MCG 3131      
MACHINE  DESIGN             
 June 2011
FINAL EXAMINATION

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

1- 
Two 10 mm ×120 mm steel bars are connected together using two 6 mm × 120 mm steel plates.  They are connected using six M16 × 2 mm bolts of property class 8.8. The whole length of the bolts is threaded. Plates and bars are made of cold drawn 1018 steel. Consider a factor of safety of 1. Use Von Mises theory.
a) Assume the load is carried through the friction between plates by applying a preload equal to 0.9 times the proof load (Fp) of the bolts. Determine the torque required to be applied on the nuts to gain 0.9Fp tension load in the bolts. The coefficient of friction is 0.15 everywhere. Also determine the load capacity of the connection based on friction.
b) Determine the load capacity of the connection if the bolts lose their preload. (The bolts fill the holes so the shear force is distributed evenly between them)
(22 points)








   










2-
It is decided to make a compression spring from No. 10 music wire with the solid length of spring equal to 0.25 inch, ends squared and ground and fixed to the supports. 

a) Find the coil diameter if we want to have a stiffness of 7.5 lbf/in

b) What should be the maximum free length of the spring so that it won’t have permanent deformation when it is pressed to its solid length? (No set removal)

c) Is buckling possible in the spring   (18 points)
3- 
In the following figure the bracket is welded to the base plate using 8 mm fillet weld with E70XX electrode at three lines AD, DC and BC. Bracket and base plate are made from AISI 1020 hot rolled steel. Neglect the stress concentration. Failure happens based on Von Mises theory and Soderberg line.

a) Determine the factor of safety for static loading.

b) If the load varies between zero and 6000 N, determine the factor of safety for unlimited life (unlimited number of repetition of the load). 

(30 points)













4-
A journal bearing has diameter of 2 inches and length of 1 inch and radial clearance of 0.001 inch. It carries a load of 400 lbf at 20 rev/s. If it uses SAE 20 as lubricant and friction power loss is 600 lbfin/s (0.091 hp)

a) Determine the temperature of lubricant

b) Determine the minimum film thickness and its location. (15 points)
5-
In the figure shown the bars have a rectangular cross section of 10 × 5 mm. They are made of AISI 1020 HR steel and are hinged at the ends (both bars are simply supported at ends). Determine the maximum force F that the structure can carry with a factor of safety of 1. (15 points)

Answer 1:
1018 cold drawn: Sy = 370 MPa,  UTS = 440 MPa

Table 8-11: for 8.8 proof strength = 600 MPa, UTS = 830 MPa, Sy = 660 MPa

Table 8-1: M16 × 2, At = 157, Ar = 144 mm2
a) Fp = 3 ×At × Sp = 3 × 157 ×600 = 282600 N 

Fp /3 = 94200,   F =2× 0.9Fp × 0.15 = 76302 N

T = K Fi d = 0.2 × 94200 × 0.016 × 0.9 = 271.2 Nm.

b)
Shear stress in bolts: τ = F/A then 0.577×600 = F/(6×144) then F = 299117 N

Bearing in the bolts: σ = F/(3td) then 600 = F/(3×10×16) then F = 288000 N
Bearing in the bar: σ = F/(3td) then 370 = F/(3×10×16) then F = 177600 N
Shear of the bar: σ = F/A then 0.577×370 = F/(6×(32-8)×10) then F = 307426  N
Shear of the outer plate: σ = F/A then 0.577×370 = F/(6×(30-8)×12) then F = 338168  N

Tension in plate: σ = F/A then  370 = F/(120-3×16)×10) then F = 266400  N
Answer 2:

a) 
No. 10 music wire:  d = 0.024 in
Ls = dNt then 0.25 = 0.024×Nt , then Nt = 10.416 and Na = Nt – 2 = 8.416

K = d4G/(8D3Na) then  7.5 = 0.0244×12×106/(8×D3×8.416)      then D = 0.2 in

b) 

c = D/d = 0.2/0.024 = 8.33  , KB = 4c+2/(4c-3) = 1.165

Sut = A/dm = 201/0.0240.145 = 345 kpsi  then Ssy = 0.45 × 345 = 155 kpsi 

τ = KB×8×F×D/(πd3) then 155 × 103 = 1.165×8×F×0.2/(π×0.0243) then F = 3.61 lbf
δ = F/K = 3.61/7.5 = 0.48 in

L0 = Ls + δ = 0.25+ 0.48 = 0.73

c)

0.73 = L0    , 2.63 D/α =2.63×0.2/0.5  = 1.052       then No buckling

Answer 3

a)

y = 30 and x= 50 × h ×25/((50+60+50) ×h) = 15.625 mm

For E70xx: UTS = 482 MPa, Sy = 393 MPa

For AISI 1020 HR: UTS = 380 MPa, Sy = 210 MPa

Jv = 1/12 AL2 + Ar2 = 1/12 × 0.707 × 8 × 60 × 602 + 0.707 × 8 ×  60 × 15.6252 = 184660 mm4
Jh =2( 1/12 AL2 + Ar2 ) =
2( 1/12 × 0.707 × 8 × 50 × 502 + 0.707 × 8 ×  50 × (302 + (25 – 15.625)2) = 676585 mm4
Jtotal = Jh + Jv = 861245 mm4
Atotal = 0.707×8×(50×2 +60) = 905 mm2
Fhorizontal = Fvertical = 6000 × cos 45 = 4242.6 N

τ' = F/A = 4242.6/905 = 4.69 N/mm2
τ” =Tr/J = (4242.6  × (110-15.625) × (302 + (50 – 15.625)2)1/2 / 861245 = 21.21 N/mm2
At point A: θ = tan-1 30/(50-15.625) = 41.1 ˚

τA = ((4.69 + 21.21 cos 41.1)2 +(4.69 + 21.21 sin 41.1)2 )1/2 = 27.7  N/mm2
Ssy = 210 × 0.577 = 121.17   then  n  = 121.17/27.7 = 4.37

b)

Fmid =3000 N , Famp = 3000 N  then τmid = τamp = 27.6/2 = 13.85 N/mm2
S’e = 380/2 = 190 MPa, Se = S’e × ka ×kc  (the rest = 1)

ka = 272(380)-0.995 = 0.737 , kc = 0.59  then Se = 190×0.737 × 0.59 = 82.62 MPa

(n ×τamp /Sse) + (n× τmid / Ssy) = 1 then (n ×13.85 /82.62) + (n× 13.85 / 121.17) = 1

N = 3.55

Answer 4

a)

Power = T ω = f  ×W×r×N×2π = 600 then 600 = f  ×400×1×20×2π  then f = 0.0119
From figure 12-18 we find S =0.5

S = (r/c)2×( μN/P) , r/c = 1/0.001 = 1000,  P = 400/(2×1) = 200 psi 

 0.5 = (1000)2×( μ ×20/200)  = 0.5 then μ = 5 ×10-6 rey

From figure 12-12 we find t = 130 degrees F

b)

From figure 12-16 h0/c = 0.51 then h0 = 0.51× 0.001 = 5.1 ×10-4 in
Answer 5
θ = tan-1 50/(400) = 7.125˚

A = 50 mm2, Fy = A×Sy = 50 ×210 = 10500 N

Futs = A×UTS = 50 ×380 = 19000 N

F = FBC sin 7.125 = 10500× sin 7.125 = 1302 N

Pcr = π2EI/L2 , E = 207 GPa, L = 400/cos 7.125 = 403 mmm, I = 10 × 53/12 = 104.17 mm4
Pcr = π2×207 ×109 ×104.17 ×10-12 /0.4032 = 1310 N
F = 1310 × sin 7.125 = 162.5 N
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