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1. From the generalized Hooke's law equations, make some useful

comments to clarify the distinction between plane stress and plane strain
problems.(10%)

2. At a certain point on a steel machine part, measurements with an
electric retangular rosette indicate that the strains in three different
directions 09450 and 909 are g9 = -500pum/m €45 = 200um/m and gyg =
300um/m respectively. Assuming that E = 200 GPa and v = 0.3, find

" the principal stresses at the point investigated.(15%)

3. A thin semicircular ring is hinged at each end and loaded by a central
concentrated force P (Fig. 1). Determine the horizontal reaction at each
hinge.(15%) '

Fig.1

4. A long steel thin-walled circular tube of 200-mm diameter and 5-mm
wall thickness is subjected to an interior pressure of P(MPa) and a
twisting moment of Mt = nx104 (N-m). The ends of the tube are
closed. The yield stress of the steel is 250 MPa. Find the interior
pressure P which is needed to cause yielding of the tube, based on (i)
the von Mises criterion; (ii) the Tresca criterion. (24%)

5. Compute the reactions at both supports A and C and the deflection at
point B for the structure of Fig. 2 by energy method. (16%) .| 066
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Ce) wel- bull Chperatare (25 )

(0() I\Jfﬁj‘ J5 7Ke maxrmum f/efmdl%oe«q 0/ ar M‘
Lufin € O/’t’fﬂ_} aj_Z}p a‘/em,zz}'-e /L‘Z.re/'I/Orr((é«UL’f rpore @)

l $00°C [ l 20°C [ (3%)
A aQ,
@) Ergina }—3 @) eefﬁfmT Trle— W
QL
| a0 | R

(@) \Rat s +ht maximum Co%é'efufq[ performonca (cop) 07[
o /u%n;,e}’ujz;n /07:173-4\ (,0_/9-& 7‘/7&(4. (e}) ' (_?X)
&WI/'J?I‘ 7‘/(Q /LQl/e/'J',‘//e a_/(cm 7C/ON‘ 0%/ /eéﬂdﬂ, H"ﬁ&(i!{ Aa_
nopsle  Wloam eders vhe nopife ot 0.8 Mpa, 300°C Wi

& veloGly of 1& 05 . The prieiars of Ao lean oT e
ndpite o A i 003 Mpa . Dl o =xitC l/z»/m‘} of FRR_

ean from 4 m;/_,é Aettcming &ﬂi(/em/‘(é w/alﬂj\
/Zz_uy Flow proce~  offan /rO/nT FLron e aﬁ_/u’/

Caglec (a"A)

B =1p) o

(A B AR WA RS, B X S4T30 L) /

e e

067




Az x® 5| SR ETL ¥R(THIPHE) 535 ¢

(220 £ T8
Saturated Steam: Pressure Table
Specific Yolume Internal Energy Euothalpy Entropy
m/kg kJ/kg kJ/kg kJ/kg K :
Press. Temp. Sat. Sat. Sat. ' Sat. Sat. Sat. Sat. Sat.
MPs i °C Liquid Yapor Liquid  Evap.  Vapor Liquid Evap. Vapor  Liquid- Evap.  Vapor :
P T o v - uy s u, "k A, 4, 3y S8,
0.225 12400  0.001 064 0.7933 52047 2013.1 25336 52072 21913 27120 1.5706  5.5173  7.0878
} 0.250 12744 0001067 0.7187 53510 2002.1  2537.2 53537 21815 27169 16072  5.4455 17.0527
0.275 130.60  0.001 070 0.6573 . 'S548.59 19919 25405 54889 21724 2721) 1.6408 53801 7.0209
0.300 133.55  0.001073 0.6058 561.15 19824 25436 56147 21638 27253  1.6718 53201 69919
0.325 13630  0.001076 0.5620 . 57290 19735 25464 57325 21558 27290 1.7006 52646 6.9652
, 0.350 138.88 , 0.001079 0.5243 $83.95 19650 25489 58433  2148.1 27324 1.7275 52130 6.9405
0.375 141.32 0001081 0.4914 59440 19569 25513 59481 21408 27356 17528 5.1647 69175
0.40 143.63  0.001 084 04625 . 60431 19493 25536 60474 21338 27386 17766 51193 6.8959
0.45 14793  0.001 088 0.4140 62277 19349~ 25576 62325 21207 27439  1.8207 50359 6.8565
0.50 151.86 0001093 . 03749 639.68 1921.6 25612 64023 21085 2748.7  1.8607 4.9606 6.8213
0.55 15548 0001097 0.3427 65532 19092  2564.5 65593 20970 27530 18973 4.8920 6.789)
0.60 158.85  0.001 101 0.3157 66990 18975 25674 - 67056 20863 27568 19312 438288 6.7600
0.65 16201  0.001 104 0.2927 681.56 18865 25704 63428 20760 27603 19627 47703 6.733!
0.70 16497  0.001 108 0.2729 696.44 18761 25725 697.22 20663 27635 19922 47158 6.7080
0.75 167.78  0.001 112 0.2556 708.64 18661 25747 709.47 20570 27664 20200 4.6647 6.6847
0.80 17043 0001 115 0.2404 72022 18566 2576.8 721,11 20480 - 2769.1 20462 4.6166 6.6628
0.85 17296 0001118 0.2270 73127 18474 25787 73222 20394 27716 20710 4.5711  6.6421
0.90 175.38 0001121 0.2150 741.8) 18386 - 2580.5 742.83 20301 27739 20946 45280 6.6226
0.95 17769  0.001 124 0.2042 75195 18302 25821 75302 20231 27761 21172 4.4869  6.604)

1.00 17991 0.001 127 0.194 44 761.68 18220  2583.6 76281 20153 27781 2.1387__4.4478 _ 6.5865
1.10 184.09  0.001 133 0.17753 780.09 18063  2586.4 781.34 20004 27817 21792 43744  6.5536
1.20 187.99  0.001 139 0.163 33 791.29 17915 2588.8 798.65 19862 27848 22166 43067 6.5233
1.30 191.64  0.001 144 0.15125 81344 17775 25910 81493 19727 27876 22515 42438  6.4953
1.40 19507  0.001 149 0.140 84 828.70 17641 25928 83030 19597 27900  2.2842 4.1850 6.4693
1.50 198.32  0.001 154 0.13177 843,06 17513 25945 84489 19473 27922 23150 41298  6.4448
175 205.76  0.001 166 0.113 49 87646 17214 25978 878.50 19179 27964 23851 4.0044  6.3896
2.00 21242 0001177 0.099 63 90644  1693.8  2600.3 908.79  1890.7 27995 24474 3.8935  6.3409
225 21845  0.001 187 0.088 75 93383  1668.2 26020 93649 18652 28017 25035 3.7937 6.2972
25 223.99.  0.001 197 0.079 98. 959.11 16445 26031 962.11 18410 2803.1 25547 37028 62575
3.0 23390  0.001 217 0.066 68 1004.78  1599.3 2604.] 100842 1795.7 - 28042  2.6457 35412  6.1869

Superhested Vapor

T r u h s [} u h s 13 u A 3
. © P =.20 MPa (120.23) P = 30 MPa (133.55) P = 40 MPa (143.63)
at | 8857 25295 27067  7.272 6058 25436 27253 &6
6058 . s, 9919 4625 25536 2738,
; (5)8 l.g;gg gzggg _ :ze;%g ;igzé 6339 25708 27610 70778 A708 25645 2722;’ 2:33:
. . ) . 7163 26507 28656 73115 5342 2646 '
250 11988 27312 29710  7.7086 7964 27287 29 ) ) T ey s
. . k : 616  7.5166 5951 27261 2
338 :; ‘: gi 2086 30718 78926 8753 28067 30693  7.7022 6548 28048 Jgg:‘g 33223
) 2667 32766 82218 10315 29656 32750 80330 7726 29644 32734 7.8985
500 L7814 31308 34874  8.5133 11867 31300 34860 83251 3893 31292 34849 81913
ggg 2013 33014 37040 87770 13414 33008 37032 85892 1.00SS 33002 37024  8455e
100 2244 34788 39276 9.0194 14957 34784 39271 88319 LI21S 34779 39265  8.6987
0 2475 36631 41582 92449 16499 36629 41578 90576 12372 36624 41573 89244
00 2706 38545 43958  9.4566 18041 38542 43954 92692 13529 38539 43951  9.1362
toao 2937 40525 46400  9.656 19581 40523 46397  9.4690 14685 40520 46394  9.3360
1100 3068 42570 48907  9.8458 21121 42568 48904  9.658S 15840 . 42565 48902  9.5256
1200 3399 44615  S1473 100262 22661 44672 S147.1  9.8389 16996 44670 -51468 97060
3630 46832 54093  10.1982 24201 46830 54090 10.0110 18151 46828 54088  9.8780
P = .50 MPa (151.86) P = .60 MPa (158.85) P = 80 MPa (170.43) -
Sat. 3749 23612 27487 68303 3157 25674 27568 6.7600
. . . ] . : 2404 25768 27691 6.6628
;(S)g .:;49 26429 28554 7.0592 3520 26389 28501  6.9665 2608 26306 28393 ° 68158
250 .52;4 27235 29607 72709 3938 27209 29572 7.1816 2931 27155 29500  7.0384
w2 6 28029 30642 74599 4344 28010 30616 73724 3241 271972 30565 72328
30 .“c; ; 28826 31617  7.6329 4742 28812 31657  7.5464 3544 28782 316LT  7.4089
0 an w62 39 798 S137 29621 32703 77079 3843 29597 32670 75716
00 .80409 31284 34839  8.0873 5920 31276 34828 80021 4433 31260 34806  7.8673
500 '3961 32996 37017 83522 6697 32991 37009  8.2674 SOI8 32979 36994 81333
700 .9892 34705 39259 8.5952 747234770 39253 8.5107 S601 34762 - 39242 83770
X0 ot 36621 41569 88211 B82S 36618 41565 87367 6181 36611 41556  8.6033
0822 38536 43947 90329 017 38534 43944  8.9486 6761 38528 43937 88153

1000 11747 40518  4639.1 9.2328 9788 40515 46388  9.1485 7340 40510 46382 90153
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1. From Newton's second law of motion, shows that the equation of motion of a rigid
body are ’

F=mag (10%)
and
MP = rGP X mag + IGa (20%) .
where F and M p are the applied force and applied moment at point P of the rigid

body, respectively. @ is the acceleration vector of the mass center, I is the mass
moment of inertia related to the mass center, ¢ is the angular acceleration vector
and rgp is the position vector from point P to the mass center,
(It is allowed to derive the equation in two dimensional space.)

2. Answer the following questions: (20%)
(a) What is the relation among the Newton's second law of motion, the principle
of work and energy and the principle of impulse and momentum?
(b) Which kinds of problem can not be solved by the principle of work and
energy? Explain the reason.

3. Two jet planes are flying horizontally at the same elevation, as shown in the
Figure 3. Plane A is flying along a straight-line path, and at the same instant
shown it has a speed of 700 km/h and an acceleration of 50 km/h2. Plane B is
flying along a circular path having a radius of pgy = 400 km. Its speed is 600 km/h,

which is decreasing at the rate of 100 km/h2.

(%) Determine the velocity and acceleration of B as measured by the pilot in
A.(5%) ‘

(b) Determine the velocity and acceleration of A as measured by the pilot in
B.(15%)

4. The uniform beam has a weight W. If it is originally at rest while being supported
at A and B by cables, determine the tension in cable A if cable B suddenly fails.
Assume the beam is a slender rod.(12%) ( See Fa4-)

5. Determine the kinetic energy of the 10-kg disk D and 2-kg rod CD when the
assembly is rotating about the z axis at ® = 5 rad/s.(18%) (S.. Fg.5)
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Figure 3

Figure 5
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1. What is the stress concentration factor? In what situations should we consider
the stress concentration factor in mechanical design? (10%)

2. Determine the required weld size for Fig. 1 using E60 welding rod ( Sy = 345
Mpa ) and safety factor of 2.5. Notice that an appropriate static failure theory
should be used, and the weld size should be specified as an integral number of
mm. (20%)

3. A cold-drawn rectangular steel bar (see Fig. 2) of 128 Bhn is 10 mm thick; 60
mm wide and has a center hole of 10 mm diameter. Estimate the maximum
tensile force that can applied to the ends and have infinite life with 90 %
reliability and a safety factor of 1.3 if the force varies between zero and a
maximum value. (20%) '
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1. A round rod of annealed 302 stainless steel is being drawn from a
diameter of 10 mm to 8 mm at a speed of 0.5 m/s. Assume that the
frictional and redundant work together constitute 40% of the ideal

work of deformation.
(a) What is the engineering strain in this operation ? (2%)
(b) What is the true strain in this operation ? (3%)

(c) If the material exhibits the true stress- true strain behavior of
o=Ke", where k= 1300 Mpa and n=0.3. What is the average flow stress

V2 (5% (LYA VPRIAL, 2 BIKE 24)

(d) What is the drawing force F ? (2%) = Wireor rod
(e) How much is the ideal power needed ?(3%) A £
() How much is the actual power needed ?(2%) Die

15
2. In a slab-milling operation, the cutter has 20 teeth and\g,=100 mm in

diameter. The rotational frequency of the cutter is 5 sec!, the workpiece
feed speed is v; = 1.3 mm/sec., the working engagement (depth of cut) is

8e= 6mm, and the back engagement (width of the workpiece) is 50mm.

(a) Find the feed per tooth ar(2%)

(b) Derive the maximum undeformed chip thickness acmax in terms of

frequency, vy, ae, and d.(5%) ) ‘ -

(c) Find the metal-removal rate (2%) } /IJr %
b o o !

Materisl removed by
one tooth

3. List the possible methods of making holes (5%)

F74
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4. Show major cutting edge, minor cutting edge, work surface, machined

surface, transient surface on the following cutoff and facing ope‘ration

%) (7% Z 8 3% X AL AR

Continuous feed

(=X) Sl motion {-X} .

5. A 9 in. wide 6061-O aluminum strip (k= 30,000 Mpa and n=0.2. ) is
rolled from a thickness of 1 in. to 0.8 in, If the roll radius is 12 in. and
the roll rpm is 100.

(a) Find the arc of contact L=? (3%)

(b) Find the true strain (2%)

(c) Find the average flow stress Y=2(3%)

(d)The roll force F for low frictional conditions =? (3%)

(e) The power required = 2(3%)

e s e s e e
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1. Consider a control system as shown in the following figure

> ect)

where,

Gels): transfer function of PID controlleyr

G(s): transfer function of a second-order linear time-invariant system
rit): input command as function of time

c(t): output time-domain response

d(t): disturbance as function of time

(1) Provide a time-domain procedure for identification of Gi(s).

{2) Explain the control action by Gels) in time domain.

(3) Find optimal Pl gain for regulaling system response such that ISE
(Integral square error) can be minimized.’

{4) Provide time-domain tracking specifications for ramp input by the
control system.

(5) Use finite difference to approximate differential and provide a
simulation algorithm to verify (3).
(50% with 10% for each question)
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In the following feedback control system, the plant is open-loop
‘unstable.
(a) Plot the root loci to determlne whether the system can be stablized
by P control Gc= Ke.
{b) If not, could the stable pole of G be canceled by a zero of Ge¢
to stabllze the system, and if not, why not?
{c) Choose an idealized controller that can stabilize the systenm, and

3.(a)

(b)

find the corresponding range of gains for stability. (15 %)

(4
. G
ris) . ' cis)

s(s — 2)

Describe the Nyquist Criferion and its purpose for the feedback
control system.

Explain the reason why that the criterion have the above function
ou have stated.

o (15 %)

4Fonsider a feedback control system as follows:

(a)
(b)
(c)

(d)

Ri$) ¢ 1 ces)
G ] s(s + N(0.5s + 1)

: )

Plot the asymptotic Bode plot, if Ge=1.
Find the approximate values of the phase margln and gain margin?
If you want to get a larger phase margin 50°), how can you
design a controller to satisfy the condition?
What will be the crossover frequency and the value change of
the gain margin and phase margin?

(202)

-

~1
-




