Mechanics Assignment

by Lee Wellington

Submission date: 15-May-2020 12:11PM (UTC+0100)

Submission ID: 127753075

File name: 15632_Lee_Wellington_Mechanics_Assignment_177944 _1137048343.docx (3.49M)
Word count: 1770

Character count: 9086



Thermofluids and Applied Mechanics
(Applied Mechanics element)

Lee Wellington — LW094662

Assignment 1 — Complex Static and Dynamic Systems.




Table of Contents

TaDIE OF CONMTEITS . ... ce e e cee et e eee e 2e2eses ee e eee eememae2smee e ern e esmrm e ea 2smeeream s e msan eemnens
List Of FIiUres & TabLes ....c.cocevueie i e e e e e s e s e e sre e s s s e as e e s meens
QUESTION 1 .oceieeeie e setas e se e ete e e aea e aesae e saeessae sa e sesssassaeen saeenee sn s aesnsamansenesean s aesssaennsen snearnnes
QUESTION 2 ..ot e e e e e eae e eee e e eeme e em e em e e emea emean o 2 mme e eemmsae sem e e emsmnseem s menon
QUESTION 3 ..ttt e eetaseerte e see s e aeaaeass e e saeesen easeassaeere e ensen onen sansarsaeers s ensen snnsamsmeernne snnen on
QUESTION 4 ..ot et rte e see e e aeeaeaes e e saeesen saseassaeers e ensan onen sansasaeers s enen snnsassmnerane snnen on

QUESTION 5 <ot et et et eee e et em e e emea emeae a2 mme e e emms e sm e e emsmnsemnmanmenen

BIDHOZIAPRY ..ottt et e st e sttt e st e e s e e aen e eae e an s

1lPage

.37

.. 8-11
. 12-13
.. 14-18

.. 18-21
RETETEIICES ... et et ettt e et et et e et e e san a2 ss emsn e oo 4 es en st 42 2es s em mae a4 2as mm s an s an ansnnne

.21
.22




List of Figures & Tables

Figure 1 — Additional Mass Added to Wheel ...
Figure 2 — Static Imbalance Vs Dynamic Imbalance...........cco.ueeveviiieieir e e e e

Figure 3 — Diagram of Balancing Rig...

Figure 4 — Final Arrangement to Give Statlc & Dynarmc Balance

Figure 5 — Main Elements of Epicyclic Gearbox...

Figure 6 — Example of a Complex Epicyclic Gear Traln
Figure 7 — Diagram of Gear TTain .........ccoeovieeie e e e et e e s e ese e e en e s

Figure 8 — Diagram of Lifting Device ..
Figure 9 - High Pressure Pipelines.... .
Figure 10 — Thick Walled Pressure Ve'i'iel
Figure 11 — Diagram of Steel Pipe....

Figure 12 — Radial Stress Variation Proflle
Figure 13 — Circumferential Stress Varlatlon Proflle
Figure 14 — Diagram of Shaft ........ccooe it s er e

Table 1 - MRL Table...

Table 2 — Gear Ratios th:n Sun is leccl

Table 3 — Gear Ratios When Ring is leed .

Table 4 — Gear Ratios When All Gears Are Free to Rotate
Table 5 — Task 2 Gear Ratios... .
Table 6 — Radial and Clrcumferentlal Stre'iqe'i

2IPage




Question 1
Task A

Balancing is an important factor when considering the operation of a rotational device as it can
eliminate unwanted characteristics such as vibration and noise. These detrimental attributes
can affect the efficiency and safe operation of a system and in some severe cases even cause
premature failure due to fatigue. From converting Newton’s second law of motion (F = ma)
into angular form (F = mw?r) it is evident that the centrifugal force produced through rotation
is directly proportional to the angular velocity squared. Meaning the effects of an unbalanced
force will be more severe the faster a system rotates. To reduce the effects of imbalance it is
advantageous to counteract any ‘out of balance’ forces by deliberately adding additional mass.
A simple example of this is when a car wheel is balanced and extra mass is added to a specific
point on the wheel rim as shown in figure 1.

Figure 1 — Additional Mass Added to Wheel

(Plombco, 2020)
The two main types of balancing that can be achieved in rotational motion;
1. Static Balancing
Static balancing occurs when all masses acting on a rotating shaft are positioned on the same
plane. To achieve complete balance in this scenario the sum of the centrifugal forces must equal
zero (X mo’r = 0). When completely balanced the centre of mass will be positioned in the axis
of rotation.
2. Dynamic Balancing
Dynamic balancing occurs when the masses acting on a rotating shaft are positioned at different
planes along the shaft. This non-coplanar scenario requires the sum of the centrifugal forces to

equal zero (£ mw’r = 0) in addition to the sum of the moments also equalling zero (£ ma’r *
L =0).
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Reasonable description of basic theory but limited consideration of practical considerations.
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Figure 2 — Static Imbalance Vs Dynamic Imbalance

Weight Distribution Axis Rotational Axis__ Weight Distribution Axis —-__""_,"

spot

. Rotational Axis

(XYO BALANCER .COM, 2011)

Balancing is of particular importance when designing high speed rotating or reciprocating
components for the following machinery;

e Engines

e Pumps

e Fans

e Compressors
Task B

An experimental balancing rig consists of four discs A,B,C and D mounted on a rotating shaft
as shown in figure 3.

Figure 3 — Diagram of Balancing Rig

| 0.5m | 0.5m 0.5m
|

0.6kg Me=0.3kg
120mm Re=120mm
0:=0° Bc=120

Ma=? Mo=?
Ra=100mm Ro=80mm

Ba=7? Bo=7?

From extracting key information, the following MRL table was created.
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Table 1 — MRL Table

Plane | Mass (kg) | Radius (m) MR (kgm) L (m) MRL (kgm?) ]
A Ma 0.1 0.1 Ma 0 0 0a
B 0.6 0.12 0072 05 0.036 0
C 03 0.12 0.036 10 0.036 120
D Mb 0.09 0.09 Mbp 1.5 0.135 Mp 6o

To determine the magnitude and angular position of masses A and D (relative to mass B) the

following calculations were performed.
Step 1 — Balance the Moments

Horizontal Components (—)

0.036 cos(0) + 0.036 cos(120) + 0.135MD cos(#D) = 0

0.036 + (—0.018) + 0.135MDcos(fD) = 0

0.135MD cos(#D) = —0.018
o 0.018
MD cos(#D) ——
0.135
MD cos(6D) = —0.13333

Vertical Components ( T )
0.036 sin(0) + 0.036sin(120) + 0.135MD sin(#D)
0+ 0.03118 + 0.135MDsin(#D) = 0
0.135MD sin(0D) = —0.03118

—(.03118

MDsin(fD) = =
0.135

MDsin(#D) = —0.23096

-0.13333 O
b : —
o tan(f) A
~, —0.23096
SO =tan (———
—0.13333"
-0.23096 H = 60°
0D = 60 + 180
fD = 240°
v
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From substituting 6D = 240° into equation 2.
MDsin(240) = —0.23096
MD(—0.86603) = —0.23096

—0.23096
0.86603

MD =

MD = 0.267kg (3dp)

Step 2 — Balance the Forces
Horizontal Components (—)
0.1MA cos(fA) + 0.072cos(0) + 0.036 cos(120) + 0.02403 cos(240) = 0
0.1MA cos(fA) + 0.072 + (—0.018) + (—0.01202) = 0

0.1MA cos(#A) = —0.04198

. 0.04198

MA cos(fA) = ———
0.1

MA cos(fA) = —0.4198

Vertical Components ( T )
0.IMA sin(AA) + 0.072sin(0) 4+ 0.036sin(120) + 0.02403sin(240) = 0
0.IMA sin(#A) + 0 + 0.03118 + (—0.02081) =0

0.1MA sin(fA) = —0.01037

—0.01037
0.1

MAsin(fA) = —0.1037 4@

. O
tan(f) = —
(6 A

MA sin(#A) =

-0.4198
P 1, —0.1037
" Co0=tan (———)
0 —0.4198
-0.1037 ;
f = 13.887 (2dp)
v

So0A = 13.88 + 180
A = 193.88°
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From substituting 6A = 193.88° into equation 2.
MAsin(193.88) = —0.1037
MA(—0.23989) = —0.1037

—0.1037
MA= ———
—0.23989

MA = 0.432kg (3dp)

Figure 4 — Final Arrangement to Give Static & Dynamic Balance

Mc = 0.3kg
Rc =120mm

Me = 0.6kg

73.88° Re=120mm

Ma = 0.432kg
Rs = 100mm

Mo =0.267kg
Re =90mm
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Question 2
Task 1A
A typical epicyclic gearbox consists of the following main elements shown in figure 5.

Figure 5 — Main Elements of Epicyclic Gearbox

Sun Gear

Carrier

<+— Gearbox
1

Task 1B

Sun Gear — As the name suggests the sun gear is the central gear that meshes with one or more
planet gears.

Ring (Annulus) Gear — The ring gear which also referred to as the annulus is an outer ring with
internal gears that mesh with one or more planet gears.

Planet Gears — Planet gears are typically held by a carrier and fit between the ring gear and the
sun gear. Planet gears can rotate about their axis independently whilst orbiting about the sun

gear.

Carrier — The carrier primarily keeps the planet gears evenly spaced apart. It can also be used
as a form of input or output if connect to a main shaft.
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Task 1C

i). When the arm on a standard epicyclic gearbox is fixed there is no orbiting motion therefore

the gear ratio can be derived from simply dividing the number of teeth on the ring gear by the
number of teeth on the sun gear.

Number of Teeth on Ring Gear (R) .]
Number of Teeth on Sun Gear (S) ’

G.R = B
)

Gear Ratio =

Therefare, if the sun gear was the input and the ring gear was the output.

Sun Gear (Input - Anticlockwise) : Ring Gear (Output - Clockwise)
-(R/S) : 1

ii). When the sun is fixed the following expressions can be derived to identify the gear ratio
achieved.

Table 2 — Gear Ratios When Sun is Fixed

Ring Gear Planet Gear Sun Gear Carrier (arm)
(fixed)
Rotate whole
train +1 +1 +1 +1
+1 revolution
Fix arm and
rotate fixed gear 1.(S/R) 1.(S/P) -1 0
-1 revolution
Add 1”‘2"5 Iand 1+(S/R) 1+(S/P) 0 1

iii). When the ring is fixed the following expressions can be derived to identify the gear ratio
achieved.

Table 3 — Gear Ratios When Ring is Fixed

Ring Gear Planet Gear Sun Gear Carrier (arm)
(fixed)
Rotate whole
train +1 +1 +1 +1
+1 revolution
Fix arm and
rotate fixed gear -1 -1(R/P) 1.(R/S) 0
-1 revolution
Add 1”‘;’5 Iand 0 1-(R/P) 1+(R/S) 1
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Task 1D

When all gears are free to rotate the following expressions can be derived to identify the gear
ratio achieved.

Table 4 — Gear Ratios When All Gears Are Free to Rotate

Ring Gear Planet Gear Sun Gear Carrier (arm)
Rotate whole
train +m +m +m +m
+1 revolution
Fix arm and
rotate fixed gear -n(S/R) -n.(S/P) +n 0
-1 revolution
Add lln;:s }arid m-n.(S/R) m-n.(S/P) m+n m
Task 1E

Epicyclic gearboxes are typically ‘used in various automobiles running under Automatic
Transmission’ (Mechanical Students, 2020) as they have the ability to provide high ratios in a
much more confined space in comparison to standard gear trains. As previously demonstrated
the planetary arrangement enables various gear ratio combinations to be achieved depending
on the chosen input, output and constraints. Due to the multiple gears involved, epicyclic gear
trains provide a much more balanced transmission that can bear high loads.

Task 1F
An example of a complex epicyclic gear train can be seen below in figure 6.

Figure 6 — Example of a Complex Epicyclic Gear Train

| =)

- - == - ==
%ﬂ

- - P
- - =

u u

- - = - - - - -

P -
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As shown in figure 6 the gear train uses compound gearing to create multiple planetary stages.
From having 2 gears mounted on the same shaft the output of the st planetary stage can
become the input for secondary stage. This enables very large gear ratios to be generated using
relatively small gears. If the same gear ratios were to be produced using standard gearing, then
much larger gearbox with large gears would be required.

Task 2

Figure 7 — Diagram of Gear Train
To=50 Tc=200

Table 5 — Task 2 Gear Ratios

Line No. | Action A B C/D E
| Rotate Whole
Train +1 Rev + + + *
2 Fix Arm & 50 50
Rotate Fixed 0 -1 +1=1<(§0 1 (55) (555
Gear -1 Rev
3 ;&dd Lines 1 & | 0 125 0.9375

Gearbox Ratio=09375:1 or 15:16
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Question 3

Figure 8 — Diagram of Lifting Device

Assumptions
B Motor Torque = 104Nm Question does not consider frictional torque
Motor Efficiency = 85%
(Gearbox} A Mator Efficiency (n) = Actual Torque
IB =25 Kgm2 Theoretical Torque
T8 =30 {motor) Actual Torque = 104 * 0.85

Actual Torque = 88 4Nm

la=0.04 Kgm2
Ta=1

Equations
= Power = Torque * Angular Velocity
* Torque = Moment of Inertia * Angular Acceleration

* Velocity = Angular Velocity * Radius

+ Acceleration = Angular Acceleration * Radius

To calculate the vertical acceleration of the load (neglecting mass of cable) the following
calculations were performed.

Twy = (Ha*aq)*wy)+ ((Ug*ag)*wg)+ (m(g+a)*rg +wpg)

@ a a 30

— e = — f— T E

“n r B 0.4 Therefore o (U.-l) ( 1 )
a 30 a _

[8.d*w,y = {0.04*{m*T}*;~'ﬂ) : (25*(m)w;;3) H(500%(9.81+a)*0.4%wpg)
Now
wp Tx wp 1 1
— = — — = Wp = — %W
WA Tr WA 30 Therefore b 30 4

88.4 4wy = (0.04 » (0% * ?) *f] + (25 + (i) * (31—0) *wi) + (500 + (9.81 + a) #0.4 + (31—0) * ]

: a 30 a 1 ) 1
8384 = (0.04# (—* —)) + (25— — )+ (D00 (9.81+a)*x0.4%(—
(004 (2% 2))+ (255 () + (55)) + (500 (9814 @) 4045 (1))
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. 1. i ) P
88.4 = (0.04 = Tha) + (2D * (2.0a * E)] (500 % (981 + a) * 0.4 = Q%])

885.4 = 3a + 2.083a + 65.4 + 6.667a

88.4 —65.4 = 11.7Da

0= 1.96111,-"52 (2dp)
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Question 4

Task A

To determine the difference between a thin and thick cylinder the wall thickness must be
considered. For a thin cylinder ‘the wall thickness is less than 1/120™ of tube or cylinder
diameter’ (The Engineering Toolbox, 2020). Subsequently for thick cylinders ‘the wall
thickness exceeds 1/120" of the diameter’ (Freestudy, 2020). Examples of thick cylinders are;

Figure 9 - High Pressure Pipelines

(Oli Quip Limited, 2020)

(CN Asia, 2020)
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Typically, the radial stresses on a thin walled cylinder in comparison to the longitudinal and
circumferential stresses are negligible therefore they are neglected. However, when designing
thick cylinders, the radial stresses are more significant therefore they must be considered.
Additionally, the stresses are deemed constant across the thickness for thin cylinders however
for thick cylinders they are considered variable.

Task B

Figure 11 — Diagram of Steel Pipe

Inside@ =30mm

Ta - Outside @ =120mm
5MPa p y
Fi=0.015m
fo=0.06 m
—> «— 12MPa —— —
\ Pi =12 MN/m?
N Po=MN/m?
b// \\
) Or=a-b
v\ I’2
Oc=a+bh
A
rZ

Apply Boundary Conditions
When;

r=0.015m or = —12 1\1‘\_?-"111j
r = 0.06m or = —5 MN/m?

Therefore;

b
0.0152

_ o I'l
x10” =a— —— —O

—12x10°% = a —

0.062

From equation 2

“5x10% = a — 277.778b

TS
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a = —5x10° 4+ 277.778b
Substitute into equation |
—12x10°% = —5x10% + 277.778b — 4444.444b
—12x10° 4 5x10° = —4166.666L

—7x10°
1166.666

b = 1680.00 (2dp)

Therefore;

1650

~5x10% — a4 — ‘
0.062

a = —4533333.333

To calculate the circumferential stresses
1680

—4533333.333 + —
0.0152

2
I

aci = 2.933 MN/m? (3dp)

1680

ogco = —4533333.333 + ——
0.064

aco = —4.067 .\1[\';"1112 (3dp)

®

Table 6 — Radial and Circumferential Stresses

or (MPa) oc (MPa)
0.015 -12 2933
0.06 -5 -4.067
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(ii)

Figure 12 — Radial Stress Variation Profile

MPa | or .
N\

N
\
\
—__ .\‘-.
S '\\
‘\\\\\ II‘II
\ |
|
|
0.015 0.06 Rad (m)
57 yZ v 17 -5 MPa
- i /
,/'f:
’ /
/
-12 ' /
-12MPa
Mpa | or e
Figure 13 — Circumferential Stress Variation Profile
e \\
\
\
\
TT—2.933MPa \
\\ \
2.933 — N4 \
\\\ e IIII
|
I i |
0.015 <] l 006  Rad(m)
-4.067 ya Tt 4.067MPa
f
~ ..l"
— ,.r"
/
/'/
,//
MPa ' oc _____//
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Question 5

Figure 14 — Diagram of Shaft

@3 = 30mm (r3 =0.015 m)
$1,2 = 45mm (r1,2 = 0.0225 m)
Alsoinside diameter of section 1,2 = 35mm

1000 N-m

T3=-415
9 T2=-415+1240= 825
2, T1=-415+1240-1000 = -175
(7
415 N-m
';ON f’// D
O)f)? 3/—"’!
From;
T 7 Gf
J r L
The maximum stress in each section can be calculated using;
Tr
T=—
J
Section 3
T I — nD’
3 JS J3 — 39
1415+ 0.015 ™+ 0.03"
S Jy ="
7.95x10% 32
73 = 78.302 MN/m? (3dp) Jy = 7.95x10°% m* (2dp)
Section 2
Tory aD*  zD?
Tg = Jy=—— —
J2 32 32
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_ 825%0.0225 LT 0.045"  70.035"
2T T 255x107 D 32
75 = 72.794 MN/m?* (3dp) Jy = 2.55x10° 7 m* (2dp)
Section 1
Tir

1T Jy = Jy

175 % 0.0225
T 25107

71 = 15.441 MN/m? (3dp)

i) Maximum stress occurs in section 3 (78.302 MN/m?)

ii) Calculate angle of twist of each section using;

TL
=
JG
Section 3
J3@
by — 415 % 0.2

7.95x10% % THx 109

f; = —0.01392 Rads (5dp)

Section 2
Tols
by = —
JoG&
825 % 0.4
ty = =

fly = 0.01725 Rads (5dp)

Section 1
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Tl
.){|(l'

175 % 0.9

2.55x10-7 % 75x 109

b

0, =

) = —0.00824 Rads (5dp)

iii) Angle of rotation of D relative to A

Oy — 04 = —0.00824 + 0.01725 + (—0.01392)
Op — 04 = —0.00491 Rads

Converted to degrees

—0.00491
&l

”” —r (}1 = —().28" {'.Zr."p}
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