ME 354 Fall 2022: Final Exam Name: 5‘1{(;:]—{ v

December 12, 2022

INSTRUCTIONS
Begin each problem in the space provided.

Write on the front side of the paper only. Work appearing on the back side of the paper will not
be graded. Extra paper is available in the exam room.

If your solution does not follow a logical thought process, it will be assumed to be in error.

You must turn in your crib sheet with your exam.

In which section are you enrolled?
O Hess - 10:30-11:20 am
(O Hess - 12:30-1:20 pm

(O Akin - 3:30-4:20 pm
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PROBLEM No. 1 (25 points)

Problem 1 consists of 10 questions. Each question is worth 2.5 points.

(a) A spur gear set has a gear ratio of mg = 4 and a diametral pitch of P = 10 teeth per inch.
The center-to-center distance between the gear and the pinion is 5 inches.

What are the pitch diameters of the pinion (dp) and the gear (dg)?
,70 Flr =5in

- A _ _&_ — rér?'Ller
dp 1P )
Vo + tr,=5in = lp= 1M

(b) In the old-fashioned hand-cranked egg beater shown, the large gear (A) rotates in the vertical plane

and drives a smaller gear (B). Gear B rotates in the horizontal plan and drives gear C, where gears
B and C are the same size.

dr= 2N

o= € In

What type of gear is gear B?
(O miter gear
(O screw gear

@ bevel gear 6“,{4 m /].. ﬁ){-&d/

Wworm gear
O g

(c) Select all of the correct statements below.

8 Gear interference can be corrected by undercutting the gear teeth

] Undercutting strengthens gear teeth
[] Gears should be designed so that exactly one pair of teeth are in contact at all times

The radial component of the contact force in gears serves no useful purpose
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(d) Determine the module for the gear shown below. The gear is drawn to scale.

- 34mm -

30mm
Pitch Diameter

(e) A four-stage compound spur gear train for an overall ratio of approximately 892:1. What is the
approximate gear ratio in each stage?

o0u Ty = Gdes o chews €5

@55
O 6.5

(f) Compared to coarse-thread fasteners, which of the following statements are true?

[] Fine thread fasteners are more resistant to threads stripping
8 Fine thread fasteners have better adjustment accuracy
[] Fine thread fasteners have faster assembly speed

W Fine thread fasteners are better applications where vibrations may be present

(g) Winches are devices used to pull heavy loads. They usually have a rope or cable that is wound
around a drum, which is turned by a handle or crank.

What are two reasons that worm gears are well-suited to be used in a winch?

L WY m 6am ML Self In{éw\o
2 W@ﬂ/ e ruios b prable
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(h) Bolt threads strip due to cyclic loading.

O True
O False

(i) Torque control is the most accurate way to control preload in a threaded fastener.

O True
@ False

(j) What is the most interesting thing you have learned this semester? It does not need to be something
learned in ME 354.

b s
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PROBLEM No. 2 (25 points)

The compound gear train shown below includes 5 gears located on 4 shafts. Gears B and C' are on the
common shaft 2.

Gear A rotates clockwise (CW) at 1500 rpm and has a power input of 5 kW.

The module of all gears in the gear train is 2 mm.

Determine the following.

a) Complete the following table. Justify your answers and/or include free body diagrams where
applicable.

b) The train value, e.

¢) The power delivered by gear E.

d) Identify any gears that function as idlers in the gear train. Justify your answer.

Gear | # of Teeth | Diameter (mm) | Direction | Speed (rpm) | Torque (N-m) | Transmitted load (N)
A 15 20 CW 1500 3]. 8 2122
B 15 20 w g oo 3.8 2122
c| = | (00 tew | Jso0 | 318 0366
D 25 50 cw | 2000 /5.9 bh36.6
E 60 |20 cClw | 1260 8. Z h3¢ 6

A:fﬁ:ﬂf’f'l&ﬂb Mod/“l&‘
dp = 19 2m™ g

Wy

c &"-\r)u =
Ne

15

- .

3

[S00 =

30 MW
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PROBLEM No. 2 (continued)

b)

-—OY.—

No
No ) - v gow= 250 1PV
We = (\T';WD bo
' Nm /s 2.9 N-m
5000 = ) -
_ prwar . 29—
’hY1MA - ,b" rév EM
w 1500 250 Fev 605
W - Ta | 3ls Nm  _ 9i92 N
b b
W= Wy - 3.9 N-w

l\\- 0.0lSm =
f\Nt r‘B = 2022
b Abﬂ me oM ohatt > Ta=Te
B M

f\l’m _ 20. b "J W P
t I& 3.8 - b :

r g5 m .
2 0 uvl.%réi/lr&d_
T oW = p36 N 0.025 m= 157 Now
=
. 392 N-m
T ~Whte = 366N p.obm = 3
0y IS0 (g
282 N"™ - | o
’{_/E- — — N/W‘- 1.

8
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PROBLEM No. 3 (20 points)

An external gearset consists of two spur gears. The pinion has 15 teeth and drives a 45 tooth gear.
The gears have a 20° pressure angle and a 1-inch face width. The diametral pitch is 6 teeth/inch.
The gears are grade 1 steel, through-hardened at 200 Brinell made to No. 6 quality standards.

A pinion life of 10® cycles is desired, with a 90% reliability.

The pinion rotates at 3000 rpm and the input power is 10 hp.

Determine the following.

a) Complete the table on the next page for the pinion using the parameters given in the problem
statement.

— Show your work and include units where applicable.
— Reference information is provided on subsequent pages.

— If needed, use the lower boundary of the shaded region when finding Yy and Zy.

b) Calculate the gear bending stress (o) and the bending factor of safety (Sr) using the AGMA
equations.

¢) Calculate the gear contact stress (o.) and the wear factor of safety (Sg) using the AGMA equations.

d) How do Sr and Sy found in parts (b) and (c) change if the number of gear teeth is increased to 607

| 2.5 In 1| 035 fom Fgltrsl
Np | 15 teeth Sy | 28,260 psi

Py | 6 teeth/inch Y 0.918

v 11b3.6 £tlmin | x| | pseume Te29
we | oS |bf Kn| .85

K, |1 C, | 2300 psi
K| ],6 Hrm Flgﬂ MA| 1| 0.]12
K |1 Se | 93,500 psi

F | 1inch Zn | 0. M
K | 1.2225 Cr | 1

Kp | 1
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Figure 14-9
Dynamic factor K,. The 18 / Q=5
equations to these curves are / 9=
given by Equation (14-27) 1.7 /
and the end points by / / 0,=7
Equation (14-29). (ANSI/AGMA 1.6 /
2001-D04, Annex A) N / / s
g 15 / . -
& / / / / —
2 0,=9
E 14 _—
AT
1.3 // // ~ 0. =10
1.2 / '/ E—
11 S
‘__\ “Very Accun;ate Gearing”
1.0 [ 4 V.4 ) | 1
0 2000 4000 6000 8000 10 000
Pitch-line velocity, V,, ft/min
\ % 1000 £4[min
30 NOTE: The choice of Y, in the shaded Figure 14-14
4.0 Yy=9.4518 N~0148 area is influenced by: Repeatedly applied bending

400 HB

3.0

Yy =6.1514 N~01192

Pitchline velocity

(Case _c_ar_ll.\ Gear material cleanliness
2 250 HB — -0.1045 - Residual stress

) Nitrided > Vy=49404N Material ductility and fracture toughness

g 20

g5 - —00817

j Yy =3.517 N7O%

2

o

z -0.0178

2 Yy=13558N

g

“ 1.0 1.0
0.9 0.9
0.8 0.8
0.7 Yy=1.6831 N 055 147
0.6 0.6
0.5 0.5

10° 10° 10* 10° 10° 10’ 10° 10° 10'°

Number of load cycles, N

Table 14-10 Reliability Factors Ky (Y7)

Reliability Kg (Y,)
0.9999 1.50
0.999 125
0.99 1.00
0.90 @

S —”
0.50 0.70

Source: ANSI/AGMA 2001-D04.
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5.0 i -
NOTE: The choice of Zy; in the shaded Figure 14-15
4.0 zone is influenced by: Pitting resistance stress-cycle
0 Lubrication regime factor Zy. (ANSI/AGMA
: Failure criteria 2001-D04.)
= Smoothness of operation required
l‘\_], Pitchline velocity
2 20 Gear material cleanliness ’-0. 0 gé
& 7. = 2466 N-0056 Material ductility and fracture toughness 8
2 N= 2 Residual stress % = Z L”w lv
> L}
3 Zy=1.4488 N0 N
E 1] e e e e
« 1.0 /' = —
0.9 - - g
0.8 Nltnded_0 38 e "
07 Zy=1249N
0.6
0.5
10° 10° 10* 10° 106 107 108 10° 10'°
Number of load cycles, N
— 4 — Pinion addendum 1.000
g Gear addendum 1.000
=
0.60 3 % 0.60
2 £
- 1§ E3
° s =
0.55 : % / 1000 %’0 g 0.55
£ / 170 ,:: E
0.50 // /‘ 50 %%’b 0.50
~ / 7 L 2%
g 045 // e N 0.45
z 0. .
& Generati X 1 pitch "
z enerdiing rack - piie / ;;;4 / Number of teeth
= ,%4 P in mating gear
s 040 — — 0.40
3 -
3 / / / L~
035 == — 0.35
7y
_——
0.30 V/ 030
—
///
0.5 /-/<~ Load applied at tip of tooth 025
//
0.20 0.20
s
12 U 17 20 24 30 35 404550 60 80 125 275 oo
Number of teeth for which geometry factor is desired

Figure 14-6 NP-? [g

Equation 14-23 for an external spur gear set where my = 1, mg is the gear ratio, and ¢; the pressure angle.

(0520 Sin%° 3

cos gy singy  mg —

=
2mpy mg + 1 2. ’ %_(,l
Pagerf

I =
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PROBLEM No. 4 (30 points)
As shown in the figure below, two steel plates are compressed with one bolt and nut.
Two identical washers are also used under the head of the bolt and nut.

The M16x2 grade 8.8 steel bolt has A; = 157 mm? and strengths S,; = 830 MPa, S, = 660 MPa, S, = 600
MPa, and S, = 129 MPa.

The steel washers are 2 mm thick.
The nut height is 14.8 mm.

The plates are steel. The top plate is 20 mm thick and the bottom plate is 40 mm thick.

Theboltwillb__e [—/-& = 0,45—@: ﬂ?’f%%

The external load applied to the bolted joint fluctuates between P,,;, = 20 kN and P4, = 80 kN.

Determine the following:

a) A suitable length for the bolt (round up the length to the nearest 2.5 mm)
b) The bolt stiffness, k;
d

The joint stiffness constant, C

)
)
¢) The overall stiffness of the members, k,,
)
e)

For the bolt determine the following;:

i The factor of safety guarding against the static loading, n,
ii The factor of safety guarding against the joint separating, n,

iii The factor of safety guarding against fatigue, ny

Washer 1

ty = 20mm

t, =40 mm

Washer 2/

/p:: &[I[’W"

) Lo+ = o e e E Gomm £ 144 mm

= HSmm — ””“"“{“’f’% a0
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PROBLEM No. 4 (continued)

b) Alle proces  Tuble €%
l: 04 mm

L, = 24+ b mm = 2. 16mm F Lmm = B8 mm
T

~ = Y42 mw
A= L-Lr= 90— 2% -
Lo = A7 pt-42= 7
e T 42 f[/bmu)'»’ 2001 mm*
S

S R E 3 20l.1-]s% - 20 _ CA3.| Gon-mm
' Axb+M4 il + 1547

c) k= Ko (B4{2)
_0ag71S - 204-10° MY o01L m - xp (0.022%- /o)
. -

= %060 MN/m
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129 mPa (820 mPa = 5o mPx)
= /‘ 7'

Ny = -
(30 0L+ 127(s0l-6- #ev)



