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USE SEPARATE SCRIPTS FOR EACH SECTION
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SECTION - A
There are FOUR questions in this section. Answer to Question no 1 is compulsory.

Answer any TWO questions form the Questions 2-4.

1. (a) A 20° spur pinion with 20 teeth and a module of 2.5 mm transmits 150 W to a 36-
tooth gear. The pinion speed is 100 rpm, and the gears are grade 1, 18 mm face width,
through hardened steel at 200 Brinell, uncrowned manufactured to a No. 6 quality
standard with open gearing quality installation. Analyze the gear and estimate the

AGMA bending and contact stresses and the corresponding factors of safety for a -

pinion life of 108 cycles and a reliability factor of 0.95. (20)
(CO4)

(b) Design a straight-bevel gear mesh for shaft centerlines that intersect .
perpendicularly. The uncrowded 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 anglte is 20°. Both gears have an outboard mounting. Find the

power rating based on AGMA pitting based on AGMA pitting resistance if the life goal
is 109 revolutions of the pinion at 0.999 reliability. o (19)

(CO1)

2. (a) A brake assembly has been tested and found to have a capacity that is normally
distributed with a mean of 275 KN and a standard deviation of 25 KN. If a normally
distributed force having a mean of 180 KN and a standard deviation of 3 KN is applied.

What is the static reliability? (10)

(b) The minimum fatigue life of rivets in a compressor air-seal inlet of a gas turbine -
engine is modeled with lognormal distribution. During accelerated testing for the
purpose of certification and approval, the mean value of minimum life is found to be
90 minutes, and the COV is 15%. The rivet design is unacceptable if the minimum life

during accelerated testing is less than 50 minutes. What is the probability of '

nonacceptance of the nivet design? (10)
01
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{c) Briefly discuss the causes of failure of a design for
i) Traditional point of view
i) When the load is uncertain
1ii) When the strength is uncertain

iv) When both load and natural strength are uncertain

v) Degradation with time

(a) The figure shows a 400-mm diameter brake drum with four internally expanding

shoes. Each of the hinge pins A and B supports a pair of shoes. The actuating -

mechanism is to be arranged to produce the same force F on each shoe. The face width
of the shoes is 75 mm. The material used permits a coefficient of friction of 0.24 and a
maximum pressure of 1000 kPa.

i) Determine the maximum actuating force

i) Estimate the brake capacity

iii) Estimate the hinge-pin reactions
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g__l;lgﬁc_"aj%lj_gmm, ¢ =165 mm, R =200 mm, andd = 50 mm i

(b) Design a friction metal flat-belt drive to connect a 1 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.

(a) A pair of straight bevel gears has a velocity ratio of 2:1. The pitch circle diameter of

the pinion is 80 mm at the large end of the tooth. A 5 KW power is supplied to the
pinion, which rotates at 800 rpm. The face width is 400 mm, and the pressure angle is
20°. Calculate the tangential, radial, and axial components of the resultant tooth force

acting on the pinion.

02

(15)

@0)

(15)

(10)
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(b) A parallel helical gear set consists of a 19-tooth pinion driving a 57-tooth gear. The
pinion has a left-hand helix angie of 30°, a normal pressure angle of 20°, and a normal
module of 2.5 mm. Find

i) The normal, transverse, and axial circular pitches

ii) The transverse diametral pitch and the transverse pressure angle
iii) The addendum, dedendum, and pitch diameter of each gear.

(c) A 21-tooth spur pinion mates with a 28-tooth gear. The diamteral pitch is 3 mm and

(10)

the pressure angle is 20°. Make a drawing of the gears showing one tooth on each gear. -

Find and tabulate the following results: the addendum, dedendum, clearance, circular

pitch, tooth thickness, and base-circle diameters; the lengths of the arc of approach,

recess, and action; and the base pitch and contact ratio.

SECTION - B

There are FOUR questions in this section. Answer to Question no 5 1s compulsory.

Answer any TWO questions form the Questions 6-8.
Assume any missing data.

(a) Explain the elements of the cost of goods concerning your product developed for

the corresponding sessional course.

(b) A 02-series single-row deep-groove ball bearing is to be selected which is expected

(15)

(15)
(CO2)

to carry a 2-kN axial load and 8-kN radial load with a 99 percent reliability for 10 kh.

The ineer ring rotates at 400 rev/min. Use the Weibull parameters for Manufacturer 2

in Table 11-6.

{(a) How break-even analysis can be used as a product screening tool?
(b) Discuss the relationship between the "guidelines of DFE for Life Cycle Stages” and
the "Reduction of the Cost of Logistics" which is one of the steps of DFM.
(c) Prototyping is the process of developing an approximation of a product. You all
have already completed creating your prototype in the product design II sessional. Now
share your insights on the following-

(i) Purpose of the prototype

(ii) Use of CAD Modelling and Analysis

(iii) Creating a schedule with three dates

03

(20)
- (CO3)
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(15)

(15)



(a) "The use of comprehensive prototypes depends on the relative level of technical or

market risk and the cost of building a comprehensive prototype.” - Illustrate with the
help of a diagram.
(b) What are the benefits of using a structured concept selection process?

(¢) An Qiles SP 500 alloy brass bushing is 25 mm long with a 25 mm dia bore and

operates in a clean environment at 21°C. The allowable wear without loss of function is

0.125 mm. The radial load is 2250 N. The shaft speed is 200 rev/min. Estimate the

number of revolutions of radial wear to be 0.125 mm. Use Table 12-11 for reference.

(a) Explain the factors that influence the selection of sample size.

(b) Scooters are currently sold in this market at a rate of 150,000 units per year. The -

company sells the product through a single distributor which accounts for 25 percent of
the sales in this category. Assume that results from a concept test with factory
managers responsible for purchasing transportation devices indicate a definitely-would-
buy fraction of 0.30 and a probably-would-buy fraction of 0.20. Determine:

(1) Probability that the product is purchased if the customer is aware of it and it is

available

(i1) Quantity of the expected sales
(c) A pressure-fed bearing has a journal diameter of 50.00 mm with a unilateral
tolerance of -0.05 mm. The bushing bore diameter is 50.084 mm with a unilateral

tolerance of +0.10 mm. The length of the bushing is 55 mm. Its central annular groove

is 5 mm wide and is fed by SAE 30 oil is 55°C at 200 kPa supply gauge pressure. The -

journal speed is 2880 rev/min carrying a load of 10 kN. The sump can dissipate 300W
per bearing if necessary. For minimum radial clearances, perform a design assessment

using Trumpler's criteria.
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|
| USE SEPARATE SCRIPTS FOR EACH SECTION
|

SECTION - A

! Y . .
There are FOUR questions in this section. Answer any THREE questions.

1.  (a) Explain human respiratory and cardiovascular responses to physical activity with

necessary diagrams. ' _ (15)
(b) "On size does not fit all” - elaborate on this statement about using gloves to operate
vibrating lfland tools. * (15)
(c) Differe;ntiate between the Noise-Induced Hearing Loss and Temporary Threshold (5)
Shift.

2. (a) Write in detail about the consequences of not avoiding tissue compression stresses .

while using hand tools. (15)
(b) Why iis uniform lighting crucial for the visual comfort of workers in a workplace?

Mention different guidelines for avoiding glare and improving uniform lighting. (15)
(c) What i!s the significance of heat acclimatization on a production floor? | (5)

|
3. (a) Describe the NIOSH lifting equation. How can you utilize this equation to prevent
lifting injuries? Explain with an example. _ - (15)
(b) Explain different health issues arising from unhealthy exposure to the high-
|

temperature work environment. (15)
|

(c) What do you understand by design for safe operations? . (5)
f

L ‘ ‘
4.  (a) Describe different classes of fire. Differentiate between Dry and Wet Barrel

Hydrant. ! ' (10+10)
(b) Mentillon the following for each type of fire extinguisher- - (19)
1) \}Vorking Principle |
i) :Band Color
iii) Relationship with classes of fire .

t
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| SECTION -B

There are FOUR questions in this section. Answer any THREE questions.

(a) Distinguish between Preliminary and Detailed Assessments concerning RMG

factory building.

(b) What are the types of construction based on fire resistance? Discuss the relationship .

between common structural elements with fire resistance rating.
(c) If you were safety manager, what would be your recommendations for means of

escape and fire detectors for RMG factory buildings in Bangladesh?

(a) What ergonomic considerations should you make for designing hand-basin?
(b) Discuss the relationship between sitting posture and intervertebral disc pressure.
(c) With neat sketches differentiate between different types of spinal disc conditions.

(a) Discuss the relationship between bicycle saddle design with contouring and
cushioning,
(b) How is pelvic tilt related to pregnancy? What would be your suggestions for fixing

pelvic tilt after pregnancy period?
(c) Explain with necessary sketches, the effects of the presence of restraints, the effect

of manual activity, the effect of working surface conditions, and the effects of apparel

on the workspace envelope.

(a) Write a short note on the following-
i) Flash Evaporation
i) Flammability of liquids

(b) Explain the Figure 8(b) by defining the associated terms.
|

 ————— .
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8.

(c) A diagram of the safety systems in a certain chemical reactor is shown in the

following Figure 8(c). This reactor contains a high-pressure alarm to alert the operator

in the event of dangerous reactor pressures. It consists of a pressure switch within the

reactor connected to an alarm light indicator. For additional safety, an automatic high-

pressure reactor shutdown system is installed. This system is activated at a pressure

somewhat higher than the alarm system and consists of pressure switch connected to a

‘solenoid valve in the reactor feed line. The automatic system stoops the flow of

reactant in the event of dangerous pressures. Compute the overall failure rate, the

failure probability, the reliability, and the MTBF for a high-pressure condition. Assume -

a l-year period of operation. Also, develop an expression for the overall failure

probability based on the component failure probabilities.

- . .- -

Pressure

Switch
Alarm
at —
PP
: : Reactor

r Feed
1]
i \Solenoid
i Valve
[

"Rezctor

A chemical reactor with an alarm and an iniet feed solenoid. The alarm and feed
shutdown systems are linked in paraliel.

Figure 8(c)
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USE SEPARATE SCRIPTS FOR EACH SECTION

_ SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

1. (a) Discuss general characteristics of industrial work situations that tend to promote the
substitution of robot for human labor. (10)
(b) Discuss common joints used in industrial robots? Explain with necessary sketches.
Describe deita robot configuration. (10)
(c) What does the notation TLR:RT mean? Draw hierarchical control structure of a robot
microcomputer controller. Briefly discuss different control systems used in industrial

robot. (15)

2. (a) What are the advantages of PLCs for industrial control applications? What conditions
will make PCs suitable for industrial control applications? Briefly explain. . (15)
(b) An automatic pump system is to be designed for a designed for a residential building
with one overhead tank and one underground tank. When overhead tank gets empty and .
there is minimum level of water in the underground tank, pump will turn ON
automatically. Again when overhead tank gets full or underground tank gets empty, pump
will tum OFF. Draw a schematic diagram of the system with required sensors and
actuators. Also provide the following items for this system: (10)
(i) Logic network diagram
(11) Truth table
(111) Ladder logic diagram
(c) Discus tlhree different parts of scan briefly. What are the factors that influence scan

time? Does scan time affect the output of a PLC? Explain. : (10)
|

3. (a) What 15 a Flexible Manufacturing System (FMS)? Describe the capabilities that a
manufacturing system must possess to be flexible. (10)

(b) Classify FMSs based on (i) type of operations, (ii) number of machines and (iii) fevel
of flexibility. Discuss each of them. (10)

(c) Explain the components and functions of primary handling systems and secondary

handling systems used in FMS with necessary drawings. Draw an open field layout and.

label different part/components of the system. How does an open field layout differ from
other types of layouts. (15)

. Contd .......... P72
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4. (a) Compare rapid prototyping and virtual prototyping, What does augmented reality mean? (10)
(b) Discuss retrieval CAPP system and generative CAPP systems briefly. (10)
(c) “Full in{plementation of CIM results in automation of the information flow through
every aspect of the company’s organization.”- Do you agree? Explain why. (15)
SECTION-B

There are FOUR questions in this section. Answer any THREE questions.

|
5. (a) Five machines will constitute a GT cell. The from-to data for the machines are shown

in the table below. (20)
f

To !

From 1 2 3 4 " : ,
1 0 10 80 0 ) :
2 0 0 0 85 0 i
3 0 0 0 0 0 ]
.‘ 4 70 0 20 0 0 !

5 0 75 0 20 0 o

- e -

e ity o]

(i) Det;annine the most logical sequence of machines for this data, and construct the
network diagram, showing where and how many parts enter and exit the system.

(ii) Compute the percentages of in-sequence moves, bypassing moves, and
backtracking moves in the solution.

(iii) Develop a feasible layout plan for the cell based on the solution.

(b) What do you understand by the concept ‘Key Machine’? 5
(c) What are|: the typical objectives in cellular manufacturing? : (10)
6. (a) What are the different types of vehicle navigation technology used in AGV? Explain. (20)
(b) Discuss the various measures used to assess the performance of a storage system. 15)

7. (a) What do you understand by Open Systems Interconnection model (OSI model)?
. |
Elaborate. | (20)

(b) What is the meaning of ATM with respect to Network Communications? Discuss. (15)
| : :
8. (a) Define Ithe term “Factory of the Future” and outline the key characteristics that
distinguish it from traditional manufacturing facilities. Provide examples of technologies
that contribute to the transformation of a factory into a future-ready facility. (20)
(b) Explain the role of Internet of Things (IoT) in the Factory of the Future. Discuss how

IoT technologies enhance connectivity, data collection, and overall efficiency in a
modern manufacturing setting. (15)
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SECTION - A
There are FOUR questions in this section. Answer any THREE.

1. (a) Managers must take two key decision when designing a distribution network. What

- are those two key decisions? With respect to these two key decisions, in case of

Bangladesh Drug (medicine) distribution, what will be your decisions? Justify your
answer. (15)

(b) Grocery chains Webvan, Peapod, and Albertsons have used this distribution network

" in their business. Probably, the same distribution network will be useful for a grocery

company in Dhaka city. What distribution network is this? Explain its operation with

right diagram. (20)
2." (a) What are the three basic steps to achieving (supply chain) strategic fit? (10)

(b) What is EDLP? Is it a logical driver? (5)

(c) What is Bullwhip effect? Explain with approprniate diagram. Give at least 3 examples

who (companies) found this effect in their chains. (17+3)

3. (a) Napaolitano and Jue described that as "just-in-time for distribution system". What is
that? Explain. ' (5)

~ (b) Which transportation network is used by Seven-Eleven supermarket chain? Why is it
justified? Explain with necessary diagram. (20)

4. (a) Describe the role of PayPal in relation with supply chain. , (15)
. (b) Tetra Ltd. supplies compressors to Aircon Ltd. for production of air coolers. Weekly
demand of compressor at Aircon is 1200 units, what they buy at a price of 200 $/unit.
Safety stock of compressor at Aircon is 40% of the average demand during delivery lead
time. Holding cost is 30% of the value of stock. Purchase lot size is 1500 units per order.
- Shipment cost of one lot from Tetra to Aircon is 300 §. While shipment time is 1 week,

order processing time at Tetra is another 1 week. Determine the followings: (4x5=20)
(i) Annual material cost
(11) Annual holding cost
(iii) Annual ordering (shipment) cost
(iv) Is the purchase lot size an EOQ for Aircon? Justify your answer with right logic.
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SECTION -B
There are FOUR questions in this section. Answer any THREE.

5. (a) AbL Corp. sources from hundreds of suppliers and is considering the aggregation of
indound shipments to lower costs. Truckload shipping costs $500 per truck along with
$100 per pickup. Average annual demand from each supplier is 10,000 units. Each unit
costs $50 and AbL incurs a holding cost of 20 percent. | (20)
(1) What is the optimal order frequency and order size if AbL decides to aggregate
four suppliers per truck?
(ii) What is the optimal order size and frequency if each truck has a capacity of 2,500
units? ‘ |
(b) Demand for smart phones at G&G store is 1,000 units per month. G&G incurs a fixed
order placement, transportation, and receiving cost of $4,000 each time an order is
placed. Each smart phones costs G&G $500 and the retailer has a holding cost of 20
percent. Evaluate the number of smart phones that the store manager should order in each
replenishment lot and determine the followings — (15)
(1) Cycle inventory
(1) Number of orders per year
(ii1) Annual ordering and holding cost

(iv) Average flow time

6. (a) Drugs Online (DO) is an online retailer of prescription drugs and health supplements.
Vitamins represent a significant percentage of its sales. Demand for vitamins is 10,000
bottles per month. DO incurs a fixed order placement, transportation, and receiving cost
of $100 each time an order for vitamins is placed with the manufacturer. DO incurs a
holding cost of 20 percent. Assume that the manufacturer uses the following marginal

unit discount pricing schedule. - (20)
Order Quantity | marginal Unit Price
0 - 5,000 $3.00
5,000 — 10,000 $2.96
Over 10,000 $2.92

Evaluate the number of bottles that DO should order in each lot.

(b) Weekly demand for keyboards at A&T is normally distributed, with a mean of 2,500
and a standard deviation of 500. The replenishment lead time is two weeks. Assume that -
the demand is independent from one week to the next. Evaluate the CSL resulting from a

policy of ordering 10,000 keyboards when there are 6,000 keyboards in inventory. (10)
(¢) Explain different types of Replenishment Policies with examples. (5)
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7. (a) Best Buy sells three models of computers, The Litepro, The Medpro, and the
 Heavypro. Annual demands for the three products are Dy, = 12,000 for the Litepro, Dy =
1,200 units for the Medpro, and Dy = 120 units for the Heavypro. Each model costs Best

Buy $500. A fixed transportation cost of $4,000 is incurred each time an order is
delivered. For each model ordered and delivered on the same truck, and additional fixed
" cost of $1,000 per model is incurred for receiving and storage. Best Buy incurs a holding
cost of 20 percent. Product managers have decided to order jointly, but to be selective
about which models they include in each order. Evaluate the ordering policy and cost
 using a suitable algorithm. (20)
(b) The processor in a supply chain are divided into a series of cycles, each performed at

the interface between two successive stages of the supply chain. Explain those cycles

with necessary diagram. (15)

8. (a) Supply chain processes fall into one of two categories depending on the timing of

their execution to end customer. With necessary diagrams and examples, explain the two
supply chain processes. (20)

| (b) The objective of every supply chain should be to maximize the overall value

generated which is known as Supply Chain Surplus. Explain the correlation amongst

Supply Chain Surplus, Consumer Surplus, and Supply Chain Profitability. (15)
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