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 MEB3023
1. Engineering design is always aimed at achieving high level of reliability for a new
des:gn desplte constraints likely to orlgmate from the customer, compllance

requwement from standards, and Ilmltatlons ln technlcal knowhow

a. Describe THREE (3) methods which can be used in engineeri"hg desngn

practice to improve reliability of a new design.

b. T:FIGURE Q4 shows a rehablllty b|ock d|agram for an engmeermg system

Determine the overall system reliability.

[0 marks]

C.. :;DISCUSS how to get the system. rehablhty if the numbers in the rellablhty block

&

diagram represent failure rate.

.15 marks]
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FIGURE Q2 shows a spring support (in shattered form) for a pipe. The support
was intended to restrain the pipe movement induced by fluid flow and outsnde v
sources such as wmd and seismic events. Iti is reported that the sprlng has falled -
due:to hydrogen embrittiement. You; as-an englneer are requ;red to design a :
replacement for the spring assuming the following specification:

TABLE Q2

Parameter e Value

Total weight on the spring 10 kN

MaXImum deﬂectlon from free length ‘not more than 50 mm

10mm
Outside diameter | 100 mm

Total number of coils 14

FIGURE Q2

"'Désign the “helical coil compression spring. Include all" the ‘necessary
assumptions
[15 marks]




MEiésﬁzs

b. Perform an assessment on the following:

i _;he newudes,ignvtc confirm:if the spring might buckle in:service, and"

= [5 marks]

ii.  the implications on static deflection if TWO (2) springs are to be used.

0 springs.

' Assume that the load is equally shared among the t

w 3[;»5 marks]
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General assembly drawing of a 5” pipeline smart plug is shown in FIGURE Q3.
In operatron the gripper and seal need to be suffi crently in contact wrth the inner

wall of a p|pe (not shown in the figure) to avord any potentlal Iea ' ,
fluid. Assummg collrnearrty in the assembly of the plug; the stud (shaft) e
experiences axial tensile load while the rest of the components are exposed to
compressrve and contact loads. The Ioadrng onglnates from the toque T applred

on the hexagonal (HEX) nuts

stud

FULL INSTALLATION DEPTM:

FIGURE Q3

a. Representlng material properties of the stud by modulus of elastrcrty “E,

;strength gy and densrty, P formulate the equa vn for the performance mdex -

if the design limiting factor is
I strength of the stud, and

. - . [5 marks]
i. stiffness of the stud. Assume cost coefficient, ¢ in USD/kg

[5 marks]
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b. Candidate materials for the stud is provided in TABLE Q3.

TABLE Q3

Approximate
Cost. $/kg -

0.06
0.07

0.18

AE P GiT

Titanium Alloy ;
(Ti-6AI-4V) 830 114 4429 1.56

i Usmg the solutlon in part (a)(l) select the best matenal based on L

performance and cost.

~ Select the best material using weighted decision matrix method if the
selection criteria and weightage for relative importance of each criterion

,to the functlon are as stated below ;

s’uffness (0.25)
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The concept for a conveyor system driven by an electric motor through a v-belt
drive and double-reduction grearbox is shown in FIGURE Q4 The power
supphed by the electnc motor is 150 kW Ali the gears are expected to be spur; |

gears with a pressure angle of 2080 = 4 i

TABLE Q4

i

-Number of Teéti*r, Z, (1 = 1,2,3"4)

Module (mm)

* 1 Al dimensions dre in.mm.: ..

FIGURE Q4




. I5 E:mar,ks]

If shaft ABC rotates at 2850 RPM, calculate the corresponding speed, V,
of the conveyor.

c Desngn shaft ABC by assumlng AlSI- 1035 HR steel and a safety factor of

1.5 for the shaft material:
[10 marks]

B and C Assume that the desured Ilfe and rellablllty of one bearmg is
50,000 hours and 0.9, respectlvely A load appllcatlon factor of 1.3 |s 1

- END OF PAPER - i
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APPENDIX - A

- FORMULAE FOR DESIGN CALCULATION

FLAT BELTDRIVE

Corrected allowable power or power capacity:

- Ha = HyomKsng
where;

. K is the service factor and

ndthedelgn factorfor exigencies

Torque: T = H,,mKing/(21n/60)

The faCtorOf Safety nfS= H,/ HnomKs

HELICAL COMPRESSION SPRINGS

Spring Index: C=D/d

Minimum Tensile Strength: 5., = 4, /d™

Shear Stress: 1=Ky X 8FD/(nd?)
Shear Streés Cofréigtibﬁ;féctor: KB: (4C +2) / (4C -3)
The condition for absolute stabilty i e
Spring stiffness: k=F/y=(d*G)/(8D3N)

Torsional yield strength for music wire and hard-drawn steel spring:

Sey = 0455,
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A3 SHAFT DESIGN

¢ Shear stress, 1,, = 'C]— where ] = E32' ’

e : st |
* Bending stress, o, ==, where [ =~

2
) Pnncnpal stress, 0'1,0'2 = _2’5 T:%y”“%"

.« Von Misés Stress: Oy = ¢f012 +0,%= 070;)°%or

g, = (o’xz + 3Txy2)0.s

Sl i (4M2+3T2)°5

Where. d is the:shaft diameter:

BEARING SELECTION

x +(6—x‘)

e Catalogue Ioad rating, C10 = afFD[ —

60 x (Requiféd Design Life in hours) x n,
.7 106

Where,

F,; ’maXImum radial |oad in kN -
Rp reliability-goal.
-np.. . rotational speed in rev/min

;sf-af load appllcatlon faCtOl’

a constant and is 3 for ball beanngs
b Weibull parameter and is equal to 1.483.

10




APPENDIX - B

.. TABLES FOR DESIGN RELEVANT DATA

B.1 TABLES FOR SPRING DESIGN

2

mulae f th " ,Dimensi_pnaji‘ Characteristics of Com,pféssionngp' gs

MEB3023

Total Coils, Nt

Nz +>1

Nz +2

Free Length; Lo

p(Na* 1)

PNa + 3d

(Lo - d)/ Na

(LO / (Na + 1)

»l CA(N: +1)

(Lo - 3d)/ Na

l

(Lo -2d)/ Na

Ngis the number of active coils.

Music Wire

0.10-6.5

TABLE B.2: Constants A and m of Su = A/d™ for Estimating Minimum Tensile Strength -
of Common Spring Wires (Source from Désign Handbook, 1987, Associated Spring).

OQ & T Wire

A229 0.187

0.5-12.7

1855

1.3

e L Hard Drawn Wire :

Chrome-Vanadium Wire

" A227

£0.190

1074127

A232

1 0.168. | .0.8-11.1

Chrome-Silicon Wire

A401 0.108

1.6-9.5

1974

4.0

11
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Hardened and tempered carbon and low-
alioy steel

stainless steels

Music wir'e*Agzs -

0.8-1.6 197.9 80.0
1972 | 793
1965 | 786

HD Spring A227

Oil Tempered-A229 85-90 45-50 196.5 77.2

Valve Spring A230 85-90 50-60 203.4 772

~ Note: Torsional yield stferigttj for music W|reand hard—drawn steel spring: S, = 0.455.

12




Spring-supported between flat parallel surfaces (fixed ends)

TABLE B.5: End-Condition Constants a for Helical Compression Springs

MEB3023.

One end supported by flat surface perpendlcular to spnng aX|s (f xed)
other.end plvoted (hlnged) :

e

Both ends p.lvotedz(hl_nged);

One end clamped; other-end free

TABLE B.6: Determlnlstlc ASTM Minimum Tensile and Yield Strengths for Some Hot—

B.3 TABLES FOR SHAFT MATERIAL

Rolled (HR) and Cold-Drawn (CD) Steels.

HR 340 190 104
1015 , : -
: E N .CDh 390 320 11
e el = HR 400 -
1018
CD 440 370 126
HR 380 210 111
1020 i ) . i : -
: cD 470 30 | 131
h Flle HR: 470 260 T 137
1030
CD 520 440 149
HR 500 270 143
o 1035 . : , v
: : +CD 550 460

13




B4 TABLESF

$3-Series
Width, ping, kN o0, Widsh, Load Rating, kN
mimn iy YiE mm <

o




