mﬂﬂuﬁ\ (J“bl‘ﬂ L

Exam#1
MAE 4342

OPEN BOOK ONLY. CLOSED CLASS-NOTES,. HOMEWORK, QUIZ etc.

1) A beam is loaded and supported as shown below. Find the reactions R, and Ra.
Also find the shear and bending moment at ‘b’

Beam length L=1m

Distance to distributed load a=04m
Distance to reaction load b=0.6 m
Distributed load magnitude =200 N/m
Concentrated load F=500 N
Moment of Inertia 1=2.85 X 10* m*
Distance to extreme fiber ¢=2.00 X107 m

2) A shaft carrying 2 gears is supported by two bearings. For the data given below,
find the power loss at the left bearing for at least SE8 cycles at 1200 rpm using
hydrodynamically lubricated BY6M2e sleeve bearings.

Reaction at left bearing (Ri1)=67 1bf , Reaction at right bearing (Ryign)=1467 Ibf,
Shaft diameter (d) = 1.153 in,, Bearing (1/d) = 0.80, Shaft speed (n)=1200 rpm,
Clearance ratio = 0.0025, Ocvirk number (Oy)=40

(NOTE: Do not calculate pressure parameters like Pave, Pmaxs Omax et«c{:}



3) A simply supported shaft with overhanging load is shown below. A constant
magnitude transverse load P is applied as the shaft rotates. The shaft is also
subject to a Stwﬂ“m For the data provided, find the diameter of the
shaft required to obfain a safety factor of 2.5 in fatigue loading if the shaft is steel
of S,=118 kpsi and S,=102 kpsi. Assume no stress concentrations are present (all
‘k’ values are equal to 1), the shaft is machined, the required reliability is 90%
and the shaft operates at room temperature. The maximum moment in the shaft
occurs at the right bearing. Use Figure D-3(a) in appendix D (Page 954. Note that
in the figure a is the distance to the load and b is the distance between bearing).

A =16 1n, b=18 in, P=1000 Ibf, Tyax = 2000 Ibf-in, Factor of Safety (Ng)=2.5,
C|m,,;|=l, Csizg-_:]. 0 5 Csun=ﬂ.?ﬁ3, thmp=1 4

4) Two 8 P, gears ae mounted on a center distance of 16 in. The speed ratio is to be
7:9. Find the number of teeth in each gear.

5) Compute the bending stress for a pinion and gear pair. The pinion rotates at 1750
rpm and is driven by an electric motor. The driven machine is an industrial saw
(moderate shock value) requiring 25 hp. The gear unit is enclosed and is made to
commercial standards. The following gear data apply:

N,=21, N,=55, Pg=8, F=1.5in, Q.=6.The gears are 20 degrees, full depth,
involute teeth and the gear blanks are solid. Assume HPSTC loading
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REACTION FORCES

Force Balance
R+R,~F-w*(L-a)=0

R +R, -500-200*(1-0.4)=0
R +R, =620

Moment Balance (about R,)

R, *b+w*(L—a)*[a+(L;a)—b]+F*(L—b)=0

R *0.6+200*(1-0.4) *[0.4 +~(-1—# - 0.6} +500*(1-0.6)

R =-353.33N
R, =620—R, =97333N

SHEAR & BENDING MOMENT

Using Singularity Functions
g(x)=R(x-0)" —w(x—a)’ +R(x—-b)" —F(x-L)"
V(x)=R(x-0) —w(x—a) +R(x-b) —F({x—L)’ +C,

M@ =R (x~0) ~w™ L p (e b) - F(x-1) +Cix,



Since we have included reactions :C, =C, =0
(See Page 115, Table 3-7 to view values for singularity functions)

V,» =R(0.6-0)° —w(0.6-0.4)' +R,(0.6-0.6)’ - F(0.6-1)"
Vo5 =—353.33%1-200*0.2+973.33%1
V,, =580 N

1

(0.6-0.4)°

M_,=R{06-0) —w +R,{0.6-0.6) — F(0.6-1)

0"

M, =-353.33*%0.6-200*

Given:

Shaft diameter (d) =1.1531in

Bearing (1/d) =0.8

Shaft speed (n) = 1200 rpm

Clearance ratio =0.0025

Ocvirk number (Oy) =40

Ry =67 Ibf

Riight = 1467 Ibf

1) Tangential Velocity: U = ndn U=72.445 in/sec

2) Diametral Clearance: ca=(clearnace ratio).d ¢4=0.0029 in
Radial Clearance: ¢~05. ¢y _ ¢;=0.00144 in

3) Bearing length: 1/d=0.8 1=0.922 in

4) Experimental eccentricity is from equation 10.13 b
g, =0.21394 + 0.38517. log(On) — 0.0008. (On-60) g, =0.847



5) dimensionless parameter K, from equation 10.12 b
K. = Oy /(4n) K. =3.183

6) Viscosity of the Iuhri(s:ant (m) is found by rearranging equation 10.18 b
= (Rier. & (Ko ULI) 1=0.769 preyn

7) Find the angle @, which locates the 8=0 to m axis, from equation 10.8a

m1-¢2
¢ =atan| ——— ¢=26.24 deg
4g

X

8) The stationary and rotating torques can noiw be found from equations 10.9b
(substituting 0 for U;) and 10.9a using the angle ¢

I —ndZJ'U i T,=0.140 Ibf-i

¥ = . -in
C, 4“!'1 - 83

Ty =T+ Ry, .c,.€,.510(9) T,=0.176 Ibf-in

9) The power loss in the left bearing is found from equation 10.10
O=2n.T.n ©=0.00336 hp

Given:

Distance between bearing (a) =161n
Distance to load P (b) =18 in
Applied load (P) =18in
Tensile Strength (Sy) =118 ksi
Yield Strength (Sy) =102 ksi
Design Safety Factor (Ng) =

Steady Torque (Tppax) =2000 1bf-in

1) The maximum moment on the shaft occurs on the right bearing. Using the equation for
Figure D-3(a) in appendix D (Page 954)

a—-b b

BN —(x-—-b)l}

.M:F[
a

For x=a: M,=P.(a-b) M,=2000 in-lbf




2) The unmodified endurance strngth Se’=0.5Sy;  Se’=59 ksi
3) The ndurance limit modification factors for a rotating round shaft:

Load Cload=1

Size Chm‘:l

Surface Courinee=0.763

Temperature Crenp=1

Reliability Craiav=0.897 (R=90% From Table 6-4 Page 331)

4) The modified endurance limit is now given by:
Se=CroadCaize CoutCramp CralinbSe’ S:=40.38 ksi

5) diameter (d) of the shaft is given by

L |

i 32N, |( M, +E
T S 4




2P,C =N, +N, :%Nz +N, =1—;—N2

SN, = -s-;’-.Z.jE’ﬂT C= 1—%.2.8.16 =144 teeth  (answer)

16
: ; 7 7
which gives N, = ENE = 6'144 =112 teeth (answer)

For Pinion: rpm=1750  number of teeth (Np) =21
For Gear: number of teeth (Ng) =55
Common: Diametral pich (Pg) = 8
Face width (F)=1.5
Quality Index (Qv) =6
Teeth are 20 degrees, full depth and gear blanks are solid
HPSTC loading

1) Transmitted Torque (T) = (HP/wp)*63000 = (25/1750)*63000 = 900 Ibf-in

2) Pinion Diameter (Dp) = Np/Pg=21/8 = 2.625 in

3) Tangential Force (Wt)

Torque = Wt * (Dp/2) OR Wt=(2*T)/Dp = 685.71 Ibf
4)Ka=1.25 (Table 11-17 pg 669)

Km=16 (Table 11-16 pg 669)

Ks=1.0

Kb=1.0 (Solid Blanks)

KI=1.0 (not an idler)

J (pinion)=0.34  (Table 11-9)
J(gear) =040 (Table 11-9)

5)Kv
Vt = (dp/2).mp = (2.625)(1750)(2x)/(2*12) = 1202.64 ft/min
B=(12-Qv)*? / 4 =0.826
A=50 + 56(1-B) = 59.745
Kv = (A/(A + sgr(Vt))® = 0.685



6) Bending stress is given by:

WP, KK
— i~ d a m KSKBKI
Fl K.

g,

For pinion:  op= 31,405 psi
For gear: oy = 26,694 psi



MAE 4342
(Machine Design IT)

Finals (Part A: Closed Book and Notes)

Name: Student ID#

Briefly explain/define any 5 of the following: (2X5=10 points)

1) Principal Stress
For any combination of forces, there would always be planes on which the shear-stress
component would be zero. The normal stress acting on these planes are called principal

stresses.

2) Slenderness Ratio of a column
The slenderness ratio (Sr) is used to determine if a column is long or short.
Sr=l/k , where I=length of the column and k is its radius of gyration

3) Critical speed of a shaft
When a shaft is subjected to a transient load, then it vibrates at its natural frequencies. A

natural frequency is also called a critical frequency or critical speed. The forcing
frequency should be kept lower than the critical speed to avoid resonance.

4) Hydrodynamic lubrication

It refers to the supply of sufficient lubricant to the sliding interface to allow the relative
velocity of the mating surfaces to pump the lubricant within the gap and separate the
surfaces on a dynamic film of liquid.

5) Diametral pitch of a spur gear
Diametral pitch (pa) of a gear is the ratio between its number of teeth (N) and the pitch

diameter (d). ps=N/d

6) Effective spring rate of springs in series and parallel
Series: Vkeg=1/ky + 1/ka +1/ks+ ............ +1/k,
Parallel: kef[‘=k]+k3+k3+......____+kn

7) Self locking of power screw
It refers to a condition in which the screw cannot be turned by application of any
magnitude of force applied axially (not as a torque) to the nut.

8) Self-energizing brakes
In this situation, the direction of brake drum rotation helps to add the friction moment to
the actuating moment provided by the external force.



