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Abstract

In kinematics and dynamics of machinery, were kiates involves in finding out the
results of body in motion without considering tleecies and dynamics involves in finding the
result of the body in motion with considering th@ces. These analyses are carried out by
graphical, analytical and numerical method. Theiehof approach to the solution is depend
on the problem at hand and the available data.

In general mechanisms are used to obtain varypestof motion, one of the motion is
intermittent motion, to obtain the intermittent moot various type of mechanisms are used out
of which cam mechanism provides the best intermiitheotion is been explained in the part-A
by comparing the advantage of cam over the othehargsm.

The wiper function is based on four bar mechangene to obtain the crank rocker
motion synthesis of link length is carried out amdeled in ADAMS 2010 motion &
constrains are provided the result of displacemesipcity & acceleration is taken and the
effect of change in result by changing the cramigtk and coupler length is funded and the
results were compared and analysed.

The bearings are used to support the rotatinfjsshtithe ends for the selection of the
bearing the force on the bearing is required. Irt-Bafor the given mass, radius & rpm the
shape is modeled in ADAMS and the force actinglenliearing was found and by changing
the parameters of mass, radius and rpm the effechange in the result was found and it is

compared and analysed.
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PART-A

CHAPTER 1

1.0 Introduction & analysis of the statement:

Intermittent motion is the motion produced by neatbal device which starts and stops in a

regular interval. The major considerations involvadadapting these mechanisms are a) The

required indexing rate (number of steps per minbjdhdexing accuracy required c) Dwell motion

pattern required d) The load to be operated ( heaeglium or light duty) e) Cost consideration( an

expensive mechanism is acceptable or to be medilowocost).

The various mechanisms available for intermitteathanism are:

Type of Cycling rate Dwell — Relative load | Indexing )
_ _ _ _ _ o Relative cost
mechanism (strokes/minute) motion ratio capacity precision
Cam 1000 Moderate Very high High Moderate
Impulse ratchet 1500 High low Moderate  Low
) ) Low to Poor or
Cycloid gearing Few thousand Very low _ Moderate
moderate fair
_ _ Moderate to
Step motor 960000 Low to high Low to high Moderaheh. h
19
Machine Geneva| Hundreds Low High Moderate =~ moderate
Hundreds to _ Moderate | Low to
Star wheel Moderate high
thousand moderate

From the above

Table 1. 1 Various types of intermittent motion imegism

comparison table of the differeecimanism showsCam system is the best

option as an intermittent motion mechanisnm’ the various aspects like high load carrying

capacity, high indexing precision and less relatiost of the mechanism etc.

1.2 Comparison of various mechanisms with cam:

Cam mechanism consist of usually two moving elegséme cam and the follower. Cams

can be designed to the required intermittent mat@ncam accepts the input motion and provides

the resultant motion to the follower which in tuwiil be as an intermittent motion.

1.2.1 Comparison between Cam & Step motor:

While comparing the cam mechanism with step mdtereliability is excellent for cam.
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As the cam rotates the follower is guided, therk lvé the motion but in Casel
of step motor the reliability depends on the poaepply, and there will be
more vibration in step motor as the rotor is hejdhe magnetic fields which
behave like a spring. Cam mechanism also providesrtechanical advantag

while function which is not possible by step motdhe motion control is

excellent for cam than step motor. Step motor tssadable for high rpm.

1.2.2 Comparison between Cam & Ratchet mechanism: Fig 1.1 Stef motoi[3]

The reliability of ratchet mechanism is good asrigages in

PAWL

tooth but not as good as cam mechanism and thieetatocechanism
don’t offer any mechanical advantage in ratchetlraatsm there is AR \
presence of impact while the ratchet engagemerghwkinot there in SHAFT
cam. The indexing precision and the load carryiagacity are high |
RATCHET WHEEL

Fig 1. 2 Ratchet mechanism[2]

for cam than ratchet mechanism.

1.2.3Comparison of Cam & Cycloid gear mechanism

The cycloid gear has very less load carrying ciypdlcan cam. The
inputs to output the relative motion will be paealin cycloid gear were ag
both parallel and perpendicular motion is achiewedcam. The cost of

manufacturing of the cycloid gear is higher thamc#t has very less dwellf

motion ratio and less indexing precision than cam.

1.2.4 Comparison between Cam & Geneva mechanism: Fig 1. 3 Cycloid gear(4]

The Geneva mechanism can be operated at relativelySPM
(strokes / minute) than cam mechanism. It can ke osly for very slow
motions. The load carrying capacity and the cornaxar the load is less

than cam mechanism.The indexing precision is less tam mechanism.

1.2.5 Comparison between Cam& star wheel mechanism:

Fig 1. 4 Geneva mechanism[5]

The star wheel mechanism has relatively low loarying
capacity than cam and has less indexing preciti@an tam. Fig 1.5 shows thec9
indexing star wheel mechanism.

1.3 Case study:

To operate the diesel engine all the componentst function very

Fig 1.5 Star whee

<Kinematics & dynamics of machinery
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precisely and should have very precise relativéandb the piston movement. Cam shaft is used to
accomplish this function. The cam shaft is the layjnder shaft which has cam profiles in
between called lobe; each lobe has a follower vthertam shaft rotates the follower moves up and
down for each rotation by following the profilethie cam lobes. The followers are connected to the
engine valves & fluid injectors by various linkagpash rods & rocker arm. The valves are

normally closed by springs. It opens & closes bstprod & rocker arm by rotation of cam lobe.

ROCKER ARM

YALYE KEEFER

VALYE
SPRING

YALYE

™ PUSH ROD

INTAKE

CAM
FOLLOWER

e
PISTON
L

CAM LORE

Fig 1. 6 Diesel engine valve mechanism[1]

1.3.1 Factors involved in selection of cam for intenittent motion:

In engine valve opening and closing is an inteenit motion, to operate this mechanism
cam is used by which the process of oil intake, m@ssion, combustion & exhaust takes place.
The slight variation in valve operation will affetite function of engine as the cam has high
indexing precision, good load carrying capacity gudd control over the load than any other
mechanism like cycloid gear, ratchet mechanism isansed. As the engine is operated at the high
temperature of Ambient to normal running temperature of about 990 [1] due to high
temperature conduction takes place were the mesindike stepper motor cannot be used but cam
made of allowing those thermal expansion in resilltnot affect the intermittent motion. As the
engine is operated at the high rpm, the mechani@r3eneva mechanism cannot be used which is
suitable only for very less SPM (strokes/ minute)

1.4 Conclusion:

In the case study of diesel engine valve operatien cam is the only best option for
intermittent motion and though in different mecltahiassembly various mechanisms are used to
obtain the intermittent motion other than cam hik sam has its own advantages and has wide

application in mechanical parts and there is natsuibe for cam in some mechanism.

<Kinematics & dynamics of machinery
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PART-B

CHAPTER 2

Kinematic Synthesis and Analysis of Wiper Mechanism

2.0 Introduction

In cars wind shield are cleaned by wiper fromdhet and water due to rain is swept away
by the wiper which is operated using a motor. Tlgewto and fro motion is achieved by the motor
and worm gear. The wiper arm is of rubber whiclalisays in contact with the wind shield and

moves to and fro for cleaning.

Fig 2. 1 Car wiper[6]

2.1 Four bar mechanism:

Four bar mechanism generally consist of fourdirfly Ground —The link of frame of
reference 2) crank — The link connected to motdrcdipler — The link connected to crank and
rocker 4) Rocker — The link from which the outputtion is obtained. The four bar mechanism is
used to change the type, speed and size of movearemtotion. It can also convert vertical

movement into horizontal movement as in the carevdpghe coupler moves horizontally but the

output rocker movement is in vertical.

Fig 2. 2 Four bar mechanism[

<Kinematics & dynamics of machinery
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2.2 Linkage synthesis:

Linkage synthesis is the process of calculatiegdimensions for the four links in four bar
mechanism based on which the desired output amgteker is achieved. The range of the wiper
depends on the lengths of the links which is deiteethby linkage synthesis.

Given data:
i) Initial input = 0 to 180
ii) Final output = 60 to 130
iii) Number of steps = 4
iv) Number of precision points = 3
) Function : Y = X
Chubchu spacing equation:

Chubchu’s spacing equation provides the precismntp of crank (X) and rocker(Y). These
precision points are the points were there arermw and using which at the different angle of the
crank the value of the angle of the rocker is otetdi

'''''''''''''' X+ Xe XX qeL-1_ 3 T
2 2

X, = Chubchu spacing equation
X; = Initial position of crank link
X¢ = Final position of crank link
L = Step number(1 to n)

K = Total number of precision points

2.3 Calculation:

X, = 4:—1—4;—1cos [%x 180]

X, = 1.2

X, :4+1_4—1COS '2(2)—1X180'
2 2 L 2(3) ]

, =25

X, =4+1_4—1COS '2(3)—1X180‘
2 2 | 2(3) ]

<Kinematics & dynamics of machinery
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Function: Y=X2

As X;=1.2
Yi=1.2=1.44

As X;=2.5
Y,=2.5=6.25

As X3=3.8
Y3=14.44

The values of precision points of crank(X) and ex¢k) are:

X1=12 Y. =1.44

X2=25 Y>=6.25

X3 =3.8 Y3 =14.44

Finding the slopeswith respect to input links.

_ O~ 6
rX_Xf—Xi
180 -0
R —

01 = (X; —x)rx + 65
6, = (1.2—1)60 + 0
01 = 120

0, = (X2 — X)rx + 6
e, =(25-1)60+0
o3 = (X3 — X1y + 6

6; = (3.8—1)60 + 0

Of— O

ry = ———
Ye—¥i

130 - 60
YT T6-1

<Kinematics & dynamics of machinery
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Oy = (y1 —yry + O;

®; =(1.44 - 1)4.66 + 60
Oy = (y2 —yory + O;

®, =(6.25—-1)4.66 + 60
O3 =(y3 —yry + O

O3 =(14.44 — 1)4.66 + 60
D, = 122.63°
The table shows at the precision points of crank@g rocker(Y) for the different angle of crank

(e) the angle of rockeff) is:

6,=12 ®1=62.05°

6, =90 G2 =84.46°

93 =168® ®3=122.630

For four bar mechanism — to obtain the crank roakechanism the fudenstain equation is used for
finding the link lengths.

[cos(e — ®) = K;cos® — Kj;cose + Kj|

cos(12 — 62.05) = K;c0s62.05 — K,cos12 + K5

cos(90 — 84.46) = K;c0s84.46 — K,c0s90 + K,

cos(168 — 122.63) = K;c0s122.63 — K,cos168 + K,

|K1=2.45; K=1.29; K;=0.75|

As given link length a=30mm

d
K, = "
d
2.45 = 30
d = 73.5mm
d
KZ = E
73.5
1.29 = —
C
¢ =56.97mm

<Kinematics & dynamics of machinery
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a®? —b?% + c? + d?
K3=

2ac
K. = 302 — b% + 56.972 + 73.52
3 2(30)(56.97)
b =97.71mm

Therefore the link lengths are:

a=30mm
b=97.71mm
€ =56.97mm
d =73.5mm

2.4 Result interpretation from synthesis:

From the link lengths obtained from the calculationthe four bar mechanism satisfies the

Grashof condition so it is possible to obtain thenk& and rocker mechanism.

Grashof conditions:

i) The sum of smallest link + longest link lengtiTke sum of length of the other two link length
=30+ 97.71<56.97 + 73.5

This condition is satisfied as the value 127.71138.47.
if) The crank link should rotate 36@nd the rest of the links should oscillate less th80.

As these conditions are satisfied it is possibleobdain crank and rocker mechanism.
Therefore the result obtained by the synthesisbeansed in ADAMS software to to find the results
for kinamatic analysis.

2.5 Creation of wiper mechanism in ADAMS:

After synthesis of the link lengths from the cddtion which is the result obtained are
ground length is 73.5mm, crank length is 30mm, &aulength is 97.71mm and rocker length is
73.5mm. To create the same link length in ADAMS @@iitially using CATIA V5 R16 software
with the same link lengths mechanism is createdtl@danechanism is simulated and the crank and
rocker motion is verified in CATIA then the X andakis co-ordinate for the marker is taken from
CATIA which is the input to ADAMS as shown in thegR2.3. By keeping the co-ordinate as the
input a marker is created in ADAMS as shown inRige2.4.

<Kinematics & dynamics of machinery
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Narne todel_1.ground. MARKER_1
« Location 95,026, 52.747,0.0
i
Location Al todel_1
oravity

Curve u
Curve Reference Marker
‘Tangem Velocity j ‘X 14 z
‘Onemahnn j\un‘uu‘uu
Orientation Relative To | .model_1
Solver ID 1
& oK | gy | cose |

Fig 2. 3 Marker creation using CATIA input

By keeping the marker as the reference and agytbend length is known from the
calculation as 73.5mm the other marker is creaedhown in the Fig(). By using these two

markers four bar mechanism is generated to thareshlink length as shown in the Fig().

A Marker Modify X

Mame [ .madel_1.ground. MARKER_4

P [735,00,00

€£<

Location Relative Ta ‘.mudelj

Curve [

Curve Reference Marker ‘
[Tangent velocity -] TR0l ke o

~|[00,00,00

|Or|ental\um

Orientation Relative To ‘ model_1

Solver D [4

Fig 2. 4 Four bar link creation in ADAMS

Fig 2. 5 Marker creation in ADAMS

2.6 Joints, Constrains &Motion for mechanism:
The four bar mechanism has four revolute jointshasvn in the Fig 2.6
1) Between ground crank
2) Between crank and coupler
3) Between crank and rocker
4) Between rocker and ground
2.6.1 Revolute joint:
The revolute joint has one degree of freedom whamable only to rotate about its axis.
The first joint between the ground and the craniks @rovided as the crank is rotated without any to

360 fixed to the pivoted point on the ground. The setrevolute joint is provided between the

<Kinematics & dynamics of machinery
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crank and the coupler as the crank rotates to@betBe coupler end connected to the crank will
also rotates to the 36€herefore it requires the revolute joint at tlasf. The next revolute joint is
between the coupler end and rocker end this isigiedvas for the input motion of the crank the
rocker end will be oscillating in the path of ragliThe last revolute joint between the rocker end
and ground this is provided as this end has togw@about its axis without translation about the

pivoted point for the input motion of the crank.

Revolute joint-2

Revolute joint-3

Rotational motion vy i Revolute joint-4
provided to the
joint

Fig 2. 6 Joints & motion for 4 bar mechanism

2.6.2 Rotational motion:

As the Grashof condition is satisfied by the liekgths and to obtain the crank and rocker
mechanism the crank is to be rotated to the® &€ rotation motion is given to the revolute joint
between the crank and the ground as shown in th.Bi As the motion is notion is not specified
the default value is taken for the motion 30 degfissxond
2.6.3 Constrain for wiper:

The link for wiper is connected to rocker of 25mength and the fix constrain is applied
between the rocker and wiper so that the wipeillaseito the same angle of the rocker as shown in

the Fig 2.7.

<Kinematics & dynamics of machinery
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Fig 2. 7 Four bar mechanism with wiper

2.7 Kinematic analysis carried out in ADAMS.:

,,,,,,,,

For the lengths obtained in synthesis, the kiretilysis is carried out for the mechanism in

ADAMS by considering the link as mass less linksl aonsidering the rotation motion as 30

deg/sec the default value is taken the wiper lemgttaken as 25mm. The results of the 4 bar

mechanism is plotted in graph are shown below.

2.7.1 Rocker’s angular velocity graph:

In the Fig 2.9 the rocker link’s angular velocityttme graph is shown. The angular velocity

is the rate of angular displacement of the rockbis shows the angular speed of the rocker and the

axis about its pivot position. In the graph Y-agiwws the angular speed and the X-axis shows the

time to complete one cycle.

<Kinematics & dynamics of machinery
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WIPER MECHANISM(4 BAR) GRAPH - ANGULAR VELOCITY VS TIME
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3
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o

=
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o

15.0 1
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o
o
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Fig 2. 9 Angular velocity to time graph

2.7.2 Comments on the result obtained:

» The crank initial position can be considered ast®@he frame of reference at which the

angular velocity of the rocker is 18.90 deg/sestasvn in Fig(a).

% Y: Slope M [ A RMS #of Point
120 18.9098 1.4503 00806 A32167, 158757, 19017 il

WIPER MECHANISM(4 BAR) GRAPH - ANGULAR VELOCITY VS TIME

w w » @
= ) e M
o n o n

Rocker's Angular Velocity (deg/sec)

7.5

0.0 il
0.0 25 5.0 % 10.0 125
Time in secondsfSec)

Fig(a) Fig(b) Fig(c)
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When the crank link and the coupler link becomdbnaar while the crank angle is 2880
the rocker reaches the maximum range as showmg(b)Rivere the angular velocity of the
rocker 0.030 deg/sec.
* When the crank link and the coupler link becomdbnear again while the crank angle is -
132.63 to the frame of reference the rocker reachesther end of the maximum range
were the angular velocity of the rocker comes @30.deg/sec.
* When the crank again reaches the intial positiolh®©Q@ the cycle completes were the
angular velocity is 18.90deg/sec.
» From the graph the time taken for the return stiskk60 seconde as the cycle time is 12
seconds the time for the forward stroke is 7.40seéc¢bere fore it comes under quick return
mechanism and the quick return ratio is 0.62.
2.7.3 Wiper’s displacement graph:

In the Fig 2.11 the Wiper link’'s displacement tark angle graph is shown. The wiper
displacement is the difference between the ing@sitions to the final position of the wiper with
respect to the rotation of the crank of 860 a cycle. In the graph Y-axis shows the Wiper

displacement and the X-axis shows the crank angiemplete one cycle.

Crank-rocker
i+l 7 p+qQ
[connuous motion )

Fig 2. 10 Displacement of Wiper[9]

<Kinematics & dynamics of machinery
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2.7.4 Rocker’s displacement graph:

TR,
Y Slope: | Min | Iax: | iy RMS: #of Paints | |
186577 oo 26195 1398972 103.7408 106:445 g

WIPER MECHANISM({4 BAR)GRAPH - ROCKER DISPLACEMENT Vs CRANK ANGLE

X
35028

— 140.0

130.0 1

Rocker's displacement Length (mm

70.0 T T -
0.0 100.0 200.0 300.0 400.0

Analysis: Last_Run Crank Angle in degrees (deq) 2012-04-16 15:08:56

Fig 2. 11 Displacement to Crank angle graph

2.7.5 Comments on the result obtained:

The crank initial position can be considered as t80the frame of reference at which the
position of the rocker 118.68mm when the crankimeadhe angle of 28.8@he crank link and the
coupler link becomes collinear and the rocker reache maximum range and completes the stroke
were the maximum displacement of 118.68mm. Whertthek reaches to the angle of 132.6&
rocker and the crank becomes collinear again tbhkeroreaches the maximum range of the other
end were the rocker takes the minimum displacerném.61mm in graph and while the crank
reaches the initial position of 9the cycle completes and reaches to the initialevaf 118.68mm.
Therefore from the graph the total displacemenrgndby the rocker is (118.68 — 72.61) = 46.07mm.
As the motion is to and fro oscillating motion wet ginusoidal curve per each cycle of the crank
rotation as shown in the graph.

2.7.6 Rocker’s angular acceleration graph:

In the Fig 2.13 the rocker link’s angular accelemato time graph is shown. The angular
acceleration is the rate of change of angular wglauf rocker. In the graph Y-axis shows the

angular acceleration and the X-axis shows the ton@mplete one cycle.

<Kinematics & dynamics of machinery

14



N
Coventry ) .
University MSRSAS - Postgraduate Engineering and Managemegtd&@nme - PEMP

aaaaaaaa

Fig 2. 12 Angular acceleration[10]

2.7.7 Rocker’s angular acceleration graph:

TR
Y. Slope Min: Maz: ey BME | #of Ponts:
1 1432 4511 | ooms | esewa | o4z | iessni | smi

WIPER MECHANISM(4 BAR) GRAPH-ANGULAR ACCELERATION VS TIME

(i
t4

@
=4
]

B~
£
=}

22.5 1

2
=}

5.0 10.0 15.0
Time in seconds (sec)

Rocker's Angular Acceleration (deg/sec™2)

Fig 2. 13 Angular acceleration to time graph

2.7.8 Comments on the result obtained:

The crank initial position can be considered ast80the frame of reference at which the
angular acceleration of the rocker is 1.43 ded/s&tcthe crank angle of 28.80the crank link and
the coupler link becomes collinear and the rockaches the maximum range and completes the
stroke were the angular acceleration reaches tmselé. And for the further rotation of the crank
the rocker takes the return stroke during this Wtinencrank reaches to the angle of 132 16@
rocker and the crank becomes collinear again thkeroreaches the maximum range of the other
end were the return stroke completes in betweesttio&e the rocker angular acceleration reaches
to the maximum of 66.63 deg/%eand at the ending of the stroke that is at thelcmngle of
132.68 again the acceleration of the rocker reachese®ttieg/set Then the forward stroke starts

<Kinematics & dynamics of machinery
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at the further rotation of the crank were the aaguacceleration is very less and it is gradually
reducing to 0 deg/séwhich takes more time than the time taken for fadagtroke which satisfies
the quick return mechanism.
2.8 Comparison of angular acceleration results:
The graph below Fig 2.14 shows the comparison efréisult of the three conditions. Were

Y-axis shows the angular acceleration and the X-alows the time to complete one cycle.
The result obtained for the lengths obtained bysthghesis.

A) The result obtained for the link length AB = 25mm.

B) The result obtained by changing the link length AB5Smm.

C) The result obtained by changing the link length-866.20mm.

| T ]

WIPER MECHANISM(4-BAR)-ANGULAR ACCELERATION VsTIME

S |
o

¥: Slope: Min: Masx: Ay RMS:
5.4328 71313 0.0262 26.7094 7.5877 9.8689

# of Points:
A01

N

70.0

60.0:
50.0i
40.0i
30.0:
20.0:

1004

0.0

Wiper's Angular Acceleration (deg/sec**2

Time in seconds (sec

Fig 2. 14 Angular acceleration comparison graph

2.8.1 Comments on the result obtained:

In the graph the curve A takes the maximum aca#ter than curve B & curve C as for all
the 3cases the cycle time is 12 seconds for theecduiand curve B were the link lengths are 30mm
and 25mm in the return stroke the acceleratiorashies the maximum and in return stroke the
acceleration gradually reduces and reaches toazetan forward stroke the acceleration is not so
high as in return stroke but slightly increases eme back to zero with more time. But in curve C
by changing the length BC the result obtained endhirve is in reverse to the previous cases of A
and B in curve C in the return stroke the accdlamagradually increases from zero to reaches back
to zero in more time of 8.5 seconds and for thernestroke though the graph reaches to maximum

it reaches to zero and the forward stroke complatekort span of time.

<Kinematics & dynamics of machinery
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2.8.2 Comparison of angular velocity results:
The graph below Fig 2.15 shows the comparison efréisult of the three conditions. Were
Y-axis shows the angular velocity and the X-axigvehthe time to complete one cycle.
A) The result obtained for the lengths obtained bysimghesis.
B) The result obtained by changing the link length ABSmm.
C) The result obtained by changing the link length-866.20mm.

i4 Y Slope: Ilin: Ilax: A RMS: # of Points
12.0 16.1423 -0.6037 0.0153 283961 12.6236 14.6728 501

Time in seconds(sec)

Fig 2. 15 Angular velocity comparison graph

2.8.3 Comments on the result obtained:

In the graph the curve A takes the maximum angedéocity than curve B &curve C as for
all the 3cases the cycle time is 12 seconds forctimee A and curve B were the link lengths are
30mm and 25mm in the return stroke the angularcitgloeaches the maximum and in return
stroke the angular velocity gradually increases again decreases reaches to zero the time taken
for the velocity change in forward stroke is morad aeturn stroke is less. But in curve C by
changing the length BC the result obtained in thwe is in reverse to the previous cases of A and
B in curve C in which the graph shows the time tat@@complete the Angular velocity in forward
stroke is equal to return stroke which doesn’t supihe quick return mechanism.

2.8.4 Comparison of wiper displacement results:

The graph below Fig 2.16 shows the comparison efréisult of the three conditions. Were

Y-axis shows the displacement and the X-axis sltbevgrank angle taken to complete one cycle.
A) The result obtained for the lengths obtained bysthehesis.

<Kinematics & dynamics of machinery
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B) The result obtained by changing the link length-AB5Smm.
C) The result obtained by changing the link length-B&5.20mm.

XI ¥ Slepa: hiln Ila: A RMS # n'r'P'mma
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X L Slape Min Max Ay RMS: #of Paints
3.165E-011 1166877 03178 57.3637 1250485 B8.3133 91.5266 506

WIPER MECHANISM (4 BAR)- WIPER DISPLACEMENT Vs CRANK ANGLE FOR BC=66.201mm
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100.0
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-400.0 -300.0 -200.0 -100.0 0.0

Analysis: Last_Run Crank Angle in degrees (deq) 2012-04-16 17:02:26

Fig 2. 16 Comparison of displacement result graph

2.8.5 Comments on the result obtained:

The wiper displacement graph is plotted againstdtank rotation angle were in the A-
graph for the crank length AB = 30mm the displaceimaf the wiper is (139.89 — 72.61) =
67.28mm. From the B-graph were the crank lengtbdsiced to AB=25mm the displacement of the
wiper is (118.68-79.74) = 38.94mm. As the resultexfucing the crank length the mechanism is
more of grashof condition and therefore the disgrtaent is reduced to the greater extent. From the
C-graph were the coupler length is changed were=B&5.20mm the displacement of the wiper
obtained is (125.04 — 57.36) =67.68mm from thisilte$n the C- graph the displacement is more
than the other two graph as the coupler lengtheisehsed the mechanism is closer to the non
grashof condition and therefore the displacememtase than A & B graph.

2.8.6 Conclusion:

By comparing the graphs of displacement, anguddooity and angular acceleration of the
three cases for the link length obtained in synghdsy changing the crank length AB and by
changing the coupler length BC the best resultiobthamong these is the link lengths constructed
with the values obtained from the synthesis medmanprovides the best result as even the
displacement value is slightly less than the valbiined by changing coupler length but since the
synthesis length supports the quick return mechariis better way than other results it is

considered as the suitable lengths for 4bar wipsghanism.

<Kinematics & dynamics of machinery
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PART-C

Dynamic analysis of shaft
3.0 Problem statement:

A 1.2 m long shaft carries three small 2.0-kg masgtached by mass less rods. The shaft rotates at
the constant speed of 1200 rev/min in 2 bearingsnfilite the forces RA and RB acting on the bearings.
Gravitational forces may be neglected. How do tireds RA and RB acting on the bearings changeeas th
mass of spheres and the angular speed at whiagmebbanism is turned is varied? How do you think the

forces RA and RB would change if the length ofttiree mass less rods were made longer than 0.2 m?

Consideration for calculation:
* The masses are rotating at the different planes.
* The central shaft is considered as mass less shatft.
» The masses are placed in equal distance and tightvedithe masses is same therefore the
masses are properly balanced.
* As the masses are properly balanced the forcasgamti the in the both the sides will be
same.
Given data:
Weight of sphere = 2kg
Radius of the hanging mass = 0.2m
Total length of the shaft = 1.2m

Distance between the planes = 0.3m

<Kinematics & dynamics of machinery
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Bearing force

m,

m,=m,=m;=2kg

Ih=r=r=02m

MASS
RADIUS ein LENGT mrL mrL
PLANE || (m)in mr mr CoSe mr Sine mrL
(r)inm degree H (L) Cose Sine
kg
A A R RA 0 RA*Cose RA*Sine 0 0 0.00 0.00
1 2 0.2 0.4 0 0.40 0.00 0.3 0.12 0.12 0.00
2 2 0.2 0.4 120 -0.20 0.34 0.6 0.24 -0.12 0.20
3 2 0.2 0.4 240 -0.20 -0.34 0.9 0.36 -0.18 -0.31
1.2RB* 1.2RB*
B B R RB 0 RB*Cos RB*Sine 1.2 1.2RB
Cose Sine
-0.18 -0.11

1.2RB = /(mrlsine)? + (mrlcose)?

1.2RB = /(—0.18)2 + (—0.11)2

RB =0.175

The force on bearing (F) = mf

2nN
= 60
_ 2xmx1200
®T T 60

w = 125.663 rad/sec

mreo? = 0.175 x 125.663

mreo? = 2763.45N

<Kinematics & dynamics of machinery
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we know RB = 0.175 therefore RB @0s 0.175 cos0 & RB sin= 0.175sin0
Substituting 0.175 for RB cesn mr cos & 0 for mr sire

We getRA = /(mrsine)? + (mrcose)?2

RA = /(0.175)2 + (0)2
RA =0.175

The force on bearing (F) = mf

_ 2zN
= 60
2xmx1200
®T 760

w = 125.663 rad/sec

mre? = 0.175 x 125.663
mre? = 2763.45N

3.2 Modeling in ADAMS:

* The model is created by creating 4 ground mark&m@listances from the origin.

» Creation of the mass less rod of length 1.2m.

» Creation of 3 ground marker at the co-ordinate3,{0.2), (0.6,-0.2) & (0.9,-0.2).

» Creation of the 3 mass less connecting the tworgtonarker created to the distance 0.2m
apart.

* Rotating and positioning of the mass less rod teapart.

« Creation of spherical masses at the ends of thas3 tess rod.

3.3 Constrains and joints for the model:

» Fix constrain is given between the 3 spherical emsasid 3massless rods of 0.2m.

» Fix constrain is given between the central massdbaft & 3 shaft of 0.2m connected to it.

* Revolute joint is given between the ground andctrdral shaft at the both ends.

* Rotation motion is given to the revolute joint ateoend were the function is given as
7200d*time.

As the rpm is 1200.

Rad _ 2mN
ad/sec = 0

<Kinematics & dynamics of machinery
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Rad/ 2xmtx1200
ad/sec = ———
60

Rad/sec = 125.6
deg/sec = 125.6 *(18f1)
deg/sec = 7200

« Changing the masses of the central shaft and bex 6t2m shaft as 0.05 in user input.

Fig 3. 1 Modeling in ADAMS
3.4 Results obtained from the ADAMS:

After running the simulation of model created iDAMS the result is measured at the
revolute joints which is provided between the cargéhaft and ground at the both ends were the
result of the magnitude is plotted and shown ingifagoh below in Fig 3.2 as the load is equally
distributed on the both the bearings as a resuistdnce from the masses to the bearing remains

same the graph remains same for the both the joints

<Kinematics & dynamics of machinery
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GRAPH SHOWING FORCE ACTING ON BEARING
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2768.25
0.0 1.0 2.0 3.0 4.0 5.0
Time in seconds(sec

Fig 3. 2 Graph showing force on RA & RB bearing

3.4.1 Comments on the result obtained:

As the 3 masses are rotating at the same rpm wilrbe variation in forces along y-axis
and along z-axis but there will be no forces wdldcting along the x-axis which is the central axis
of the shaft and the bearing. The resolved forceshown in the graph which is the magnitude of
the acting on bearing in the entire three axesthAsshatft is rotating at the 7200 rad/sec witha th
very short time the forces reaches to the maximadh ramains constant in graph it is shown in
straight line were the force reaches to the 2769.83d remains constant which is the force acting
on the bearing. As the masses are balanced propetlye masses are same and the radius is same
for all three shaft and the angle between thehalld masses remains the same we get the constant

force in the graph which indicates the masses amgeply balanced.

3.4.2 Comparison of analytical result and result:

Analytical result valud| Result from ADAMS Units variation in | Percentage of variatig
in Newton(N) in Newton(N) Newton(N) in results.

Table 3. 1 Comparison of result of analytical & ABIS

As the result obtained by the analytical has tgation of 0.22% which is very less and within the
accepted level which can be overcome by the faxfteafety. The result obtained from the
ADAMS is the forces acting on the both of the begsiconnected to the ends of the shaft.
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3.5 Result obtained by changing the mass to 1kg:
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........

For analyzing the result and to understand thecefif change in force in the bearing when

the load is varied the mass value is reduced friognt@ 1kg as shown in the Fig 3.3.

| ball2

Categaory ‘Mass Propetties

Define Mass By ‘User Input j
Mass| 1.0

lxx | 4.0845540484E-003 [~ OffDiagonal Terms
lyy | 4.0845940484E-003
lzz | 4.0845540484E-003

Center of Mass Marker |ha\l2 cm

Inertia Reference Marker |

ox_|_serly | goncel|
Fig 3. 3 Changing mass from 2kg to 1kg

3.5.1Results obtained from the ADAMS:

For the same lengths and the constrain of the hiydehanging the mass from 2kg to 1kg

from the graph the magnitude of the force actinghanbearing fixed at the both the ends of the
shaft 1401.76N shown in the Fig 3.4.

‘X: : ‘ : : ‘S\ope: T N’ImI =T M:‘:n{: T :’\vq: ‘”HIRMS‘
50 || 1 D?HE—DDSI 1401.7618 | 1401.7618 | 1401.7618 | 14017618
GRAPH SHOWING FORCE ACTING ON BEARING WHEN MASS= 1kg

# of Points
501

1403)

Bearing Force in newton({N)

1400.5
0.0

1.0 2.0

3.0

Time in seconds(sec)

4.0

5.0

Fig 3. 4 Force on bearing RA & RB mass = 1kg
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3.5.2 Comparison of result by changing masses:

The result obtained for the initial condition the given radius and the mass is shown in the
Fig 3.4 is 2769.38 and for the same radius and the same rpm by only changing the masses

from the 2kg to 1kg the result obtained is 1401.76N.

ADAMS result value | ADAMS result value
in Newton(N) — in Newton(N) —

Units variation in || Percentage of variatid

Newton(N) in results.
Mass = 2kg Mass = 1kg

2763.45 1401.76 638.31 50.72

Table 3. 2 Comparision of result by changing mas&g

3.5.3 Comments on the result obtained:

As the centrifugal force of the rotating shafisw? were the “m” is the mass, “r" is the

radius and &” is the angular velocity. As in this case the rodaken as mass less rods the
variables which affect the results are the masbefballs, radius of the shafts and the rpm of the
shaft. For the result shown in the graph in Fip8 only changes made among the ¢ifiris “m”
were the mass is reduced from 2kg to 1kg the vanah the mass is 50% and therefore the
variation in the forces acting on the bearing RA &8 is 50.72% .

3.6 Result obtained by changing the radius to 0.25m

For analyzing the result and to understand thecefif change in force in the bearing when

the radius is varied the radius value is incredisad 0.2m to 0.25 as shown in the Fig 3.5.

% x|
Cylinder Mame |.m0de|_1 PART_A.CY¥LINDER_4 |
Mew Cylinder Name |
Adams Id 4

Comments |

Center Marker | MARKER_11
Angle Extent |360.0

Length (0.25 meter)

Radius ~||20E-002

Side Count Far Body |20

Segment Count For Ends |2D

Ok | Apply | Cancel |

Fig 3. 5 Changing the radius to 0.25m in ADAMS
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GRAPH SHOWING FORCE ACTING ON BEARING WHEN LENGTH = 0.25m
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Fig 3. 6 Force on bearing RA & RB (radius = 0.25m)

3.6.1 Comparison of result by changing lengths:

The result obtained for the initial condition the given radius and the mass is shown in the
Fig() is 2769.38l and for the same masses and the same rpm by only changing the radius from
the 0.2m to 0.25m the result obtained is 3453.12N.

ADAMS result value || ADAMS result value

_ _ Units variation in | Percentage of variatig
in Newton(N) — in Newton(N) —

Newton(N) in results.

length = 0.2m length = 0.25m

2763.45 3453.12 689.67 19.97

Table 3. 3 Comparison of result by changing lergth25m
3.6.2 Comments on The result obtained:
As the centrifugal force of the rotating shafinisw? were the “m” is the mass, “r’ is the
radius and &” is the angular velocity. As in this case the rodaken as mass less rods the

variables which affect the results are the magb@ialls, radius of the shafts and the rpm of the

shaft. For the result shown in the graph in FigBé only changes made among the éifiris “r’

were the radius is increased from 0.2m to 0.25mvr&tion in the length is 20% and therefore
the variation in the forces acting on the bearidgeRd RB is 19.97% .
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3.7 Result obtained by changing the rpm t01000:

For analyzing the result and to understand thecefsf change in force in the bearing when

ity MSRSAS - Postgraduate Engineering and Managemegtd@mme - PEMP

the rpm is varied the value of rpm is reduced fa80rpm to 1000rpm as shown in the Fig 3.7.

As in the ADAMS the value of rpm is given in deg/ghe 1000rpm is converted into the deg/sec

by:
As the rpm is 1000.
2nN
Rad/ sec = %0
2xmx1000
Rad/ sec = 0

Rad/ sec = 104.66
deg/sec = 104.66 *(18M)

deg/sec = 6000

MName W
Joint ,W
Joint Type W
Direction ’m
Define Using ,m
Function (time) ,WJ

Type Displacement -
Displacement IC
Welocity 1T

0K | Apply | Qancel|

Fig 3. 7 Showing change in rpm in ADAMS
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Fig 3. 8 Force on bearing (rpm = 1000)

3.7.1 Comparison of result by changing rpm:

The result obtained for the initial condition tbe given radius, mass and the rpm is shown
in the Fig() is 2769.38 and for the same masses and the same radius by only changing the
rpm from the 1200rpm to 1000rpm the result obtained is 973.44N.

ADAMS result value || ADAMS result value
in Newton(N) — in Newton(N) —
rom = 1200 rom = 1000

2763.45 973.44 1790.01 64.77

Table 3. 4 Comparison of result by changing rpmGgL0

Units variation in || Percentage of variatid

Newton(N) in results.

3.7.2 Comments on The result obtained:

As the centrifugal force of the rotating shaftisw? were the “m” is the mass, “r" is the

radius and &” is the angular velocity. As in this case the rodaken as mass less rods the
variables which affect the results are the maghemalls, radius of the shafts and the rpm of the
shaft. For the result shown in the graph in Fig@ only changes made among the ¢ifiris “w”
were the angular velocity is increased from 720@eto 6000rad/sec the variation in the angular
velocity is 16.66% and therefore the variatiorihia forces acting on the bearing RA and RB will

2

be in the form of square as it i@“” therefore the variation in the result is 64.77%.
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3.8 Conclusion:

When the rotating masses are properly balancedotices on bearing will be increasing
with the increasing of masses, increase in radingsiacrease in rpm similarly the force will be
reduced while decreasing any of the three paranhbetieout of these a slight variation in the rpm
results in the tremendous change in the bearirgg $or
4.0 Learning outcome:

The module introduces different types of mechasiamd their inversions and their relative
motion of those mechanisms. The various typesiafgand their degree of freedom and were to
incorporate those joints in mechanism Grueblersagign to find the degrees of freedom of a
mechanism, four bar mechanism Grashof, non-Grashofransient conditions of four bar
mechanism and finding the displacement, velocity aoceleration of four bar mechanism using
graphical and analytical method. In linkage synthe=lculating the link lengths in four bar
mechanism ware covered in kinematics part.

In the dynamics part, the basics of dynamics #meous laws governing the dynamics, the
static force analysis of the slider crank mecharésm dynamic force analysis of the slider crank
using analytical and graphical method, comparisbibaih the results and interpretation of the
results. Balancing of rotating masses in same péareein different planes using analytical and
graphical method. Balancing of reciprocating massed the concept of partial balancing was
covered in the module. Using the ADAMS 2010 sofevéire various kinematics and dynamics

related problem was solved in lab session.
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Specifications and Characleristics of Various Types of Intermittent Motion Mechanisms

Risio
Mechanism Degree of Control Over:
(ffers lielted
Methanical | Components | Delative | Motion | Dwell-Motion | IsImpact | Is Jork Diseussed in
Typeof Mechanism | Neliahility | Advantage | itequirad Kite (uirves Ltatio Present? Present Chapter
mpulse ralchet Giood No Switehor | Small Poor Iigh Yes Yes i
ke
cirenits
am ralchet Good to A little Nune Bmall tu Fuir Poar A little Probahly 7
excellent miderale
Uam Excellent A little Nune Hmall Fxcellent Fair N Can ba 8
large avoided
nstrument Genevas | Good No Nune Very small | None None Yes Yes 0
{exlernal)
Plachine Ueneva Laxeellent No Nune Moderate None None A little Yoy g
{external)
Tutilated gearing | Fair to good | A little Nune Srmall None Fair Y Yes 10
yehidal gearing Fair o good | Alittle Nune Muderate | Puor Paor No N 10
ifferentinl Exeellent Yes Clutehes Moderste to | Poor Poor No No 10
Eearing (somelimes)|  large
lock and wateh | Excellent | Veryhigh | None Very small to| None None Yeu Yes 1l
escapements (tuned) simall
lachine eseapement | Good Yes, bigh | Control sole- | Snall None High Yes, high | Yes 12
tioid & drive
cireuild of
eontrol shaft
fuverse escapement | Fair No Drive eircuits| Small None High Yes Yes 12
Cluteh-brake systems | Fair to good | No Control Moderaté to | Fair High With some | With most 13
cireuits large lypes types, yos
flep molor Fair to good | No Drive Moderste | Fuir High No No 14
tireuits
tar wheel Excellent | No None Small to Fair Poor Alitle | Yes 15
moderate
foll cam Good Yes Bolenotd and | Small to (Good High No No 15
drive moderate
clreuits
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i Designed to
Tun &t Fixed
Input Displacement Number of Output Dwells | (Synchronous)
Output o Variable | Input-Output
Typeof Input | During Output| During Qutput|  Displscement|  Per Output Per Input | (Asynchronous) Fl'mllel ot
Type of Mechaniam | 1o Mechunism Dwell Motion per Motion | Revolution Revolution ltate Right Angle
Impulse ratehet Flectrieal pulses| 5* to 30° 5o 30 1"t 45° B to 380 DA Either DA
of eam Joaded
£pring
Cam ratehet Hotating eam | 90" to 300° | 60° 0 210° | 0.1°W00° |4 tohundreds | 1to2 Fixed Parallel
Cam lotating shalt | 00"t 300° | 0% to270° | 00 200" |1tod ITH Fixed Fither
Instrument Genevas | Holating shalt | 200° 10 270" | 160° 0 00° | 20"t 00 {108 1ol Fixed Parallel
{external)
Machine Ceneva Rotating shaft | 200°t0 270° | 160°t090° | 20°to 00° {08 12 Fixed Parallel
{external)
Mutilated gesring Rotating shalt | 10° to 350° 10° to 350° 10°tomany [ 1tod6 1o Fixed Parallel
turns
Cycloidal gearing lotating shaft | Few degrees | 80" to 360" | 30 tonearly | 1t012 1o 12 Fiaed Parallel
(theoretically 360°
0%)
Differential Tworotating | 0*tomany | Fractionsof o | Fractionofa | Oneto One to Fised Either
gearing shafls burns degren o degre lo hundreds hundreds
many turng | hundreds of
legreis
Clock and watch | Stalled rotating | 0° 0°0 30" | 10°t030° 121036 12 to 36 Fixed Paralle
escapements (tuned)|  shalt
Machine escapement | Itotating shaft | Few degress to| Few degrees to | Few degrees to |1 to 100 Fraction of one| Varishle | Poralel
many (uFis | many lurms | many furos fo 100
[nverse cscapement | Molabing shaflt | 5 to300° | 510 180° | #1060 10 90 DA Voriable | Parallel
of elecirical
pules
Clutehi-brake systems | lotating shaft | Partial revolu= | Partial Hevoli=| A few degrees to| One to One fo Viriable Mostly
tion to many|  tion to many| many reve- | hundreds hundreds parallel
revolulions revolutions lutions
Slep molor Electrical pulses| 1A, 1A, 0.9 180° |2l 400 DA, Fither 1A,
Btar wheel llotating shaft | 30° to 300° | 60° W SN° | 60° o 360° 18 13 Fixed Parallel
Loll eam lotating shaft | 180° o many | 30°tomany | 30°todO0° |1l L2 1o Varisble | Parallel
%
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