ME 354 Summer 2022: Final Exam Name: Sp’eu’-k M

August 5, 2022

INSTRUCTIONS
Begin each problem in the space provided.
If your solution does not follow a logical thought process, it will be assumed to be in error.

Your submitted exam must be your work and must not be copied from other sources.

GUIDELINES FOR ZOOM PROCTORING

— Mute yourself but your audio should remain on for the duration of the exam in order to hear any
instructions or announcements of clarifications.

— Your webcam and audio should remain on for the duration of the exam. Webcams should be located
off to one side so that your hands and desk materials are visible in the frame. Your face does not
need to be visible in the frame.

— Open a chat window at the start of the exam and keep it visible throughout the exam. The chat
window will allow you to correspond with the proctor, but you will not be allowed to correspond with
your peers.

— The proctor may ask you to show the room in which you are working as well as other materials in
order to ensure academic integrity of the assessment.

— The exam will be e-mailed to you at the beginning of the exam.

— You may print the exam and work on those pages, view the exam on your computer and work
problems on blank pages, or work the exam on a tablet.

— Questions for the proctor should be asked during the exam using the chat window.
— Clarifications made by the proctor during the exam will be made vocally and in the chat window.

— When you have completed the exam, you should scan/save your work as a single PDF file and upload
the exam to Gradescope.

— If you lose your connection during the exam, be patient, continue working, and wait for the
connection to return. If the connection does not recover within a couple of minutes, then you may be
asked to take a make-up oral exam (via Zoom) in place of the written exam.

— The exam will be recorded, with only the course instructor having preliminary access to the
recording. The video recording will only be reviewed for the purpose of identifying potential cheating
incidents and will be deleted after one week from when the exam was completed if no cheating
allegations have been made. If a cheating allegation has been made, then the recording will be
retained until the cheating incident has been resolved. Any student accused of cheating will be
allowed to review the video recording as part of their due process. All incidents of academic
misconduct will be referred to the Office of the Dean of Students who will be provided access to
recordings, as well as other supporting documentation to utilize in their process of determining
potential violations of University policies on academic dishonesty.
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PROBLEM No. 1 (25 points)
Problem 1 consists of 10 questions. Each question is worth 2.5 points.
(a) Gears should be designed so that exactly one pair of teeth are in contact at all times.
O True
© False

(b) Match each of the terms with the correct gear in the figure.
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(¢) Which of the following are conserved in a spur gearset?
@ transmitted load
@ power
[] torque

] angular velocity

(d) What is the train ratio e for this gear train? Gear 1 is the input and Gear 7 is the output. Include
the correct sign in your answer.

N, ;
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(e) For the gear train in part (d), if the input gear (gear 1) rotates at 100 rpm counterclockwise, what
angular velocity of the output gear? Clockwise or counterclockwise?

W
“* 000 9wzl v CW
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(f) For the gear train in part (d), if the input gear (gear 1) is driven with 50 1bf of torque, how much
torque is delivered by the output gear?

TL = o000 —7 Ta = 309 4 M\\,c
dV w-
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(g) Which threaded fastener will be stronger when loaded axially?
O 1/4-20
® 1/4-28

(h) A 3/8-16 steel bolt is used to clamp 1.5 in of material. Find a suitable bolt length.

L71+H LS+ 0.9229126 — Choose L=2in
H= 2. Wl from Table A2

(i) For the bolted joint in part (h), determine the bolt stiffness, kp.

bp= 1A%t Kgelin

(j) For a member stiffness k,, = 1200 MN /m, find k; for the joint stiffness constant to be C' = 0.2.

b,z fkmﬁ T 200 malm = %00 MN [m
[~C 1,0,
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PROBLEM No. 2 (30 points)
A 20° spur pinion with 20 teeth and a diametral pitch of 8 transmits 0.2 hp to a 36-tooth gear.

The pinion speed is 3055 rpm and the gears are grade 2, 0.75-in face width, through-hardened steel at 350
Brinell, uncrowned, manufactured to a No. 6 quality standard, and considered to be of open gearing
quality installation. The power source is uniform but the driven machine has moderate shock.

The pinion life is 10% cycles and the reliability is 96%.

Determine the following.

a) Complete the table on the next page using the AGMA equations for this gearset.
b) Calculate Sy for the pinion.

¢) Will Sy be higher or lower for the gear as compared to the pinion? Briefly justify your answer.
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PROBLEM No. 2 (continued)

Include units in order to receive full credit.

Clearly describe how each variable was obtained (e.g., show the calculation, identify the equation, list the
reference table/figure).

\ven

Variable Pinion Supporting work, assumption and/or reference
@ | 1900 Vgt Tuple (48 v skl pinin + gar
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PROBLEM No. 3 (20 points)

A two-stage double-reduction speed reducer is shown below. All gears are 20° spur gears and the module is
constant throughout the gearset.

The input shaft of the speed reducer rotates clockwise at 3000 rpm.

The speed reducer delivers 1.5 kW to a machine at two different speeds, depending on which gear on the
output shaft is meshing with which gear on the counter shaft.

— First gear: when gear 5 meshes with gear 4, the output shaft rotates at 1000 rpm clockwise.

— Second (reverse) gear: when gear 8 meshes with gear 7, the output shaft rotates at 500 rpm
counterclockwise.

The input shaft and the output shaft are aligned.

Second (reverse) gear
First gear 1
Input Output

1_ shaft r shaft
Iy -t
2
- Idler
5 shaft
- 8
— _
B =X g T I e 3y —
f a
4
3 - Counter shaft

Determine the following.

a) For first gear, find the minimum number of teeth on each gear (Na, N3, Ny, and N5) while avoiding
interference for full-depth teeth.

b) Having found Ny and N3 in part (a), find the number of teeth on gears 6, 7, and 8 to achieve the
required output speed. You need not consider interference when designing second (reverse) gear.
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PROBLEM No. 4 (25 points)

The cylindrical pressure vessel and the head shown below are made of aluminum.

There are five steel 1/2 in-13 UNC grade 8 bolts holding the head on the cylindrical pressure vessel.
The bolts are to be permanently tightened.

The internal pressure, p, fluctuates between 0 and 400 psi.

| 7in.

0.5in.
0.5in.

Determine the following.

a) The torque needed to tighten each bolt.
b) The bolt length, L, in inches.

¢) The bolt stiffness, k.

d) The member stiffness, ky,.

e) The joint stiffness constant, C.

f) The yielding factor of safety, n,.

g) The overload factor of safety, n,.

h) The joint separation factor, ng.

i) The factor of safety for infinite life using the Goodman criterion, ny.
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