MCG 3131      
MACHINE  DESIGN             
 JUNE 2009
FINAL EXAMINATION

Open book.
Calculators permitted.
Attempt all questions. Time: 3hrs.
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1- 
The band brake shown in the figure is used to

control the motion of a flywheel. The band is 
50 mm wide and the drum is 400 mm in diameter. The

Coefficient of friction is f = 0.3. The band is controlled 
     
by the arm AD which is hinged at A. Drum
rotates at 100 rpm. Determine the force F
that has to be applied at point D to apply
            2000 watts of brake power 



a) when the drum rotates clockwise  

b) when the drum rotates counterclockwise

c) Determine the maximum lining pressure

    in the band.

(15 points)
2-
The bracket made of HR 1018 steel is welded to the base plate made from HR 1018 steel along lines AB and CD using E6010 electrode. A 2000 N completely reversing load is applied along line AB as shown in the following figure. Determine the safety factor of the weld for infinite life. The weld is 6 mm fillet. Fatigue stress concentration factor is 2.7. (23 points)








3- A square thread power screw has a major diameter of 30 mm and pitch of p = 4 mm. It is single threaded and coefficient of friction in thread and collar is 0.05. The diameter of collar dc = 50 mm. If the load is 6000 N 
a) Find the torques required to raise and lower the load.

b) Determine the power of motor required to raise the load at speed of 10 mm/s

c) Determine the efficiency of screw

d) If the screw is made of CD 1020 steel find the factor of safety. The material fails based on Von-Mises theory. Neglect stress concentration factor.
(22 points)
4-
In the following figure Gear 2 is the input with 1 horsepower and gear 3 is the output. Determine the theoretical bending and contact stresses in the teeth of gear 3 (Use Lewis and Hertz stress equations, not AGMA equations). The pressure angle is 20 degrees and diametral pitch is P = 1 teeth per inch.  Consider contact ratio of 1. The gears are made from gray cast iron cast profile and are 1 inch wide. (18 points)






5-
A helical compression spring is required to support a load of 1.2 N when compressed 5 mm. It is decided to make the spring from 0.5 mm thick ASTM A228 music wire. The spring will be plain (the end condition). It is needed to have the solid length of spring equal to 6.75 mm. When spring is compressed to its solid length the maximum shear stress must be equal to 50 percent of its shear yield strength (Ssy). The spring is to be made as wound (before set removed). 

a) Determine the mean coil diameter and free length of spring.
b) Determine the critical frequency of spring
(22 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







(1)
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.
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