
General specifications & functions of a caliper:

Al Sta\nl& Steel construction
®  Used to measure inside dimensions

®  Used to measure outside dimensions e e
) T 7 7@ 7 Used tot measure step dimension - .
®  Convenient thumbscrew to lock a measurement in place
®  Accuracy equation
1 division main scale \ 5
v Accuracy = — , G JEPT Y
no.of divisions on vemier scale 710

Two types of calipers are to be discussed in this éxperiment:
(1.1).The vernier caliper ;

The Vemier Caliper shown in fig. (1.1.1) is a precision instrument that can be used to measure internal and external distances
extremely accurate. o=
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" Fig. (1.1.1); Viemier Caliper . __
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