MCG 3131      
MACHINE  DESIGN             
 APRIL 2010
FINAL EXAMINATION

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

1- 
A rotating shaft is supported in vertical direction by a pair of ball bearings. Ball bearings have a load rating of C10 = 5.07 kN and basic static load rating of C0 = 2.24 kN. The weight of the shaft assembly is 380 N. At lower part, at the pulley, a radial load of F = 900 N is applied in half of the cycle of rotation at 900 rpm. During the remainder of the cycle a load of F = 450 N is applied at 1800 rpm. Find the expected life of the most heavily loaded bearing in hours for 99% reliability. The ball bearings are fixed on the shaft but can slide axially until come in contact with the stops on the support. (23 points)



            





  





2-
A “Peened” compression helical spring is made with set removal method. It is used in a valve and the force in spring changes from 6 lb when the valve is closed to 10 lb when it is open. The change of length of the valve is 1 in. The spring has 10 active coils and is made from music wire with diameter of d = 0.037 inch and material with shear modulus of elasticity of G = 11.85 × 106 psi. Determine the factor of safety of the spring for infinite life


a) Using Gerber theory with Zimmerli data.

b) Using Sines torsional fatigue criterion with Zimmerli data.

c) Find the critical frequency of spring.

d) When the valve is open the total length of spring is 1 inches.  Is buckling possible if                                 the spring has fixed ends? (24 points)
3- 
In the figure shown gear 2 is the driver and provides 3 kw of power at 1200 rpm. The shaft on gears 3 and 4 uses 1 kw of the power and the rest is used in gear 5. The pressure angle is 20 degrees and the gears have a module of 


3 mm. Draw the free body diagram of assembly of 

gears 3 and 4 and show all forces applied on them 

and also show the reaction from the bearing of the shaft.

The number of teeth on each gear is shown on the

figure. Gear 2 rotates clockwise.

What is the train value? (18 points)


4-
In the following figure the arm is welded to the plate A using 3/8 inch fillet weld, 2 inch long on both sides of the arm and plate A is riveted to the base plate using four ½ inch diameter rivets. If the tensile yield strength of material for both rivet and weld is 30 kpsi, use Von Mises theory and determine 

a) factor of safety in the weld

b) factor of safety in the rivets in shear

c) factor of safety in rivets in bearing stress

all the plates are 0.5 inch thick.

(25 points)


All dimensions in inches











5- 
A full journal bearing has a journal with diameter of 1.5 inch and bushing bore has a diameter of 1.503 inch. The l/d (length to diameter ratio) is 0.5. The bearing load is 400 lbf and journal rotates at 1200 rpm. The oil is SAE 40 at 120˚ C. Find the minimum film thickness, the power loss and the side flow. (10 points)

Answer 1:
100 rpm = 10.47 rad/s, 
P = T × ω,  2000 = T × 10.47,   then T = 191 Nm, 
T = (P1-P2)×D/2,   191 = (P1-P2) × 0.4/2   then  (P1-P2) = 995 N
P1/P2 = efΦ = e0.3× Φ = 2.57

P1 = 1563.3 N, P2 = 608.3 N








(8)
a)
B = 1563.3 N and C = 608.3 N then F = (1563.3×80+608.3×480)/580 = 719 N
(2)
b) 
F = (1563.3×480+608.3×80)/580 = 1377 N





(2)
c)
pmax = 2p1/(bD) = 2×1563/(0.05×0.4) = 156300 Pa



(2+1)
Answer 2: 

A = 50×2×6×0.707 = 424.2 mm2




(1 + 2 for knowing CG)
τ’  = 2000/424.2 = 4.71 MPa








(1)
T = 2000 × 0.05 = 100 Nm








(1)
J = 2×(J0 + Ar2) = 2 ×(AL2/12 + Ar2) = 2 × 212.1 × (502/12 + 502) = 1.1489 ×106 mm4
(1)
τ"  = Tr/J = 100 × (502 +252)0.5 × 10-3/1.1489 ×10-6 = 486 MPa



(2)
θ = tan-1 (25/50) = 26.56ᶱ








(1)
τmax  = [(4.71 + 4.86×cos 26.56)2 + (4.86 × sin 26.56)2]0.5 = 9.314 MPa


(4)
1018 HR (from table A20 page 1020): Sut = 400 MPa and Sy = 220 MPa


(1)
E6010 (from table 9-3 page 472): Sut = 427 MPa and Sy = 345 MPa


(1)
S’e = 0.5 × Sut = 0.5 × 400 =200 MPa






(2)
ka = 272 × (400)-0.995 = 0.7, kb = 1, kc = 0.59, kd = kf= ke =1




(3)
Sse = 0.7 × 1 × 0.59 × 200 = 82.6 MPa






(1)
Nfs = Sse/t = 82.6/ (2.7 × 9.314) = 3.28





(1+1)
Answer 3 
dm = d –p/2 = 30 – 4/2 = 28 mm







(1)
a)
TR = ½ F× dm [(L + πfdm)/(πdm – fL) + Ffcdc/2

=½ 6000× 28 [(4 + π×0.05×28)/(π×28 – 0.05×4) + 6000×0.05×50/2 = 15538 N
(2)
TL = ½ F× dm [(-L + πfdm)/(πdm + fL) + Ffcdc/2 = 7863.5 N.mm


(2)
b)
10 mm/s = 2.5 pitch = 2.5 rev/s = 15.7 rad/s


P = TR×ω = 15.538 × 15.7 = 244 watt





(4)
c)
e = FL/2π TR = 0.246








(2)
d)
τTR = 16 TR  /πdr3 = 16 × 15.54 / π× 0.0263 = 4.51 MPa



(2)
σaxial = 4F/πdr2 =4 × 6000 / π× 0.0262 = 11.3 MPa




(2)
σbending = 6×0.38F/πdr×p =6×0.38 × 6000 / π× 0.026 ×0.004 = 41.87 MPa

(2)
σe =[((41.87-(-11.3))2 +(-11.3)2 + 41.872 + 6(4.51)2)/2]1/2 = 49.14 = Sy/n

for CD 1020 we have Sy = 390 MPa then   n = 7.94




(5)
Answer 4
P = N/d  then d2 = 14 in, d3 = 18 in







(1)
200 rpm = 20.94 rad/s









(1)
P = T × ω then  6600 = (7×WT) ×20.94 then WT = 45 lbF




(2)
V = r × ω = 7× 20.94 = 146.58 in/s = 732.9 ft/min





(2)
kv = (600+732.9)/600 = 2.22








(2)
Y18 = 0.309










(1)
σ = kvWTP/FY = 2.22 × 45×1/(1×0.309) = 323.3 psi





(3)
σc = -Cp[(kvWT/FcosΦ)(1/r1+1/r2)]1/2 
for grey cast iron: υ = 0.211, E = 14.5 Mpsi






(1)
Cp = [1/(2π((1-0.2112)/14.5×106))]1/2 = 1554.1





(1)
r1 = dp sinΦ/2 = 14 × sin20/2 = 2.39

r2 = dp sinΦ/2 = 18 × sin20/2 = 3.078







(2)
σc = -1554.1[(2.22×45/1×cos20)(1/2.39+1/3.078)]1/2 = -13815 psi



(3)
Answer 5

From table 10-4 we have m = 0.145 and A = 2211×106 Pa mm



(2)
Sut = A/dm = 2211×106 / 0.50.145 = 2.445 ×109 Pa 

Ssy = Sut 0.45  = 1.1 ×109 Pa

maximum shear stress  = 0.5 Ssy = 550 ×106 Pa





(1)
Na =Nt , Ls = d(Nt +1) → 6.75 = 0.5 (Nt +1) then Na =Nt = 12.5



(1)
k = F/δ = 1.2/ 0.005 = 240 N/m

k = d4G/8D3N = 0.0054 ×82.7×109 /(8× D3×12.5) = 240 → D = 6 mm


(3)
C = D/d = 6/0.5 = 12









(1)
KB = 4C+2/(4C-3) = 1.11








(1)
τ = KB × (8FD/πd3) →  550×106 = 1.11×8×F×0.006/(π×0.00053)  then F = 4.05 N

(4)
δL = F/k = 4.05/240 = 0.0169 m = 16.9 mm

L0 = Ls + δL = 6.75 +16.9 =23.65 mm






(4)
f = ½ (k/m)1/2 

m = w/g = π2d2DNaγ/4g = π20.00052×0.006×12.5×76.5×103 /(4×9.81) = 3.6×10-4 kg

f = 407.6 Hz.










(5)
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