MCG 3131      
MACHINE  DESIGN             
 APRIL 2009
FINAL EXAMINATION

Open book.
Calculators permitted.
Attempt all questions. Time: 3hrs.

1- In an assembly with the loading arrangement shown in the figure the pipe shape part is kept in place using a ¾ in-16 UNF bolt. The total load F varies from 2000 to 8000 lb. The material in the bolt tests UTS = 150000 psi, yield point = 140000 psi and endurance limit for the part Se = 47000 psi with the stress concentration factor for the threads equal to 3.85 for both static and fatigue loading. Both the bolt and the part are made of steel. The cross sectional area of
the part is equal to 1.25 in2. The whole length of the
bolt is threaded. Use the Soderberg line and 
a) Determine the factor of safety for the bolt material
 when there is no preload in the bolt.(6 points)
b) If the initial force between the bolt and the part is 
8000 lb, determine the factor of safety. (8 points)
c) Repeat b) with initial bolt force of 13000 lb. (6 points)
2- In the following figure, the gear 2 is the driver of the system with 10 kwatt input. It is engaged with gear 3. Gears 3 and 4 are mounted on the same shaft and rotate together. Gear 4 is in engaged with gear 5. Gear 5 consumes 8 kw power and the rest of power is used by the shaft of gears 3 and 4. Gear 2 rotates 200 rpm clockwise. Gear 2 has 12 teeth, gear 3 has 24 teeth, gear 4 has 18 teeth and gear 5 has 30 teeth. The pressure angle is 20 degrees. The module of gear 2 is 3 mm and module of gear 5 is 2 mm
a) What is the train value for this gear train? (4 points)
b) Draw the free body diagram for gears 3 and 4 and find the total force applied on the shaft of gears 3 and 4. (12 points)
c) Find the distance between the centers of gears 2 and 5. (4 points)
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3- 
The helical and leaf springs shown are in contact at point A before loading. The helical spring is made from 4 mm diameter wire. The spring index is c = 5 and the spring has 10 active coils. Both the leaf and helical springs are made from steel. The leaf spring is like a cantilever beam and has a cross section of 6 mm × 6 mm.
a) Determine the stiffness of the helical spring. (5 points)
b) Determine the stiffness of the leaf spring. (5 points) 

c) The force F = 500 N is applied at point A.


Determine the maximum bending stress in the leaf


spring and maximum shear stress in helical spring.

(10 points)
4-
The shaft shown is made of steel and has a diameter of 30 mm and is simply supported at points A and B. Two masses of 20 kg and 25 kg are mounted on the shaft as shown.

a) Consider the shaft weightless and find the first critical speed using Rayleigh method.

(8 points)

b) Solve part a) using Dunkerley’s equation. (6 points)
c) Consider the weight of the shaft and find the intrinsic critical speed and also the first critical speed of the shaft.  (6 points)






5-
A 02-series deep groove ball bearing is to be selected to carry a radial load of 8,000 N and a thrust load of 3,000 N. The desired life is to be 5000 hrs with an outer ring rotation of 1000 rpm. What is the basic load rating that should be used in selecting a bearing for a reliability goal of 0.95? (20 points)
1-
d= ¾ inch, Astress = 0.373 in2
a) F1 = 8000 lb, F2 = 2000 lb. then   Fmidrange = 5000 and Fampl = 3000 lb

σmidrange  = 3.85 × 5000/0.373 = 51609, 

σampl  = 3.85 × 5000/0.373 = 30965,

Soderberg line: nσa/Se +nσm/Sy = 1,  n × 30965/47000 + n × 51609/140000 = 1 , n = 0.97
b) Kbolt = AE/l and Abolt ≈ 0.5 (0.351 + 0.752×π/4) = 0.396
Kpart = 1.25 E/l

c = kb/(kb + km) = 0.396/(0.396 + 1.25) = 0.241

Fb1 = cP + Fi = 0.241 × 8000 + 8000 = 9928

Fb2 = cP + Fi = 0.241 × 2000 + 8000 = 8482
Famp = 723, σampl  = 3.85 × 723/0.373 = 7463
Fmid = 9205, σampl  = 3.85 × 9205/0.373 = 95011
Substitute in Soderberg eqn then n = 1.19

c) Fb1 = cP + Fi = 0.241 × 8000 + 13000 = 14928

Fb2 = cP + Fi = 0.241 × 2000 + 13000 = 13482
Famp = 723, σampl  = 3.85 × 723/0.373 = 7463

Fmid = 14205, σampl  = 3.85 × 14205/0.373 = 146620
Substitute in Soderberg eqn then n = 0.83

2-

e = (12/24) × (18/30) = 0.3
200 rpm = 20.944 rad/s

d2 = 3×12= 36 mm

P = F V = F r ω = 10000 = F × (36/2) ×20.944, then FT23 = 26526 N

ω5 = 20.944×(12/24)×(18/30) = 6.2832 rad/s
d5 = 2×30= 60 mm

P = F V = F r ω = 8000 = F × (30×10-3) ×6.2832, then FT45 = 42440 N

Fn23 = FT23 × tan 20 = 

b) Fsx = 9655-7723 = 5792

Fsy = 926526+ 42440 = 68966

Ms = 42440×(36/2) – 26526 × (72/2) = 192.3 Nm

c) d3 = 24×3= 72 mm

    d4 = 2×18= 36 mm

dd = (d2+ d3+ d4+ d5)/2 =  (36+73+36+60)/2 = 102 mm

3-

a)

d = 4 mm and c = 5= D/d then D = 20 mm , N = 10  and G =79.3 GPa

Kh = d4G/(8D3N) = 31720 N/m

b)
E = 207 GPa, L = 0.12 m and I = 6×63×10-12/12 = 108 ×10-12 m4
y = FL3/3EI  then kl = F/y = 3EI/L3 =  38812.5 N/m
c)
k = Kh + kL = 70532 N/m

y = F/k = 500 / 70532 = 0.007089 m

FL = kL ×0.007089 = 275 N

Fh = kh ×0.007089 = 225 N

σL = Mc/I = 120 × 275 × 3 / 108 = 916 N/ mm2
KB = (4c+2)/(4c-3) = 1.29

τh = KB× 8FD/πd3 = 231.7 N/mm2
4-

E = 207 GPa

I = 3.976×10-8 m4, 6EIL = 37037

y1 because of application w1 is Fbx/6EIL (x2 +b2 –L2) = -1.654×10-4 m

y2 because of application w2 is Fbx/6EIL (x2 +b2 –L2) = -2.067×10-4 m
y1 because of application w2 is Fbx/6EIL (x2 +b2 –L2) = -1.809×10-4 m

y2 because of application w1 is Fbx/6EIL (x2 +b2 –L2) = -1.447×10-4 m

where in the above equation L = 0.75 m and b = 0.25m and x = 0.25 or 0.5 m
y1 = (y1 because of application w1)  +   (y1 because of application w2  ) =  3.463×10-4 m

y2 = (y2 because of application w1)  +   (y2 because of application w2  ) =  3.514×10-4 m

a)

Rayleigh equation: 

ω1 = [9.8 × (20×3.463×10-4 +25 × 3.514×10-4)/(20×(3.463×10-4)2 + 25 ×(3.514×10-4)2)]1/2 = 167.5 rad/s

b)

ω11 = [9.8 /1.654×10-4]1/2 = 243.4 rad/s
ω22 = [9.8 /2.067×10-4]1/2 = 217.7 rad/s
1/ ω1 = 1/ ω11 +1/ ω22  then ω1 = 162.3 rad/s
c)

ωint = (π/0.75)2 [9.8×207×109×3.976×10-8/ (π×0.0152×76.5×103)]1/2 = 678 rad/s

1/ ω1 = 1/ ω11 +1/ ω22  + 1/ ωint then   ω1 = 157.8 rad/s

5-

Reliability of 0.95 then a = 0.62

1000 rpm × 5000 hr ×60 min/hr = 300000000 rev /0.62 = 486.87 ×106 rev

Consider d= 40 then C10 = 30.7 kN and C0 = 16.6 kN
Fa/C0 = 0.181 then e = 0.2 then X2 = 0.56 and Y2 = 2.22
Fe = 0.56×1.2×8+2.22×3 = 12.04 kN
FL1/a = constant then F(106)1/3 = 12.04 × (486.87 ×106)1/3 then F = 94.21 kN = C10
For trial number 2 we start with d= 90 and C10 = 95.6 kN and C0 = 62 kN
Fa/C0 = 0.0484 then e = 0.249 then X2 = 0.56 and Y2 = 1.78
Fe = 0.56×1.2×8+1.78×3 = 10.72 kN

FL1/a = constant then F(106)1/3 = 10.72 × (486.87 ×106)1/3 then F = 84.16 kN = C10
For trial number 3 we start with d= 85 and C10 = 83.2 kN and C0 = 53 kN
Fa/C0 = 0.0566 then e = 0.26 then X2 = 0.56 and Y2 = 1.71
Fe = 0.56×1.2×8+1.71×3 = 10.51 kN

FL1/a = constant then F(106)1/3 = 10.51 × (486.87 ×106)1/3 then F = 82.51 kN = C10
Which is very close and below 83.2 kN which is chosen.
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