MAE 212 : SPRING Zoo|
Hw 10 SOLUTIONS

Problem 1

Pay = [/ (L)) fexp (L /) — 1] % where h = (hy + hy) /2 = 0.0625

Ah=h, —hy =0.025s0 L = VRAh = 1/4(.025) = 0.316,Y = 20,000

(D

(2)

Substituting, Pay = [0.0625/ (0.1 x 0.316)] [exp (0.1 x 0.316/0.0625) — 1] 2B P, =

30, 054 psi

2. Here we should use R’ instead of R. We must calculate simultaneously F, and R'.

Substituting E' = 33 x 10°, R = 4, and Ah = 0.025, in the equ. given in class for roll

flattening gives:

F, = (R/R-1)nARE'/16
= (R/R~-1)7(0.025) (33 x 10°) /16
Fy = 162x10°(R'/4-1)

and the equ. for the separating force becomes

Fy = (h/n) {exp [(u/h) (R’Ah)é;} - 1} x M#-O@@-

or
2 X 20,000

Fy = (0.0625/0.1) {exp (.1/0.0625) (0.025) VR — 1} x >

> F, = 14, 433 [exp (0.253@) - 1]

Solving together equs. (3) and (6) gives the following:
R =424 and F;, =9,872and P,, = F,/vV R Ah = 30,323 psi.

3. Using the equ. given in class with C' = 7.5,

2 x 20, 000

hamin = 7.5 (0.1) (4) < N

) [33>-10%)-=0-6021 in
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Using the approximation for plane-strain compression with sticking friction, one can write:

b Y
= — = — 1
Pav 2K <1 + (4ﬂ where K \/3—) ( O)

and initially b = h = 1 and at the end of compression b = 2,h = 1.

1. Substituting final values, F = —20P,, = —20 x 2 (2%) [1 + 2| = 115,500 pounds
(the minus sign for compression).

S
I

/ Fdh; substituting F = —P,, x 10b and Py, = 2k[L + b/ (4h)]

S
I

/ Fdh = —2x / [10b[L + b/ (4h)]] dh, but b= 1/h  since bh = 1) so

W o= —2 / [10 (1/h) [ + (1/h) / (4h)]] dh = —20k / [1/h+ (1/ (44%))] dh =
= =20k [in (hy/ho) + (-1/8) (b7’ — h?)]
(1)

Evaluating at b, = 1 and hy = %,

N 1 1\ 3
W o= —20k [ln (5) - S- 1)] — 20k [ln (5) - g] — 20k (—1.068)
2500 .
= 20 <—\/§> (1.068) = 30, 800 in — lbs. (2,570 ft — pounds)

- )
3. Ideal work, W, = volume - Y€ = 10 in.? - 2, 500 psi - %’ -In (2) = 20,000 in — 1bs
1=+ = 20,000 in —1bs/30,800 in — Ibs = 65%.
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