higher education
& training

Department:
Higher Education and Training
REPUBLIC OF SOUTH AFRICA

MARKING GUIDELINE

NATIONAL CERTIFICATE
MECHANOTECHNICS N6

30 July 2021

This marking guideline consists of 13 pages.

Copyright reserved Please turn over




MARKING GUIDELINE -2-
MECHANOTECHNICS N6

QUESTION 1

1.1 e Uniform wear theory is based on the assumption that wear that takes
place is uniform over the entire contacting surfacev’ and resembles
conditions of an old, worn-out clutch.

e Uniform pressure theory is based on the assumption that the pressure is
distributed uniformly across the contact surfacev’ and resembles the

condition of a new, unworn clutch. (2x1%2) (3)
1.2.1 _ 2nNT
60
220 x 1000 = 222207

60

T = 2334,272N.mv

_ 2334,272N.m
N 2

T = 1167,136N.mv’ (3)

2
122 T=,u><p><§7t(R3—r3)n

1167,136 = 0.3 X 260000 X 271(0.2253 —r3)V
r3 = 4.246 x 0.001v
r=0.162v

d =324 mmv (4)
[10]
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QUESTION 2

2000 mm F

1000 mm

9 e—
FIp 7777777 40 mm

2.1 D =400mm =0,4m
T =200 Nm
N = 600 r/mm
uw=20,3
T=uRXr
200 = 0.3R x 0,2V
R = 3333.333NV (2)

2.2 Taking moments about O:
Y clockwise moments = ). anti-clockwise moments
F x 2 =3333.333 x 1) + (0,3 x 3333,33) x 0,04v

F — 337(;,333‘/
F = 1686,667Nv (3)
23 P _ 2XTTXNXT
- 60 Alternative answer
P_2><n><600><200 mXDXN
- 60 VE""%0
Power = 12566,37 N v %X 0,4%x600
= 12,566 kN v 60
= 12,566 m/s v
Power = uR X v =1 000 X 12,566
= 12,566 kWv (2)
2.4 Band brakesV
Block and Bandv (2 x %) (1)

8]
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QUESTION 3
31 — 2nTNT
P 60
20 X 103 _2nx300xT
B 60
T = 636,62 N.mv
T = (Tl — Tz)r
Tl = 2,5T2

636,62 = 1,5T, X 0,225
T, =1886,28 N v
T, = 471570 N v

Alternative answer
_mX D XN
VT 60
X 0,45 x 300
B 60
= 7,0686 m/sv’
20 x 103 = (T, — T,)v
20 x 103 = 1,5T, X 7,0686
T, = 1886,28 NV’

T, = 4715,7 NV (3)
3.2 B 200-mmf| .
A B \C D
| ]
= 1471,5:N| 931.99N1
Ryl
20-mmfy 20-mmfy

Taking moment about A:

Z clockwise moments = Z anti-clockwise moments

(1471,5 % 20) + (931,95 x 150) = Rp x 200 v
29430+ 1397925 =Ry, x 200 v

169 222,5
RD =
200

Rp = 846,113NV
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QUESTION 4
4.1 m=pXv

m = 7500 x (1,22 — 0,9%) x 0,15

m= 2226,604 — 556,65 kg\/

I = mk?

0,62 + 0,452

I = 556,65 —

I = 156,558 kg.m?*v’ (2)
4.2

1
Ex == (156,558)[(2m x 6)% — (21 X 4,5)%]Y

2

Ex =48672,714 k] v (2)
4.3 = Ex X pressings(cycles)/s
p= 48 6726,';14X25‘/
P = 20,280 kW (2)
[6]
QUESTION 5
5.1 lead

Helix angle tanf = -
T X mean diameter

5
tand = = 01194
Y = T x80
0 = 6,807°v

Angle of friction tan ¢ = 0,045
¢ = tan 710,045 = 2,577° v

The efficiency of the worm is given as:

tan 6 tan 6,807

__ < - oY — — 0,
Mworm = 1 6+¢) x 100% = tan (6,807+2,577) X 100% v/
0,1194 _

= oess X 100% = 72,23 %V (4)

P
52 Powery,grm = M % 100%
worm
= 2990 _ 39,457 kW v’ 1
0,7223 (1)
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53 1revof worm =2 x 15 = 30 mm on worm

680

Rotational speed of the worm in seconds = 1? =287r/sv

Linear velocity of the worm,v = 0,03 X 28 = 0,84 m/sv

Pout = Fworm wheet X V

P, 28000
Fworm wheet = OTut = YTy = 33,929 kNV

5.4 T.=Fyorm XR X p
0.075

T.= 33,929 x — X 0,045 v
=57255nmv

QUESTION 6

6.1.1 The banking angle 6
Superelevation = sinf X track width

superelevation
track width
0,1
T 12

0 =4,78°v

sinf =

6.1.2 The maximum speed

v =,tanf Xrg

31x1000
v=31lkm/h = o

=8.611m/sv

8,611 = /tan(4,78) x r x 9,81
8,6112 = tan(4,78) X r x 9,81

8,6112

r=—"——=90,39mv
tan(4,78)x9,81

6.1.3 F;, + mgsin® = F.cos0
F, = F.cos8 — mgsinf
m X v?
= cosf —mgsinf

r
72X1000
=20m/sv
60X60

Q

T

<

_3000x202
9 9039
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3)

cos4,78 — 3000 x 9,81 X sin4,78 = 10,78 kNv' V'V (4)
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Locomotive tractive effort is the force that the locomotive must
exert at its driving wheels to move itself and the trucks or train.
Draw bar pull is the force available at the rear end of the

locomotive for pulling the trucks.
(2 x1)

1,5mf mofion

call
—7—
mal 0,02-mY
O B—,
"'H’Rﬂ pr

Taking moments about A:
Z clockwise moments = z anti clockwise moments

mg X 1,5 = Np X 3,2

Np = 2229 = 0,469 mgv’
Fprake = UNp

ma = 0,35 X 0,468 mg
a=0,35x%0,468 x 9,81 = 1,607 m/s?
= —1,607 m/s*v

97,2km 97,2 x 1000
h  60x60
The distance is given as:

2_ 2
= 27 92682mv
2x(-1,607)

but u = =27m/s

Please turn over
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Rear wheels brake

Taking moments about B

E clockwise moments = E anti clockwise moments

NyX3,2=mg x(32-15)

mg X 1,7
R = e Kk 10 0,531mg
3,2 v
Fbraka = P"NR

ma = 0,35 X 0,531 X m X 9,81
a =0,35X 0,531 %9,81=1,823 m/s*
=-1,823 m/s%v

The distance is given as:

2 _ A 02 = 272
T o = 199,045m
2a 2% (—1,823) v

T..(E)A1)T
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6.3.3 Front and rear wheels brake:
Fprake = UNp + uNg = p(Np + Ng)
but mg = Np + Ny
ma = umg
a=ug = 0,35x9,81 =3,435m/s*v
a = —3,435m/s?

The distance is given as:

vi-u? _ 02-272
2a 2x(-3,435)

= = /
s 106,114 m (2)

6.3.4 For ratio Nz: Ny

Fyrake = W(Np + Ng)
Taking moments about the centre of gravity:

Z clockwise moments = z anti clockwise moments

(Fprake X distance from cg to the road) + (Ng X 1,5) = (Nr X 1,7)
u(Ng + Np)0,72 + 1,5Nz = 1,7N;

0,35(Ny + Ng)0,72 + 1,5Ng = 1,7Ny v

0,252Ny + 1,752N; = 1,7N;

1,7Ng — 0,252N; = 1,752N,

1,5N; = 1,752Ng

Np _ 1752 _ 1168 ,

Ng 15 1 (2)

[20]
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QUESTION 7
7.1. J
150- mmy @ 20T
. 04
20-@‘120 mmY 150
Vv
30k
7.2 Plane Mass (kg) r(m) | mr(kg.m)
A 20 0,12 |24 v
B 26 0,15 |39 v
C 30 X 30x v

7.2

7.2.

o1

—1
AT
Force diagram

The centrifugal force of m; is given as
20mm = 1kg.m

43,9mm

= X .
43,9 mm 0 T 1kg.m

= 2,195 kg, mv’
The distance of m; from centre O of face plate:

30x = 2,193
- % =0,0731m = 73,1 mmv v

The position of m5 to plane A is 244° clockwise and 116° to A.v
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QUESTION 8
8.1 AB =30mmBC = 45mm CB =30 mm DA =50 mm
Vs = wyp X AB =5 % 0,03 = 0,15 m/sv’ (1)
__—\ c
45-mmy|

3
v
AF’ -50-mmq] ‘F\

(2)
Space diagram

Scale =0,1 m/s =50 mm

=SSN =A== =

(6)
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Velocity diagram:

Scale 0,1m/s = 5mm
ab =75mm
From the velocity diagram:

Measure bc = 32 mm = 0,064 m/s

0,064
Wpe = e = 1.422 rad/sv

Measure cd = 35mm = 0,07 m/s

0,07
wep =——=2rad/sv
CD ™ 9,035 /

Centripetal acc of Arelative to B = w,g? X AB
=52x0,03=0,75m/s*v

Tangential acc of A relativeto B = ayg X B
= a5 X B=19x%0,03=0,57m/s*v

m
Scale 0,755—2 =75mm

Centripetal acc B relative to C = wgc? X BC
= 1,422 x 0,045 = 0,090 m/s?v

Centripetal acc of C relative to D = wcp? X CD
= 22x 0,035 = 0,14 m/s?
From the acceleration diagram:
Measure c’bc = 55 mm = 0;—755 X 55 =0,55m/s?v
Measure c’dc = 120 mm = 0;—755 X 120 = 1,2m/s*v
0,55

I e 2
Apc = Jows = 12,22 rad/s*v

— L2 _ 2
Aep = 5oas = 34,29 rad/s*v
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ahw (7)
(14)
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