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L-4/T-1/IPE Date: 25/08/2025
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-4/T-1 B. Sc. Engineering Examinations 2023-2024
Sub: IPE 317 (Product Design II)

Full Marks: 210 Time: 3 Hours
The figures in the margin indicate full marks
Shigley's Mechanical Engineering Design (11" edition) book will be supplied.
Assume any Missing Value.
USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A
There are FOUR questions in this section. Answer to Q. No. 1 is COMPULSORY.
Answer any TWO questions from Question 2-4.

1. (a)Design a straight-bevel gear mesh for shaft centerlines that intersect
perpendicularly. The uncrowned straight-bevel pinion has 22 teeth, a module of 4 mm,
and a transmission accuracy number of 5. The pinion and the gear are made of
through-hardened steel, both having a core and case hardness of 180 Brinell. The
pinion drives the 24-tooth bevel gear. The pinion speed is 1800 rev/min, the face width
is 25 mm, and the normal pressure angle is 20°. Both gears have an outboard

mounting. Find the power rating based on AGMA pitting resistance if the life goal is

109 revolutions of the pinion at 0.999 reliability. (20)
(COY)
(b) Identify a 02-series single-row deep-groove ball bearing for the application
g L . (15)
conditions specified in the following table.
(CO3)
. ; . : Ring Desired
Radial Load | Axial Load | Design Life rotating Reliability
10 kN skN | 12KB300 95%
rev/min
Specify the smallest bore size that can satisfy these conditions.
2. (10)
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Contd.... for Q. No. 2(a)

From the above figure find
(i) PDF
(i) CDF
(i) S5th percentile value
(b) The capacity of an isolated spread footing foundation under a column is modeled
by a normal distribution with a mean of 300 kip and a COV of 20%. Suppose the
column is subjected to dead load of 100 kip and a live load of 150 kip. (15)
(1)  Calculate the probability of failure of the foundation under dead load only.
(i) Calculate the probability of failure of the foundation under the combined
action of dead and live loads.
(iii) If the probability of failure of the foundation needs to be limited to 0.001,
and the dead load of 100 kip cannot be changed, what is the maximum
amount of live load that can be applied to the foundation?
(c) The mean compressive strength of a batch of concrete is 5,000 psi with a standard
deviation of 500 psi. The magnitude of stress acting on the structure can be modeled
with a mean of 1000 psi and a standard deviation of 200 psi. (10) :
(i) Find reliability of the system when both strength and stress follow
exponential distribution
(i)  Find reliability of the system when both strength and stress follow normal
distribution
(iii) Find reliability of the system when both strength and stress follow log-

normal distribution.

3.  (a) A full journal bearing is 28 mm long. The shaft journal has a diameter of 56 mm
with a unilateral tolerance of —0.012 mm. The bushing bore has a diameter of 56.05
mm with a unilateral tolerance of 0.012 mm. The load is 2.4 kN and the journal speed
is 900 rev/min. The lubricating oil is SAE 30 supplied at 45°C. For the minimum
clearance assembly find (20)
(i) Magnitude and location of the minimum oil-film thickness
(i) Eccentricity
(iii) Coefficient of friction
(iv) Total and side flowrates
(v) Maximum oil-film pressure and its angular location

(b) Two ball bearings from different manufactures are being considered for a certain

“application. Bearing A has a catalog rating of 2.0 kN based on a catalog that rates at

108 cycles. For a given application, determine which bearing can carry the larger load. (15)
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4, (a) A 20° spur pinion with 20 teeth and a module of 2.5 mm transmits 120 W to a 36-
tooth gear. The pinion speed is 100 rev/min, and the gears are grade 1, 18-mm face
width, through-hardened steel at 200 Brinell, uncrowned, manufactured to a No. 6
quality standard, and considered to be of open gearing quality installation. Find the
AGMA bending and contact stresses and the corresponding factors of safety for a
pinion life of 10® cycles and a reliability of 0.95. (20)
(b) Design a friction metal flat-belt drive to connect a 5 kW, four-pole squirrel-cage
motor turning at 1750 rev/min to a shaft 381 mm away, running at half speed. The
circumstances are such that a service factor of 1.2 and a design factor of 1.05 are
appropriate. The life goal is 10° belt passes, f = 0.35, and the environmental

considerations require a stainless-steel belt. (15)

SECTION -B
There are FOUR questions in this section. Answer to Q. No. 5 is COMPULSORY.

Answer any TWO questions from Question 6-8.

5. (a) As a product designer, explain how design choices, manufacturing methods, and

supply chain logistics for a smart board, influence its cost-efficiency and functional

utility. Extend you analysis by including DFM decisions. (20)
(CO2)

(b) Set DFE goals for a typical ceiling fan producing company, based on its product's

life cycle stages. s)
(CO49)

6.  (a) Justify the statement— "The choice of survey format is closely linked to the way in
which the concept will be communicated." (10)
(b) Discuss some applications of computer-aided design software in product design. (10)

(c) How did you approach the step called "Clarifying the Problem", while generating

concepts for your respective product of the corresponding sessional course? (15)
7. (a) How might you use the concept selection method to decide whether to offer a

single product to the marketplace or to offer several different product options? (10)

(b) How break-even analysis can be used as a product screening tool? (10)

(c) Differentiate between various types of prototypes. (15)
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8. (a) A speed-reducer gearbox containing a compound reverted gear train transmits

26.09 kW with an input speed of 1200 rev/min. Spur gears with 20° pressure angle are

used, with 16 teeth on each of the small gears and 48 teeth on each of the larger gears.

A diametral pitch of 10 teeth/in is proposed.

@)
(i)
(iii)

(iv)
v)

Determine the speeds of the intermediate and output shafts.

Determine the pitch line velocities (mm/min) for each set of gears.

Determine the magnitudes of the tangential, radial, and total forces

transmitted between each set of gears.

Determine the input torque.

Determine the output torque, neglecting frictional losses.

(b) The maximum band interface pressure on the brake shown in Figure 8(b) is 620

kPa. Use a 350 mm-diameter drum, a band width of 25 mm, a coefficient of friction of

0.30, and an angle-or-wrap of 270°. Find the maximum band tensions at the hinged and

open ends. Also, determine the torque capacity.

Figure 8(b)
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Table I: Standard Normal Distribution Table for Positive 7z Score
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0.9893 | 0.9896 | 0.9898 | 0.9901 ; 0.9904 | 0.9906 | 0.9909 | 0.9911 : 0.9913 |
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: Table 2: Standard Neormai Distribution Table for Negative z Score
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