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Vision and Mission of the Institute

Visici:
To be an institution of repute through multidisciplinary educational approach to

develop the next generation competent technocrats for industry and society.

.
ISS101 2

'MI: | Developing student centric educational practices for curriculum delivery
and aszessment.

[ M2: Imp;ning enlreprentuﬁul and EI“P[D}'EE‘EEU';IEILHE among students through
value-hased and skill-based truining in collaboration with industry and
academia.

"M3: | Inculcating social and professional values among students  through
| awareness and outreach activities, |

| M4: | Providing an environment for innovation and research through various
| interdisciplinary activitics,
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Department of Mechanical Engineering

Vision and Mission of the Department

Vision

To Be a Centre of Repute for Preparing Engineering Students as
Professionals in the Services, Domain Leadership, Research, and Good
Citizens,

E [l. i, 3

<

M1: Developing the continuous improvement process for academic
practices to strengthen the academic base of students.

M2: Developing the research culture through various efforts that can
inspire students for research.

M3: Developing the students for social skills like team building,
leadership and social values.

M4: Upgrading the above activities through communication with internal
and external stakeholders (Students, Parents, Alumni, Emplovers,

A

Dr. R. H. Shinde,
HOM,
Mechanical Engg. Department

Experts, Society people, etc.).
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Department of Mechanical Engineering

Program Outcomes

= . |
PROGRAM OUTCOMES (PMOs) !

Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals. and I
an engineering specialization to the solution of complex engineering problems.

| engineering sciences,

Problem analysis: I:I.v:ﬂlii'g;'. formulate, review research litersture, and amalvze complex engineering
problems reaching substantiated conclusions uwsing first principles of mathematics, natural sciences, and

P 4

=

Design/development of solutions: Design solutions for complex engineering problems and design system
commponents or processes that meet the specified needs with appropriate consideration for the public health
andd safety, and the cultural, societal, and environmental considerations.

Conduct investigations of complex [lrulrl-t_ms.: Uise research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information to
provide valid conclusions.

P 5

Modern tool wsage: Create, select, and apg:-lf.n appmpﬁa.ic technigues, resources, and modern engineering
and 1T wols including prediction and modeling fo complex engineering activities with an understanding of
the limitations.

The engineer a-d';n-éiéy:_Appl;.r regsoning informed by the contextual knowledge to assess societal,
health, safety, legal ond cultural issuis and the consequent responsibifities relevant to the profiessional
ENEINeEring prociice.

PO 7

Environment and sustainability: l-jﬁ.&cr;mnd the impact of the professionnl engineering solutions in
socielal and environmental contexts, and demonstrate the keowledge of, wsd need Tor sustainable
development,

P8

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and nomms of the
engineering praciice.

PO

Individual and team work: Function effectively as on individueal, pnd as o member or leader in divers
femi, and in multidisciplinary seftings.

Po a0

Communication:  Communicate  effectively on complex  engineering  activities  with
the engineering community and with society ot large. such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give asd receive clear
insdructions,

P11

Project mi.ll-gl.'l'-ll.'-li wod Finance: Demonstrate knowhedge and onderstanding of the engingening and
management principles and apply these to ones own work, as a member and leader v a team, 1o manage
projects and in multidisciplinary environmenis.

o2

Life-long lenrning: Recognize the need for, and have the preparation and ahility to engage in independent
and life-long leaming in the broadest context of technological change.
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Department of Mechanical Engineering

Program Specific Outcomes (PSOs)

Graduates will be able to,

PSO 1: Interpret, analyze, and provide solutions to real-life mechanical
engineering and interdisciplinary problems for realistic outcomes.

PSO 2: Apply the knowledge of ethical and management principles
required to work in a team as well as to lead a team,

PSO 3: Respond to the demand of society by engaging in a lifelong
learning approach.

Program Educational Objectives (PEOs)

Graduates will,

PEQ 1: Achieve professional skills by applying their mechanical
engineering expertise and communication in the field of industries or
their own start-ups.

PEO 2: Achieve higher qualifications/skills through further studies.

PEQ 3: Become responsible citizens by contributing significant roles

among society.
{5’*"’

Dir. R. H. Shinde,
HOD,
Mechanical Engg. Depariment
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MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

EXPERIMENT 1: CORIOLIS COMPONENT OF ACCELERATION
Adm:
To study and understand the Coriolis component of acceleration using & hydraulic analogy.
Apparatus:

»  Corolis component of acceleration appratus
« Water
=  Power supply

Theory:

When a point on one link is sliding along another rotating link, such as in quick return motion
mechanism, then the coriolis component of the acceleration must be caleulated. Consider a link
OA and a slider B as shown in Fig. 1 {a). The slider B moves along the link OA. The point C is
the coincident point on the link OA.

Let

o = Anpgular velocity of the link OA at time t sec.
v = Velocity of the slider B along the link OA at time t sec.
w.r = Velocity of the slider B with respect to O {perpendicular to the link OA) at time t sec

{0 + Bea), (v + &v) and (@ + deo) {r + &) = Corresponding values at time (¢ + 6t) seconds
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Fig 1: Corielis component of acceleration
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MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

This tangential component of scceleration of the slider B with respect to the concident point C
on the link is known as coriolis component of scceleration and is always perpendicualr to the
link.

Corielis component of the acceleration of B with respect of C
O = flyiee = 200V

whizri
w = Angular velocity of the link OQA,

v = Velocity of slider B with respect to coincident point C

To maintain this acceleration long enough for measurement to be taken the conventional shder
mechanism is replaced by two streams of water Hlowing radially outward from an inverted (T}
shaped tube, which is rotated abeut vertical axis so that the water is passing along the tube 15

subjected to coriollis component of acceleration.

Hydaulic analogy: consider short column of the filuid of length dr at a distance r from the axis
of rotation of the tube. If the velocity of fluid realvive to the tube is v and the angular velocity of
the tube is o , the coriollis component of the column i% 2 v @ in o direction perpendicular to and
in the plane of rotation of the tube.

Experimental Procedure:

. Check the bypass valve it must be fully open state.

2. Check the position of dimmer-stat, it must be at zero position.

3. Switch on main switch and with the help of dimmerstat increase the speed of motor up to
some certain speed. Now start the water pump and with the help of bypass valve adjust
the water level constant (any level) in the vertical header tube.

4. Take the readings of ammeter and voltmeter for actual torque, rotameter for LPH (liters
per hour) and RPM for speed of the shaft,

5. Mow switch off the water pump and by dimmerstat adjust the speed of the shaft to its
previous value and take the reading on the ammeter and voltmeter for frictional torgoe.

6. Repeat the procedure by varymng the speed of the shafl and take the reading.

CEMSS, CSCOE, CHIL SAMBHAJINAGAR Page |2



MECHANICAL ENGINEERING DEPARTMENT

THEORY OF MACHINES LAB

Dbservations:

F o R e

ammeter and voltmeter,

Observation Table:

Length of rotating arms {Pipe} = 60 mm
Diameter of outlet tube (Pipe) = 8 mm

Pipe cross sectional area = 5.03=10-5 m’

For torque caleulation of the motor take reading of Volatage and Current directly from

5. Mo

Spped (N)
rpmnm

vﬂilll.ﬁ.:‘ﬁ}

volls

Current (1)
Amps

Power (P) | Flow rate

Watts

LPG

Coriollis component
(CA) m/s*

Caleulations;

1.

P=¥xr

P = 60
T =
2r « N

3’1 C'.Jé;ﬂgl_u.ﬂ —

2xgxT
Wxaxi?

4. CApewetical =2 x v ¥ W

Where

I Power (in Watls, W)
V: Voltage {in Volts, V)
I: Current (in Ampercs, A)

CSMSS, CSCOE, CHH. SAMBHAJINAGAR
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MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

T: Torque (in Newton-meters, Nm)

N: Rotational speed {in revolutions per minute, RFM)
g: Accelerabion dus to gravity { 2.8 mss2).

W= Density of water (1000 kg/m3)

a = Pipe cross sectional arex (in m* )

| = Length of Pipe ( mm )

Conclusion:

These two values of coriollis copenent were found to agree reasonably well and perticulary at
kow angular velocitics.,

C5MSS, CECOE, CHHL SAMBHAJINAGAR Fage |4



MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

EXPERIMENT 2: CAM PROFILE ANALYSIS
Adm:

To study cam profile using graphical method by drawing follower displacement vs angle of cam

rotafion curve
Apparatus:

=  Motorised Cam analysis appratus
«  Dial gaude

Theory:

A cam is a rotating machine element which gives reciprocating or oscillating motion 0 another
element known as follower. The cam and the follower have a line contact and constitute a higher
pair. The cams are usually rotated at uniform speed by a shaft, but the follower motion is pre
determined and will be according to the shape of the ¢cam. Figure 1 shows different follower

types as per surface in contact with cam.

il Flat
. Hnite edge Al ..r- ] .
bt
= =7
1
'I
I:",_
Carmi
(o) Carm winth ke iy Cam with rodler [.-;| O wach 1o
cdga fullowern ERLIRERTY Facod Follower
=] ridal Tacad 3
_r_ﬂq?ha - el hin;:_—-hi-:-.?
ib
7| || Spherical faced || Z=
ani r,ﬂf-a L e
- P +“- Carm {T:BI
B L€
: L._.nrrsnt
i) Conm with aphecical ) Cam with splcrical 00 Carm v-|lll ol Tact
faced Tollowar fnced Follower, folluwer,

Fig 1: Types of Followers
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MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

1. Knife edge follower: When the contacting end of the follower has a sharp knife edge, it is
called a knife edge follower, as shown in Fig. | {a). The sliding motion takes place between the
comacting surfaces (i.c. the knife edge and the cam surface). It is seldom used in practice
becanse the small area of contacting surface results in excessive wear, In knife edge followers, a

considerable side thrust exists between the follower and the guide.

2. Roller follower: When the contacting end of the follower is a roller, it is called a roller
follower, as shown in Fig. 1 (b). Since the rolling motion takes place between the contacting
surfaces (¢ the roller and the cam), therefore the rate of wear is greatly reduced. In roller
followers also the side thrust exists between the follower and the guide. The roller followers are
extensively used where more space is available such as mn staticnary gas and oil engines and

aircraft engines.

3. Flat faced or mushroom follower: When the contacting end of the follower is a perfectly
flat face, it is called a flut-faced follower, as shown in Fig. 1 (), It may be noted that the side
thrust between the follower and the guide is much reduced in cuse of flat faced followers. The

only side thrust is due to friction between ihe contaot surfeces of the follower and the cam,

4. Spherical faced follower: When the contacting end of the follower is of spherical shape, it is
called a spherical faced follower, as shown in Fig. | {d). It may be noted that when a fat-faced
follower is used in automobile cngines, high surface stresses are produced. In order to minimise

these stresses, the flat end of the follower is machined to a sphencal shape.

Cam Profile Brealidown:

The cam profile typically consists of the following phuses:

Phase D:s:ript_lu; Follower Maotion
Rise The cam Lifts the follower away from its rest Follower moves upward
position. {displicement).
Dwell | The cam continues to rotate, but the follower Follower remains in place (zero
remains stationary. displacement).
Return | The cam moves the follower back to its rest Follower moves downward
pasition, (displacement),

CSMSS, CSCOE, CHH. SAMBHAJINAGAR Foge |6
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DlAL GAUGE
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Fig 2: Cam analysis experimental set-up
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-

Experimental Procedure:

I, Mount dial guage and check the dial to show zero without any error.

2. Give required initial compression to the spring. [n order that initial compression is not
last during eperation, the check nut is to be tightened against spring seat.

3. Rotate the cam at different angle by using handle and note down the dial gauge reading.

4. Repeat the experiment by rotating cam with different angle

5. Plot the cam profile by using dial gauge reading and angle of cam rotation.

Dbzervation table:

Sr. No. | Cam angular di:plncv:menl_ Follower vertical height

(63) Degrees (h) mm

n| & W] M| =

Graph: cam rotation vs follower displacement

Foflower dizplicement ———+

Crank angle —

Conclusion:

» The praph shows that, the cam profile tvpically conzsists of three phases, rise dwell and
return that depend on the cam position

C5MS55, CSCOE, CHH. SAMBHAJINAGAR Page |8



MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

EXPERIMENT 3: CAM JUMP ANALYSIS

Adm:

To siudy cam jump phenomenon to Find out Jump speed for different weights,
Apparatus:

v Motonsed Cam analysis appratus
» Weights
Theory:

Cam Jump Phenomenon

The cam jump phenomenon refers to a situation w cam and follower mechanisms where the
follower unexpectedly “skips" or "jumps" over a portion of its infended motion. The Jump
phenomenon occurs in case of cam operating under the action of compression spring load. This
is transient conditions that occur only with high speed, highly flexible cam-follower gystems.
With jump the cam and the tollower scparate owing to excessively unbalanced forces exceeding
the spring force during the period of negative scceleration. This is undesirable since the
fundamental function of the cam-follower system; the constraint and control of follower motion
are not maintained. Also related are the short life of the cam flank surface, high noise, vibrations

and poor aclion.
Causes of Jump:

I. High Speed and Inertia: At high speeds, the inertiz of the follower may become larpe
enough to overcome the contact force, causing the follower to lose contact with the cam
and jumnp over parls of the cam’s profile.

2. Inadequate Contact Force: Insufficient contact force between the cam and follower can
occur due to poor design, wear, or improper preload in the follower spring. This can
result in the follower losing contact with the cam during part of its motion.

3. Sharp Cam Profile Transitions: Abropt changes in velocity or acceleration in the cam
profile {e.g., sharp edges or sudden profile changes) can induce forces that cause the

follower o lose contact or jump,

CSMSS, CSCOE, CHIL SAMBUHAJINAGAR Page |9
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High Friction or Sticking: If the follower is subject to high friction or binding at ¢ertain
paints of contact, the sudden release of friction can cause the follower o jump as it
overcomes the resistance.

Improper Cam Design: A cam profile with rapid acceleration and deceleration can resull

in an excessive torce that causes the follower to momentarily lose contact,

Effects of Jump:

L%

Erratic Motion: Jump can result in an unpredictable follower motion, leading to
inconsistent performance.

Loss of Synchronization: In systems like internal combustion engines, where precise
timing is crucial, cam jump can cause the systemn to go out of synchronization, leading to
misfiring or valve timing issues.

Increased Wear: Loss of contact between the cam and follower can cause uneven wear on

the surfaces, resulting in premature failure of components,

Crossover shock FPhenomenon

Crossover shock refers to the sudden impact or force experienced by the follower as it trangitions

from one phase of motion te another, particularly when it crosses over from one ¢am lobe ar

section to another, This shock typically occurs when the follower changes direction or whea it

moves from a region of acceleration to deceleration (or vice versa), often resulting in a sudden

change in velocity and impuct forces,

Cawses of Crossover Shocl:

ki

Abrupt Change in Acceleration: Crossover shock often vecurs when the cam profile has
sharp transitions in acceleralion or velocity, causing a sudden change in direction fer the
follower, If the cam’s motion does not have a smooth or gradual transition between lobes,
the follower may experience a "shock” as it suddenly changes direction.

Cam Profile Discontinuities: When the cam profile has discontinuities or irregularities
{e.g., sudden cdges or sharp transitions), the follower may experience a sudden impact as

it moves from one lobe 10 another.

CSMSS, CSCOE, CHH. SAMBHAJINAGAR Page |10
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3. Follower Stiffiness and Spring Force: If the follower’s spring or damping system is too
stiff or poorly tuned, it may not absorb the impact when trunsitioning from one section of
the cam Lo another, causing a crossover shock,

4. Follower Inertia: In high-speed systems, the follower's inertia can cause it Lo overshool
its intended position during teangitions, leading to a crossover shock.

Effects of Crossover Shock:

I, Increased Wear: Crossover shock can capse significant wear on both the cam and
follower surfaces due 1o the sudden impact and high forces involved. This wear can lead
to reduced system life and inefficient operation,

2. Noise and Vibration: The sudden shock may lead to undesirable noise and vibrations in
the system, which could be detrimental to both performance and durability.

3. Reduced Performance; Crossover shock cun cause the system to behave unpredictably,
reducing the overall performance, precision, and efficiency of the mechanism.

4. Damage to Components: In extreme cases, the shock can cause physical damage to the
cam, [llower, or other associated components, leading to fatlure or mallunction,

Observation:

To observe the phenemenon of jump by naked eye. When jump occurs the follower pounds on

the cam surface giving a good thumping sound.

Upward inertia force = Downward retaining force

I
?w=r=w+5

This 15 the equilibrium of force equation when the jump will just start.

W = follower weight (Assembiyv)
8 = spring force
w = angular velocity of cam.

r = distance according o the geometry of cam.

To study the effect of follower assembly weight on the jump speed when the spring foree is kept

constant. To study this effect, keep the initial spring compression at o centain level and observe

CSMSS, CSCOE, CHIL SAMBHAJINAGAR Fage |11
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Jjump speed for different follower weights by adding them successively and plot the graph of
follower weights Ws. Jump speed.

(W +s5)g
W =—
W T

Experimental Procedure:

1, Give required initial compression to the spring. In order that imitial compression is not
lost during operation, the check nut is to be tightened against spring seat.

1. Check the knob of dimmer stat, it should be at zero pogition.

3. Switch on main switch and with the help of dimmerstat increase the speed of motor up to
some certain speed, Mow observe the cam for jump phenomenon.

4. Take the readings of weight and speed at which jump accurs,

5. Repeat the procedure by varying the weight and take the reading for corresponding speed.

6. Finally plot graph of weight and jump speed.

Graph: Weight vs Jump Speed

Titsnp apcid

Winiha ——

Conclusion:

= The graph shows that, as the follower weight increases the jump speed goes on decreases,

= Jumnp amd crossover shock are two significant phenomens in cam and follower
mechamsms that cen cause imegular motion, wear, and damage o components. By
understanding the causes and effects of these phenomena, and implementing design
improvements such as smooth cam profiles, proper speed control, and adequate spring or
diamping systems, the likelihood of these issues con be reduced.

CEMSS, CSCOE, CHH. SAMBHAJINAGAR Page [I2
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EXPERIMENT 4: VERIFICATION OF PRINCIPLE OF GYROSCOPE

Aim:
To determine theorctical and practical gyroscopic couple using motorized gyroscope,
Apparalus:

» motorized gyroscope
» weights
» Lichometer

»  power supply
Theory:

A gyroscope i3 4 device used 1o megsure or maintain ofentation and angular velocity, It operates
on the principle of angular momentum, which states that a spinning object tends to maintain its
axis of rotation unless acled vpon by an external torgue. Gyroscopes are widely used in

navigation systems, aerospace engineering, robotics, smartphones, and morne.

Consider a disc, as shown in Fig. (a), revelving or spinning about the axis GX (known as
axig of spin) in anticlockwise when seen from the front, with an angular velocity @ in a plane at
right angles to the paper. After a short interval of time d, let the disc be spinning about the new
axis of spin OX' (at an angle d8 ) with an angular velocity (@ + di ). Using the right hand screw
rule, initial angular velocity of the dise (w ) is represented by vector ox; and the final angular

velocity of the dise (o + dw ) is represented by vector ax’ as shown in Fig. (&),

x 1

= e

!aj.,g."j"‘.f-lfﬁ ~ Illhm+ (6 “\*'.:h"ﬂ _-,;'u:'l i
"%f-f' r - i
{50 “30 S T
N oa— ‘}_‘ e i :_r_.__}

/ Directian "
Axis of 5|:|In of vigwing

Kl 1f)
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-

The vector xx’ represents the change of angular velocity in time d ¢ i.e. the angular acceleration of

the disc. This may be resolved into two components, one parallel to ox and the other
perpendicular to ex. This angular velocity of the axis of spin (Le. df [dt) is known as angular
velocity of precession and is denoted by m. The axis, about which the axis of spin is to turn, is
known as axis of precession. The angular motion of the axis of spin about the axis of precession
is known as precessional angular motion. The axis of precession is perpendicular to the plane in

which the axis of spin'is going o rofate.

Egpin anls - ::.-P'" anis

When the axis of spin itself moves with angular velocity o, the disc iz subjected to reactive
couple whose magnitude is same (e I w.wolP') but opposite in direction 1o that of active couple.
This reactive couple to which the disc is subjected when the axis of spin rolates about the axis of
precession is known as reacrive gyroscopic couple. The axis of the reactive gyroscopic couple is
represented by OZ in Fig. (c)

Plare of
n‘l | _r_‘.::?if'r :tl ﬂfﬂfﬂ‘lm!b- 5
SAEM. e D e
i, A ol mpin 20 Diireciian
-i, Ads of reactive o ol
gy, counk Wianing

» Effect of the Gyroscopic Couple on an Aeroplans
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Procedure:

I. Balance the rotor in the horizontal plane.

2, Start the motor and adjust the speed with the help of voltage regulation, The speed is

measured using a tachometer.

3. Put weights on the side opposite to the motor.

S -

Dbservation:

1. Moment of Inentia of Disc 1 =

Verify this direction

The yoke stant precessing,

Maote down the direction of precession.

.

Kpm®*,

2, Distance of point of load application from Center L =

Measure the velocity of precession using the pointer provided the yoke and stop watch,
Verify the relation C=[ X w. X w.p.

Dbservation Table:
ar Speed | @y Weighi | di Tar W_[.; .=._ 'Tlte:rrmml_'-ﬁyrusm[:lc
MNo | (RPM) W kg) | (degree) i/ ae | Yorque= Couple=
X ()
(radfsec) Waxl [=w* Wp
|
. (N-m) (N-mm)
]
1 .i
2 | I Bl
| |
Caleculation:
L. Theoretical Torque =T = W*L
= mg*L (M-m}

Were,

L = distance of point of application of load from the centre of disc =10.19 m

W= Weight in pan in kg

CSMSES, CSCOE, CHIL SAMBHAJINAGAR
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2. Gyroscopic couple = C = [*0* (Op
=mK? *w® twp (N-m)

Were

m = mass of the disc = 3.1 kg

k = radius ﬂfE}"l'EtllJD.:Rlll'lﬁ m
It = radius of the disc = 0,145 m

() = angular velocity of disc = Em,-"ﬁu rad/sec

dig i
WP = Veloeity of precession=—- % T rad fsec
Conclusion:
Theoretical Torque =T = M=m.
Gyroscopic Couple C = _MN-m.

Thus, the theoretical and practical values confirm the principle of gvroscope.

CSM55, CSCOE, CHH. SAMBHAJINAGAR
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EXPERIMENT 5: WATT GOVERNOR
Adm:
To study charactenstics of wait governor,

Apparalus:

=  Universal governor appratus

* lachometer
*  power supply
Theory:

The function of a governor 15 to mamtain the mean speed of a machine/prime mover, by
regulating the input to the machine/prime mover automatically, when the varation of speed
occurs due o flucation in the load. The simplest form of & centrifugal governor 15 a wait

governor, It is basically a conical pendulum with links attached to a sleeve of negligible mass.

Procedure:

Mount the walt governor mechanism on the drive unit of the governor appamatus. Vary the
governor spindle speed by adjusting the dimmer, The speed can be determined by the hand
tachometer, Increase the speed of the povernor spindle gradually by adjustiing the dimmer and
note down the speed at which the sleeve just begins to move up. Take four or five sets of
readings by increasing the govemor speed in steps and note down the corresponding slesve

displacement within the range of the govemnor and tebulate the observations.

Specifications:

Length of each link = 125 mm

Initial height of governor (k) = 110 mm
Initial radius of rotation {r(}) = 120 mm
Mazs of each ball {m) = 0.400 kg

CSMSS, CSCOE, CHH. SAMBHAJINAGAR Page |17
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Experimental set-up for watt governor

Walt governor configuration

Observation table:

Sleeve Displacement (X) in

SR.NO Speed in RPNV
mim (i1}

CSMSS, CSCOE, CHIL SAMBHAJINAGAR Pape 18
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e

Calculations:

Sensitivencss = {max equal speed - Min equal speed) ! Mean equal speed

Mean equal speed = (Max equal speed + Min equal speed) /2

Bange of speed = N2 - N1

N1 = Min equal speed in Rpm (Initial displacement of the sleeve)

N2 = Max equal speed in Rpm (Maximum displacernent of the sleeve)
Graph:

apeed vs Displacement

—_—

Displacemsnt

w

Spead _

Conclosion:

e i ———— e L LS ————
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EXPERIMENT 6: PORTER GOVERNOR
Adm:
To study characleristics of Porter povernor
Apparatus:

#  Universal governor appranss
#  lachometer

s power supply
Theory:

The poner governor is a modification of a watt’s governor, with central load attached to the
gleeve, The loud moves up down the centrul spindle. This edditional downward foree increase the

speed of revoetution required Lo enable the balls 1o rise o any o any predetermined level.

Frocedure:

Mount the porter governor mechanism on the drive unil of the governor apparatus, Vory the
governor spindle speed by adjusting the dimmer. The speed can be determined by the hand
tachometer. Increase the speed of the governor spindle gradually by adjusting the dimmer and
note down the speed at which the sleeve just beging to move up. Take four or five sets of
readings by increasing the governor speed in steps and note down the corresponding sleeve

displacement within the range of the governor and labulate the observations.

Specifications:

Length of cach link 1= 125 mm

Initial height of govermor (hQ) = 110 mm
Initial radius of rofation ()= [20 mm
Mass of each ball {m) = 0.400 kg

Mass of each sleeve (M) = 0.500 kg

CSMSS, CSCOE, CITH. SAMBITAJINAGAR Pnge |20
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__,.-'-ft_nhn"
o

L 2]
27
F
e
Mo
Linid

Forfer governor configuration
Observation fable:

Sleeve Displacement (X) in

SR.NO Speed in RPM

ITLELE m

CSMSS, CSCOE, CHH. SAMBHAJINAGAR Page |21



MECHANICAL ENGINEERING DEPARTMENT THEORY OF MACHINES LAB

Calenlations:

Sensitiveness = (max equal speed - Min equal speed) / Mean equal speed
Mean equal speed = (Max equal speed + Min equal speed) /2
Range of speed = N2 - NI

M1 = Min equal speed in Rpm (Initial displacement of the sleeve)
M2 = Max equal speed in Rpm {Maximum displacement of the sleeve)

Craph:
Speed vs Displacement
[
:
(s
Spesd ——

Conclusion:
e e= e

CSMSS, CSCOE, CHH. SAMBHAJINAGAR

Papge |22



MECHANICAL ENGINEERING DEFARTMENT THEORY OF MACHINES LAB

EXPERIMENT 7: PROELL GOVERNOR
Adm:

To study characteristics of Proell governaor,

Apparalus:

o Universal governor appralus
= [achometer
» power supply

Theory:

The function of a governor is to maintain the mean speed of a machine/prime mover, by
regulating the input to the maching/prime mover automsatically, when the varation of speed
ocours due to flucisation in the load. The porter governor is known as a procll governor if the
two ball (masses) are fixed on the upward extensions of the lower links which are in the form of
bent links.

Procedure:

Mount the proell governor mechanizm on the drive unit of the govemor apparatus. Vary the
govemor spindle speed by adjusting the dimmer, The speed can be determined by the hand
tachometer. Increase the speed of the governor spindle gradually by adjusting the dimmer and
note down the speed at which the sleeve just begins to move up. Take four or five sets of
readings by increasing the govemor speed in steps and note down the comesponding sleeve

displacement within the range of the governor and tabulate the observations.

Specifications:

Length of each link I= 125 mm

Initial height of governor (hi}) = 110 mm
Initial radius of rotation {rl}) = 120 mm
Miass of each ball (o)} = 0,400 kg

Mass of each sleeve (M) = 0500 kg

CSMSS, CSCOE, CHIL SAMBHAJINAGAR Pape |23
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Observation table:

Proell governor configuration

SH.NO

Speed in KFM

Sleeve Displacement (X) in

i

CSMSS, CSCOE, CHH. SAMBHAJINAGAR
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Calculations;

Sensitiveness = (max equal speed - Min equal speed) / Mean equal speed
Mean equal speed = (Max equal speed + Min equal speed) /2
Range of speed = N2 - N1

M1 = Min equal speed in Kpm (Initizl displacement of the sleeve)
N2 = Max equal speed in Epm (Maximum displacement of the sleeve)

Graph;
Speed vs Displacement
E

3

é

2

Spoad —_—
Conclusion:
=
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EXPERIMENT 8: HARTNELL GOVERNOR
Aim:
To study characteristics of hartnell governor.
Apparatus:

» LUniversal governor appratus
¢ tachometer

= power supply
Theory:

This governor comes under the spring loaded tyvpe centrifugal governors. The control of the
speed is affected either wholly or in part by means of springs. The centrifugal governors are
based on the balancing of centnfugal foree on the rotating balls by an equal and opposite radial
foree, known as the controlling force, It consists of two balls of egual mass, which are attached
to the arms as shown in fig. These balls are known as governor balls or fly balls, The balls
revolve with a spindle, which is driven by the engine through bevel gears. The upper ends of the
arms are pivoted to the spindle, so that the balls may rise up or fall down as they revolve shout
the vertical axiz. The arms are connected by the hinks e g sleeve, which is Keyed to the spindle.
This sleeve revolves with the spindle but can slide up & down. The balls and the sleeve nse
when the spindle speed increases and falls when the speed decreases. The sleeve is connected by
a bell crunk lever to a throttle valve, The supply of the working tluid decreases when the sleeve

rises and increases when it falls.
Frocedure:

Mount the harinell governor mechanism on the drive unit of the governor apparstus. Vary the
governor spindle speed by adjusting the dimmer. The speed can be determined by the hand
tachometer, Increase the speed of the govemor spindle pradually by adjusting the dimmer and
note down the speed at which the sleeve just begins to move up, Take four or five sets of
readings by increasing the governor speed in steps and note down the corresponding sleeve

displacement within the range of the governor and tabulate the observations.
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Specilications:

Mass of the fly ball = 0.4 kg

Length of ball rm {a) = 75 mm

Length of sleeve arm (b) = 125 mm
Initial rudivg of rotation (0} = [T3 mm
Spring stiffness =3.2 x 10'] Kg/mm

g | Flyball
| o+ ~Bell Crgnk Lever

1 o f |i£
! l [Drive
| Muotor
1] Uit
==,
s i

Hartnell governor configuration

CSMSS, CSCOE, CHH. SAMDBHAJINAGAR
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Observation table;

o

SR.NO

Speed in RPM

Sleeve Displacement (X) in

mim

Calculations:

Sensitiveness = (max equal speed - Min equal speed) / Mean equal speed

Mean equal speed = (Max equal speed + Min equal speed) /2

Range of speed = N2 - NI

M1 = Min equal speed in Rpm (Initial displacement of the sleeve)
N2 = Max equal speed in Rpm (Maximum displacement of the sleeve)

Graph:
Speed vs Displacement

Conclusion:

S

Césplacamant

Spaed
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EXPERIMENT 9: FREQUENCY RESPONSE CURVES FOR DIFFERENT
AMOUNT OF DAMPING

Alm:
To obtain frequncy response curve for the trsaverse vibrations of cantilever beam.
Apparatus:

»  Universal vibration appacatus

o Power supply
Theory:

The vibration that the system executes under damping system is known as damped vibrations. In
general, all the physical systems are associated with one or the ether type of damping. In certain
cases, amount of damping may be small in other case large. In damped vibrations there is a
reduction in amplitude over every cycle of vibration, This is due to the fact that a certain amount
of energy possessed by the vibrating system is always dissipated 0 overcoming [rictional
resistances to the motion. The rate at which the amplitude of vibration decays depends upon the
type and amount of damping in the system, Damped vibrations can be free vibrations or forced

vibratipns, Shock absorber is an example of damped vibration.

Procedure:

i

Connect the exciter to D.C. motor.
Start the motor and allow the system to vibrate,

Wait for 3 to 5 minutes for the amplitude to build for particular forcing frequency.

Fe- B B2

Adjust the position of sirip-chart recorder. Take the record of amplitude Vs time on the strip-
chart.

5, Take record by changing forcing frequency.

6. Repeat the experiment for different damping. Damping can be changed adjusting the position
of the exciter.

7. Plot the graph of amplitude ¥'s frequency for each damping condition
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10 )
i

il

"~

FRAKE
LIADIMG SCREY
HAND WHEEL
L0 suT
SFRING

FEM HOLECR
RECORIER

ECAH

EXCITER it
IAHFER

TRUNTN

Forced vibration of equivalent spring mass system

Observation tables
Number of | TIMe required Forcing
sl {m) | RPM |oscillations, forn frequency, | Amplitude,
No - oscillations, t | Periodic Time, J "expl = (m)
fsec) Texpt (sec) L Texpr, (Hz)
Conclusion:

From the graph it can be observed that the amplitude of vibration decreasges with time.

»  Amplitude of vibration is less with damped system as compared to undamped system,
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EXPERIMENT 10: BIFILAR SUSPENSION
Adnn
To determine mass moment of inertis of uniform rod by using bifilar suspension,

Apparafus:

Figure shows the apparatus and consists of a uniform rectangular bar suspended by fine wires
from the small chucks as used in experiment. Drawing the two wires through the chucks and
tightening alters the lengths of the suspension, The bar is drilled at regular intervals along its

length so that two 1.2 kg maesses may be pegged at varying points along it.
Theory:

The bifilar suspension can determine the moment of inertia aboul an axis by suspending two
parallel cords of equal length through the mass centre of bodies, as shown in fig. angular
displacement of the body of the body about the vertical axis through the mass centre G 15 by

angle ©, which is sensibly small.
Procedure:

e  With the bar is suspended by the wires, adjust length L to 2 convenient size, and measure
the distance between the wires, b.

= digplaces the bar through a small angle and measure the time taken for 20 complete
escillations,

* From this, calculate the periodic time.

s Adjust the length of the wires, L, and meagure the time taken for a further 20 swings.

= Increase the inertia of the body by placing two masses symmetrically on either side of the
centreling distance x apart, and repeating the procedure for various values of L and the
distance between the masses.

e Caleulate the radius of gyration k of the system as previously outlined.
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B1
' .
4 Ur -
h = 5 .f:—__ﬂ'
E 3 Ll B ]
- 1,
Experimental set-up of bi-filar suspension
T, T, T T Y N TR
=5 —_ « 0 I
L
IJ.""l
8 G 1 B
- —— L
| _.---'i"i""—— = |
g

Bi-filar suspension configuration

s
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T
Observation table:
DISTANCE i w5y
TIME FOR PERIODIC
SR. | LENGTH OF | BETWEEN NO.OF | .o mLLMID'T‘{ | MASS | TR
TWO OSCILLATION n MEg)
NO | WIRE L (m) W IN SEC Tﬂwﬂ_‘mﬂn
WIRE b (m]}
Calculations:
kK (L
T BEXPT EE-E " g
L
Kmoe =35
Coneclusion:
Page |33
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EXPERIMENT 11: SINGLE ROTOR SYSTEM
Adinnz
To determine mass moment of inertiz of dise by using single rolor dystem

Apparatus:

Universal vibration appratus with rotor disc
Theory:

When the particles of the shaft or disc move in a circle about the axis of the shafi, then the
vibrations are known as torsivnal vibrations. The shaft is twisted and untwisted altematively and
the torsional shear stresses are induced in the shaft, Since there 15 no dumping in the system these
are undamped vibrations. Also, there is no external force is acting on the bedy after giving an
initial angular displacement then the body is said to be under free or nutural vibrations. Hence

thie given system is an undamped free torsional vibratory system
Specifications:

Shafi diameter, d=3 mm

Diameter of dise, D = 225 mm

Weight of the disc, W = 2.795 kg

Modulus of rigidity for shaft, G = 7.848 * 10" Nfm*

Procedure:

s Fix the brackets at convenient position along the lower beam.
= Grip one end of the shafi at the bracket by chuck,

» Fix the rotoron the other end of the shaft.

» Twist the rotor through some angle and release,

o MNote down the time required for 10 10 20 oscillations,

» Hepeat the procedure for different length of the shaft,
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FiLvdHLIL —
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4

Experimental set-up of single roter system

Observation table:
Periadic v Matural frequency
Length of] Time for n Matural Periodic time,
MO of ki time, A ={lﬁ’|{‘|l_h]
8L | shaft osctllations, frequensy (Hz) TEXFT ™ tn, :
MNo gscillations, n | TTHOE,
Lim} [see) fRTHOE [see)
[#ec)
|
1
— -
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Calculations:
Polar mament of inertia of shaft {1y )=T1*d 732
Moment of inertia of dise, 1= mk*

Torsional stiffness K,
Periodie time, T (theoratically)

I
T-zn‘!;

Periodic time, Tpyrr
T=tn
Frequency, I"-m= Lf Texpr

Frequency, f « = 1/ Tron
FriaE

Result table:
Exptrir;l.:nlul vinlues
Theorctical Valees
Ii::; Length of shafi, L {m}
: T (sec T EXPT=tn| f "expt= nit
n’_.m ! | f nTheo (hz) (ice) )
| |
Conclusion:

1. The natural frequency of undamped free torsional vibration (THOE)
2. The natural frequency of undamped free torsional vibration (EXPT)
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EXPERIMENT 12: COMPOUND PENDULUM
Aim:
To determine mass moment of inertia of disc by using compound pendulum
Apparatus:
Universal vibration appratus with pendulum set-up
Theory:

The compound pendulum consists of steel bar. The bar &5 supported in the hole by the knife-
edge. It is possible to change the length of suspended pendulum by supporting the bar in
different holes.

FProcedure:

= Support the rod in any one of the holes.

o Note the length of suspended pendulum and determine OG.

« Allow the bar to oscillate & determine T by knowing the time for say 10 oscillations.
« Repeat the experiment with differeat length of suspension.

« Complete the observation table given below.
F

1 I / $ g ERADKCT

_\ 3 PENDULLM

VIIAB DFT, 1 2

O FEMBRIN

Experimental set-up of compound pendulum
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_

Observation table:

1 hof
Distance of Time far m . of Periodic time T

&r. Mo | pendulum L in " Ma, of oscillation n e e\
0 a0 o pscillation t insee|  EXFT tn (sec)

mim

Calculations:

& ’x’ﬂc.-r:]l
Tower = 27 e i

Kemot =375

Result table:

Sr. No KEXPT (m) KTHOE {m)

Conclusion:
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e

EXPERIMENT 13: UNDAMPED FREE VIBRATION

Adm

To study undamped frec vibration of equivent spring mass system
Apparalus;

Uiniversal vibration appratus with spring mass system

Theory:

The arcangement shown in figure is designed to study free, force, damped and undamped
vibration system, It consists of MS rectangular beam supported at one end by a furning on
pivoted in ball bearing. The bearing housing is fixed 1o side member of the frame. The other end
of beam is supported by the lower end of helical spring. Upper end of helical spring is attached

I BErew.
Procedure:

» Support one end of the beam in the slot of trunnion and clamp it by means of screw.

» Attach the other end of the beam to the lower end of the spring.

» Ser the beam in the hunizontal position.

= Measure the distance L1 of the assembly from pivel

= Allow the system (o vibraite,

= Measure the time for say 10 oscillations and find the periodic time and natural »
frequency of vibration.

o Hepeat the experiment by varying L.
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R
=
9 \4 1 BUAIN FRAME
T \\ 7 ? LOAGING SCREW
- 3 HAND YWHEEL
A ] LOCK MLT
g {
] r \K!,H 5 SPRING
ﬂ! I e 8 BEAM
L ——id : T EXCITER
r S PRI, §  BEAM
o e . & TRUNICH
10 WEIGHT PAN
Experimental set-up of undamped free vibration
Observation table:
| Time forn [pagi o
S Ll NOof " eriodic ime,  perindic time,
5 usciliations t i
No| (m | ™€ | oscillations, n TEXPT=UR | ryog (sec)
etk | )
—— = — e ——
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Caleulations:

Periodic 1ime T (theoretical)

m
T'EIE

Where mass cquivalent mass at the spring (m,) = m thf.i L:]-
K = stiffness of the spring 0.3 kg/mm = 0,3 x 10" kg/m

m =W +w)

w = weight attached to exciler asscmbly

W = weight of exciler assembly =9.14 kg

L; =distance of W from pivol = ——-—m

L is distance of spring from pivot (.9 m

Resalt table:
SR | Natural frequency "~ Natural frequency
NG Fn Exp=1/Texpt, (Hz) S THOE =1/T s (Hz)
Conclusion:
== = —
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EXPERIMENT 14: LOGITUDINAL VIBRATION OF HELICAL SPRING
Al
To study logitudinal vibration of helical spring and to determine frequence of vibration
Apparatus;
Universal vibration appratus with helical spring with mass
Theory:

A helical spring, deflecting as a result of applied force, confirms 10 Hooke's law (deflection

proportional to deflecting force). The graph of force ngainst deflection is a straight line as shown
i figure 1.

Cafeetlon, ¥

Forca, #
Figurel: Graph of Force vs dellection

Tl : E T : Wl
Slope of the line Eﬁ- is the "deflection coefficient’ in metres per newton. The reciprocal of this is

the stiffness of the spring amd is the force requured 1o produce unit deflection,

Figure 2 shows the required set-up for the experiment. Suspend helical springs supplied
from the upper adjustable assembly and clamp to the top member of the portal frame. To the
lower end of the spring is bolted a rod and integral platform onto which 0.4 kg masses may be

added. Measuring tape can be used © measure deffection, and thereby the stiffness, of a given
spring,
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L-_'l=ﬂ'-l —_l-ll
’ _"H_H_:g- I Welght pan

£ Spring
3 Weight srt

_,_..--""ﬂ_r#ml

&

e ——

Figure 2: Experimental set-up of experiment on longitudinal vibrations of helical spring

Procedure:
Fart A:

Fix the specimen spring to the portal frame, with the loading weight pan form suspended
undemeath. Using the measuring tape measure the length of the spring with the weight pan
unloaded. Add weights in increments, taking note of the extension in Table, until reaching a
suitable maximum load. Remove the weights, again noting the length at each increment, as the

system 15 unloaded. From these values determine the mean value of extension for the spring.

Orbservation table part A:

Sr. | Mass Deflection x
No | (kg) Loading Unloading s
- = ==
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Part B:
Add masses to the platform in varying increments; pull down on the platform and release o
produce vertical vibrations in the system. For cach increment of weight note the time taken for

20 complete oscillations in Table, and from this ealculates the periodic time, T.

Observation table part B:

91 TJmE for n of oscillations |  Periodic time

il Mass m (kg) | No of oscillations n 1in £8c Tes=tn

Caleulations:

TWE*IHJE

Resalt table:

SR.
NO

Trwse 'Tl?.nlp

Conclusion:
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EXPERIMENT 15: LOGITUDINAL DECREMENT

Admi:

To study logitudinal decrement and 1o determine cpetficient of damping
Apparaius:

Universal vibration appratus

Theory:

The figure shows general arrangement tor experiment. It consists of long elastic shaft gripped at
upper end by chuck in bracket. The bracket is clamped ta upper beam of main frame. A heavy
flywheel clamped to lower end of shaft suspended from bracket, this drum 15 immersed in od
which provides damping. Rolor can be taken up and down for varying depth of immersion of

damping drum; depth of immersion can be read on soale.

o | o
_‘_:_h 'I}'""‘m.qnm

TR TIILIEA:

Figure: Experimental set-up ol experiment on logarithmic decrement

— -
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Procedure:

e With no il in the container allow the Aywheel to oscillate and measure the time for some
oscillation. .

s Put thin mineral oil in the drum and note the depth of immersion.

= Put the sketching pen in the bracket.

o Allow the Aywheel 1o vibrate.

s Allow the pen to descend and see that it is in contact with the paper.

s Measure the time for some escillations by means of stop watch.

s Determine amplitude (Xn) at any position and amplitude (Xnti) after cycle.

Observation table:

SEMNO Damping medium e E&in;. 'K,T_i_{mm)

e — -

Calculations:
Determining Damping ralic;

Determining Logarithmic decrement

‘5=’”(x::: 1)

Where,
X, = Amplitude of vibration of the n'" cycle

Xqyt+i= Amplitude of vibration of the (n+1)™ cycle
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= = =
2né
8= ———
1~ §?
5= 7
l —
4t
1—§= 52
Wegetd = ~—=—""
Result:
Response curve for air and water
Conclusion:
Damping coefficient for air and water
T =
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EXPERIMENT 16: GENERATION OF GEAR TOOTH PROFILE

Alm: To gencrate gear tooth profile and to study the effects under cutting and rack shift using
models

Theory:

Conjugate of Teeth: If the shape of one tooth profile is arbitrarily chosen and another tooth is
designed to satisfy the law of gearing, then the second tooth is said to be conjugate to the first.
The conjugate teecth are not in common use beczuse of difficulty in manefacture, and cost of

production. Therefore, in actual practice following are the two types of teeth commenly used;

1} Cyecloidal teeth
2} Involute teeth

1] Cycloidal tooth profile: A cycloid is the curve fraced by a point on the circumference of a
circle which rolls without slipping ona fixed stratght line. The cycloidal profile consists of two

CUYEST

A) Epicycloidal curve
B) Hypocyclomd curve

A) Epicycloidal curve: When a circle rolls without slipping on the outside of a fixed circle, the
curve traced by a point on the circumference of a circle is known as epi-cycloid. Generally the

face is made of epicycloid curve.

B) Hypocycloid curve: if a circle rolls without slipping on the inside of a fixed circle, then the
curve traced by a point on the circumfcrence of a circle 15 called hypo-cveloid, Generally the

flank is made of hypocycloid curve.

The cycloidal teeth of a gear may be constructed as shown in Figure 1. The circle C is
rolled without slipping on the outside of the pitch circle and the point I' on the circle C traces
epi-cycloid PA, which represents the face of the cycloidal tooth. The circle D is rolled on the
ingide of pitch cirele and the point P on the circle D traces hypo-cyeloid PE, which represents the
flank of the tooth profile. The profile BPA is ene side of the cycloidal tooth,
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Figure 1: Construction of cycloidal teeth of a gear.

2| Involute tooth profile: 1t is a curve traced by a thread end when the thread end is unwound
from the cylinder. The cylinder dinmeter is the base circle diameter & the circle is called base

circle. Involute profile always exists nbove its base circle.

GEAR TERMINOLOGY

Pipci guface alamant

~Warking depth
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¥
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Figure 2; Terms used in gears

1. Pitch circle: It is an imaginary circle which by pure rolling action, would give the same
motion as the actual gear.

2. Pitch circle diameter: It is the diameter of the pitch circle. The size of the gear is usually
specified by the pitch circle diameter. Tt is also known as pitch diameler,
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3. Pitch polnt: It is a common point of contact between two pitch circles,

4, Pressure angle or angle of obliguity: 1t is the angle between the common normal to two gear

teeth at the point of contact and the commen tangent at the pitch point.
5. Addendum: It is the radial distance of a tooth from the pitch circle to the wp of the tooth,
6. Dedendums It is the radial distance of a tooth from the pitch circle 1o the botom of the toath.

7. Addendum circle: It is the circle drawn through the tap of the teeth and is concentric with the
pitch circle,

8. Dedendum cirele: Tt is the eircle dmvwn through the bottom of the teeth. It 15 alsoe called root

cirele.

9. Circular pitch: It is the distance measured on the circumference of the pitch circle from a

paint of one teoth to the comesponding poinl on the next tooth,

p. = miVT

10, Diametral pitch: 1t is the mtio of number of tecth to the pitch circle diameter in millimeters.

R
P,

T
F"I:E_

11, Module: 1t is the ratio of the pitch circle diameter in millimeters to the number of teeth.
m = DIT

12. Clearance: It is the mdial distance from the top of the teoth to the bottom ol the tooth, ina

meshing gear. A circle passing through the top of the meshing gear is known as clearance circle.

13. Total depth: 1t is the radial distance between the addendum and the dedendum circles of a
gear. It is equal to the sum of the addendum and dedendum.

14. Working depth: It is the radial distance from the addendum circle fo the clearance cirele. It

is equal to the sum of the addemduwm of the two meshing gears.
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15. Tooth thickness: 1t is the width of the tooth measured along the pitch circle,

16, Backlash: It is the difference berween the tooth space and the tooth thickness, as measured
along the pitch circle. Theoretically, the backlash should be zero, but in actual practice some

backlash must be allowed to prevent jamming of the teeth due to tooth errors amd thermal
expansion.

STEPWISE PROCEDURE FOR GENERATION OF INVOLUTE TOOTH PROFILE BY
USING RACK CUTTER ARRANGEMENT:

1. Paper cut on in circular form is fxed on the circular dise having graduntions on it,

2. Set the lower rack scale to zero position.

3, Mark out the position of the rack on the paper by peneil.

4, Rotate the disc by one graduation and again draw the rack on the paper.

5. Follow the same procedure for number of time

6. Finally stop the procedure when the involute profile becomes clearly visible on paper.

Observation:

Figure 3: Generation of gear tooth profile
Conclusion:

Thus, by using above mentioned process we can generate the involule tooth profile on blank. For

different module we have to use different rack cutters,
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