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QUESTION 1: KINEMATICS

11

1.1.1
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8 km/h

48 km/h

Y VC = 8sin 154° + 48 sin 225°
= —30,434km/h
= 30,434 km/h Southv’

> HC = 8cos 154° + 48 cos 225°
= —41,132 km/h
= 41,132 km/h Westv

R = /30,4342 + 41,1322
= 51,167 km/hv’

. _1,30,434
¢ = tan (41,132)

= 36,498°V

< R =051,167 km/h,W 36,498° S
OR
R =51,167 km/h,S 53,501° W v/

ALTERNATIVE

8 km/h

48 km/h
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R =b= a2 +c?—2accosB
= /482 + 82 — 2(8)(48) cos(109)
= 51,167 km/hv

sinA _ sinB _ sinC
a - b c
. asinB
sinA = >
g 8sin 109
sinA =
51,167

= 0,148V

A =8,501°V

8 = actual angle = 45° + 8,501° = 53,501°v

~ R =51,167 km/h,W 36,498° S

OR
R =51,167 km/h,S 53,501° W v (5)
112 S =Vt
=51,167 x 5
= 255,835 kmv’ (1)
1.2 g = 30°
V =400 m/s

1.2.1 S _ u'sin’f
vertical — 29
__ {400sin 30°)?
- 2x9,8
= 2040,816 m
= 2,041 kmv’

ALTERNATIVE

vi-u?
S =
2g
02—-(400sin 30°)?
2x9,8

= 2040,816 m

— YA Ve S
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122 S __ u*sin26
vertical — g
__ 400%sin(2x30°)
- 9,8
= 14139,190 m
= 14,139 kmv’
ALTERNATIVE
Shorizontal = Vhorizontat X U , butt =2 X thaxn
usiné
I‘:maxh = g
__ 400sin30°
- 9,8
= 20,408 secv’
Shorizontal = 400 cos 30° X 2 X (20,408)
= 14139,077 m
= 14,139 kmv’
@x2) (4
1.3 Ve = 120km/h
Vm = 125 km/h
B =120 km/h
M =125 km/h
Stop M and change its direction
B =120 km/h
M EA25 km/h

F 3
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> VC =120sin45° + 125 sin 180°
= 84,853 km/h, northv’
> HC = 120 cos45° + 125 cos 180°

= —40,147 km/h
= 40,147 km/h, Westv’
N
A
84,853 k/h
W E
= 40,147 km/h
S
R = /84,8532 + 40,1472
= 93,871 km/hv
0= tan_1(84,8?1)
40,147
= 64,68°v
=~ Velocity of M relative the velocity of B = 90,871 km/h, E64,68°S
OR
90,871 km/h, S 25,32° Ev
ALTERNATIVE
B =120 km/h
M =125 km/h
R = J1202 + 125° — 2(120)(125) cos(45)v
= 93,871 km/hv
sinf _ sin45°
120 93,871
# = sin~1(0,904)v
= 64,68V
~ Velocity of M relative the velocity of B = 90,871 km/h, E64,68°S
OR
90,871 km/h, S 25,32° Ev 1R\
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QUESTION 2: ANGULAR MOTION

2.1 D
2.2 B
2.3 A
2.4 C
4x2) 8]
QUESTION 3: DYNAMICS
3.1 u =30 km/h = 22,222 m/s
V=0m/s
S=40m
m = 1000 kg
3.1.1 vZ =u? + 2aS
0= vz_uz\/
25
__0%2-22,222%
2x40
=—6,173 m/sv
3.1.2 F=ma
= 1000 x 6,173V
=-6173 N
= 6,173 kNv'(Opposite direction)
(2x2) (4)
3.2 V =100 km/h = 27,778 m/s
U=0m/s
M =800 kg
t=8s
3.2.1 V=u+at

27,778 = 0 + a(8)

27,778

8
= 3,472 m/s*v

S=ut+ %atz
= 0(8) + 0,5(3,472)(8)?
= 111,104 mv’

W=Fxs
=280x 111,104

— 21100 1D T A A4 40N 1 LS
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3.2.2

3.2.3

3.2.4

325
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W = (mgsinf) X s

= [800 X 9,8sin(30°)] x 111,104v

= 435527,68 ]V
= 435,528 K]

Fa=ma
=800 x 3,472
=2777,6 NV
=2,778 kN

W=Fxs
=2777,6 x 111,104v
= 308602,4704 J
= 308,603 kdv’

Fup — Fdown = ma

F — 280 — 800x9,8xsin(30°) = 800x3,472v

F = 2777,6 + 3920 + 280
= 6977,6 N
= 6,977 kNv

p=Z

t
6977,6X3,472
= i ey

8
= 96904,9088 Wv’
= 96,905 kW

(@)

(3)

(2)
[17]
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QUESTION 4: STATICS

4.1 411

v'v

4.1.2
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30 kN 40 kN

5 kN/m

Taking moments about D

40 kN

3 clockwise moments = Y anticlockwise moments
(40x 1)+ (Bx6)=(40x1)+(30x7)+ (30 x4)v

B = 55 kNV
Taking moments about B

Y clockwise moments = ) anticlockwise moments
(40x7)+(40x5)+@B0x2)=@B0x1)+(Dx6)Y

D =85kNv
OR

Y. Upward Forces = Y, Downward Forces

B+D=40+40+30+30Vv
49,167 + D =125
D =85 kNv

BM at A (from the left)
= (-30x1) + (-5x1x0,5)
=-32,5 kNmv’
OR
BM at B (from the right)
= (-5x5x2,5) + (-40x5) + (85x6) + (-407)
=-32,5 kNmv’

BM at C (from the left)
(-30x6) + (55x5) + (-5x6x3)
5 kNmv’

OR
BM at C (from the right)
(-40x2) + (85x1)
5 kNmv’

BM at D (from the left)
= (-40x1) + (-5x6x4) + (-30x7) + (55x6)
= -40 kNmv’
OR
BM at D (from the right)
= (-40x1)
=-40 kNmv
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4.1.4

40 kN

20 kN

-45 kN

0 kN

-35

4.1.5
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4.1.6 Maximum bending moment = 40 kNm (sagging)
Or

Maximum bending moment = -40 kKNm
Position = 1 m from the right-hand side or at point D

Or

Position = 7 m from the left-hand side or at point Dv'v'

QUESTION 5: HYDRAULICS

5.1 w=mg=4,6x10%x 9,8
= 45080 N
D=450 mm =0,45m
D=100 mm=0,1m
SL=120mm=0,12 m

MA = 20
5.1.1 w_p?
F dzz
dexw
F= d;
0,12x45080
S
=2226,173 Nv
MA=*
E
_ L
T MA
N 2226,173
- 20
= 111,309 Nv'
For 90% efficiency E = 111,309 x %‘/
= 123,677 NV
5.1.2 Ve = Vp
ARXH:AP X SL x nv’
X048ty WX0LE 0,12 x 160v
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(2)
[16]

(5)

(4)
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52 N = 250 r/min
d=85mm=0,085m
SL =590 mm = 0,59 m
C=3
Slip =1,7%
Efficiency = 100 — Slip% = 100 - 1,7 = 98,3%
V, = actual volume;\? I/'s
Vp-AxSLxCxﬁo

x0,0857 250
=1I X 0,590 X 3 X =
4 60

= 0,041849 m3v

= e
V,= Vp X = o
= (0,041849 x ﬁv”
= 0,041137567 m>/s x (1000 I/s)
= 41,1381/sv (3)
5.3 m
Va =320 I/min
n = 80%
P=pXxXgxh
= 1000 x9,8 x 70
= 686000 Pa
= 686 kPav’

V, = 320000 X 313
=5333,333m3/s

P, = (686000)(5333,333)
= 3658666438 Wv'

n= 2% 100

L

P, = %x 100

3658666,438
= === 100

= 4573333,048 kWv (3)
[15]
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QUESTION 6: STRESS AND STRAIN

6.1 Limit of proportionality is that point at which the strain is no longer proportional
to stress.

6.2 D=1,8d
Lo=700mm=0,7m
F=315kN=315000N
X =0,319
E =200 GPa

Fx L,

E=
AxXX

FXL
A= ov
ExX
_ 315000%0,7
T 200%109%0,139%10~3
= 0,00793 m*

= 7,932 x 1073 m?v
n(D2-d2)

Area of pipe =
_ rlasay?-@? ,

4
4(7,932x1073%) 2 2442

bia
d =0,0671mv
D =18d
D =18x0,0671v
= 0,121 mv’

6.3 F=95kN=9500N
S=195mMm=0,195m
X =0,213 mm

6:371 F
St = —
ress = -

— 249835 6345 Pa
— 249836 kPav’

6.3.2 :
Strain = I

0,213
v

4500
= 4,733 x 107>V

6.3.3 _ 249835,6345

"~ 4,733 x 10-5
= 5,279 GPav’
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(2)

(7)

P Y
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QUESTION 7: HEAT

71 e |sochoric
e |sobaric
e Isothermal (3)

il Isothermal (1)

7.3 LxBxH=75cm x35cm x 20 cm = 750 mm x 350 mm x 200 mm
T1=38°C
T2 =400 °C
a=17 x107%/°C

7.3.1 AL = LO X (4 X (tz T tl)
=75x 17 x 107%(400 — 38)v
= 0,462 cmv’ (2)

7.3.2 Af = A{] + AO X 20.’ X (tz - tl)
= (750 x 350) + (750 x 350) x 2 x 17 x 1076(400 — 38) v'v/
= 265730,85 mm?2v’ (3)

7.3.2 AV = VO X 30’: X (tz - tl)
=0,75% 0,35 X 0,2 X 3 X 17 X 107%(400 — 38)v v
=0,969 X 103 m3 v (3)

7.4 P1 =750 kPa
P2 = 1300 kPa
Vi =0,495 m3
V2 =0,0749 m?

PiVy _ Py

T, T

PVaTy ,

PiVy
IOUDXD,[)639><348‘/

750x0,495

= 59,89 °Kv’ (3)
[13]

TOTAL: 100
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