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® Formulas for bending (circular cross-section)

Governing equations:
Area moment of inertia:
Normal stress:

Shear stress:
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(® Static failure criteria for ductile materials
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Safety factor:

Von Mises criterion: ¢’ = /0 + 07 + 02 — 0,0, — 0,03 — 0301
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Maximum shear stress criterion:

0 = 2Tmax

® Steady-state equivalent circuit for a DC Motor: Vsyppiy = Ri + Vemy

@ Speed conversion: 60 rpm = 2m'[rad/sec]
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1. Answer the following questions.

(a) (15) The bolt cutter shown in Fig. 1 has a link on each side of the jaws at D, so that the pins are in
double shear. The maximum allowable shear stress in the pins and links is 140 Mpa, while the
maximum allowable normal stress is 280 MPa. Determine the minimum pin diameter and suitable

link dimensions for a maximum force P of 250 N.
l P 15 30
- 300 . |

IP All dimensions are in millimeters
Figure 1 Bolt cutter pin design

(b) (5) The synchronous speed of an induction motor is given by w = IZ)TOf in [rpm]. What are f and

p? Using this formula, find the synchronous speed of the shaded pole induction motor in Fig. 2.

Main Pole

Shaded
# Pole

NS S5

nduction motor

e R

Figure 2 Shaded pole i

0 _in [degrees]. What are N, and Ng,? Find

3
Nrthp
the step angle of the VR stepper motor shown in Fig. 3. If the coils are switched on and off in the

sequence of A-B-C-D, which direction does the rotor move and why (briefly explain)?
. A Stator

(c) (5) The step angle of a stepper motor is given by

Stator winding

Figure 3 Variable reluctance stepper motor
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2. Figure 4 shows a bracket. It consists of a rod and an arm. There is a force F applied at the end of the

Cross arm.

Figure 4 Uniform rod and bracket under loading

(a) (5) Draw a free body diagram of the rod (length | component) in Fig. 4. Assume that the thickness
of the arm is negligible.

(b) (10) Write down the load function q(x) for the rod using singularity functions. Find the shear and

(c) (15) Choose F = 1000 N, [ = 200 mm, a = 180 mm and the radius of the rod r = 20 mm. Find
the most highly stressed location(s) on the rod and write them in (x, ¥, z) coordinates. For each of
these location(s), draw Mohr’s circle and find the principle stresses gy, 05, 03 and Tpqy.

(d) (5) Assume that the rod is made of 1010 hot rolled steel, the yield strength of which is S, = 180
MPa. Find the safety factor(s) for the static failure at the most highly stressed location(s) using
both the Von Mises criterion and the maximum shear strength criterion.

(e) (5) Now, consider that the rod is modified to have a step as
shown in Fig. 5 with the length and the radius of the slender
section denoted by [; and ry, respectively. If you solve (a),
(b), (c) and (d) again with this new bracket, will you have
the same solution? If not, which sub-problem(s) among (a),
(b), (c) and (d) will you have different solution(s) and how?
Briefly explain.

Figure 5 Modified bracket

moment functions, V (x) and M (x). (Note: You do not need to consider torsion here.) <onl, tor (erd 23
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3. The side view of an electric bicycle is shown in Fig. 6. The front wheel is driven by a wheel hub
motor (Fig. 7). The type of motor is the permanent magnet (PM) brush DC motor which runs by 48 V
Lithium-ion battery. The bicycle and the biker weigh 100 kg in total.

(a) (5) If we want the bicycle to be able to drive up a 10 degrees incline with 20 Nm torque provided
by the pedalling at the rear wheel axle, how much additional torque does the front wheel axle
need to provide at the minimum?

(b) (10) Assume that we want the bike to maintain 36 km/h continuous speed on a flat road without
pedalling and that the no-load motor speed is 3000 rpm. As shown in Fig. 7-c), this motor is
connected through the planetary gear mechanism of ratio 6:1, which produces a viscous friction
torque of 0.012 Nm/(rad/s) seen from the motor. Assume that the Coulomb friction is negligible.
Choose the motor power in multiples of 250 W (i.e. 250, 500, 750,...).

(c) (15) Draw a torque-speed curve for the motor you selected in (b) and compute: i) the stall torque
Tstau, 1i) the torque constant k and iii) the stator coil resistance R. How much current does the
motor consume when the bicycle is running at its rated speed on a flat road without pedalling?

(d) (5) With the motor selected in (b), what will be the steady-state speed of the bicycle on the 10
degrees uphill with the same condition as (a) (i.e. the biker is providing the rear axle with 20 Nm
torque.)?

600 mm Motor

dia.

600 mm
dia,

c) Planetary gear set

Figure 6 Electric bicycle - schematic Figure 7 Wheel hub motor



MTE322  Medterny 20/2 53 buttns

L@ exerdse #7 Aobtos 2
: (16) W‘.: -/—j:’;-‘z{. f; /4(/00/04}" J%jkg}/ n L/‘?’Z)/ /D‘ # #/M‘Jef -

/20
aa Ap = ano 2800 /')DM

(.() Shep anghe — 3(0 \,’/Of’b
7 7 ,@ M5 1ombtr of ety A # g st
‘9? “"j’Q va V/?n?o/ek o for 7y P NS oty

240 4 Febncinnie forgue will ofect th C‘/afe/zf
5 x & = /8 bap *o 1‘/4 acfwatedo (b/( /7:’«{ <.
2, ey P

| R
) M | | I
‘e,;: F 42 | %71 Fa

ﬁem(wg, . e

4 260=—FU2z0p + Fr-0>" - Fex-2)”

V(x) = f%/z)a/z;_- - F;(<2’—o)-/ +F<Z—0)o F(,?-./)o

Mty [Veo ot < ~Fgla-05° + FLa-0> '~ F <2-85"

Ve 1 1 2
;f‘ M{x)f‘ - .

- ~F4
_e 2
(¢) Most /{gé%t \f’f‘/areo( /o(mﬁau,' ,4(0 r o) 8(o © k)
- For A, thre are toal s G2 e o benidyy ctrof
Ao b’/eﬂk ey e o e ( Gz ) 7

A e {- ‘7£ Nepia, = %c#v Ptév— e J= 7&“%

2




. -fort?‘?ah“( {Aém i
, Le.
e Mr Fe- X ﬁ‘-F/ . k/\)’é g,.fﬂfegj

;Wc (,2)””223’2’32/300%,0/\: :23'7"1;’4)( = 37‘2’60 /1’%\
% <o | = 8 Coux = ~£i92 MR
T e pont & HE a e fous lonshng. hop-
e Vr=_ FX _ 4

[, s ‘3757{;_ L= 3o = AO6 MR, i

2
-Z}g.: Z;vrfaem/t/-ﬁBJ /"//3\ (ﬁ"‘r‘%éd i

Gy

6_ :f
'ﬂ@ A

or
2y

(d) Pk A Von Mses crrverion gves

P v——

PO+ G g0y = ST4RHY > V- 4. 74
Masimnm  shop- SHCLS cpterin, FWer

/

TE R FRTIHG > Meg .,y




®
For  pomnt B, ln Mises T%< Tr~qqg =V30, =24 4 /‘7&
| = A= 877
Mt o ' 270 30 g1 ppes g - ag
(©)  STour AHteqm ond banding  anom ent 76‘/;(7579;4 Ao not c/{m/e{
J. Zeﬂo@/" SECHon MA’[ ' Aa

Ve MUh atller L e Lok 4
7%21” dakes A 756(\« /&/@7// f;/ag c;;é Mxlmum  Strece
f'é(o\‘f?oh oCCupy 74}

tho d‘e/)

(x= {-4 )] 7%71 V¥4
CKM < <l mmer

(c) aho/ (a/}.

3. @) e need ot Moast %ﬁh/o" o Norame
7 W; he 3”‘/7‘ dm}

The torgre needid ac
the ;Zﬁnf axle 7S (‘W/u*@/ 74;)/”7,

03754"//7 o == /l;, i E_ .@ 72”7’? .@fﬂ”ﬂ) - /r= )’A//% |
G N. 7= '
>

&)

/702(7)/"‘ /OOWe/‘* = 7;:‘.5‘/)~ :4‘#0 W_______; dwf-e bOW
@ Ey Log W onchor g |

[ﬁ‘"gé}* Han €y e Ve) w = W’{ 7;“ wl be
W"*““ﬁ""( the A



& a5
7}0,,( /-14\11.,@4 P/w( & 7@:’(} pord = ©. d/.zA/jw,/"“

Equnte [ < lroted |l popeq~ ., 7Ho
/V,. = parts - J2o
1/—07.}:0_”(;— | osin T 2o rdle = <2 LS Ay,

The ot  cyve i glen }"

3/4./6 -

7o £ and £

Ue o mets  crcus egtarlos]

Y= R +kW = 4P Ltk ©
2P .

Sole Dlor©) wd @ A W.
Then, — dy - 24, T racd s
7% axty el =2 _ 9 e
"y P =77 = LI5 rfyc
G 335 m L
= & 37 /OIhA-'
—




