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RRERL (3 A, #Hy (1000 7, FHFPXREXEE, BEREPTELEAN L,
EEEBA LANERLF S, RERXEALK, EREFLFM,
There are 3 problems in total for 100 points. Write answers in a separate sheet in Chinese or

English. Identify your name and student number on the top right corner of your answer sheets.
Submit answer sheet only. Write clearly.

1. G004 BEURA— WK FRERINMBEE . LFHE 1 AR, BAF2HR
e, AEATUNEER AN (B4 12830 AR ER AN (BIHAH 74
MM 14 %), M8 N AT,

The figure is a simplified diagram of the horizontal tail control mechanism of an aircratft.
Component 1 is the frame, control rod 2 is the prime mover, and sometimes it can also be
input from the flap (i.e. component 12 swings) or from the stability amplifier (i.e.
component 7 moves relative to component 14), and component 8§ is the output rod.
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Please explain the degrees of freedom of the mechanism and give the calculation formula
for the degrees of freedom F corresponding to a planar mechanism composed of K
components;

(2) 34 H AN R A #3051
Please explain the conditions under which the mechanism has a certain motion;

(3) (24 REBIAF2WAN, KRG EEE, HANEEZES H#T;
Calculate the degree of freedom of the mechanism when only the joystick 2 is used for
mput.

(4 (124 HEHAT2. #E 12, REFEXF TRERA, ARkAHEHE, HHA

WA 32 5 & & 1 5

Given the simultaneous inputs from the joystick 2, flaps 12, and stabilizer amplifier 7, determine

the degrees of freedom of the mechanism.

ok
%w

(1) 34 Ay B B E =AM & & st AR T AL BT B B9 4k s 2 g Y 4K
H .
F=3(K—-1)—-2P, — Py
EFFAHEEE, KAyHESLKE, PLARKESEE, Py hEEIEE,
The degree of freedom of a mechanism refers to the number of independent movements of
each active component in the mechanism relative to the frame.
F=3(K—-1)—-2P, — Py
Where F is the degree of freedom, K is the number of constructions, P; is the number of low
pairs, and Py is the number of high pairs.
(2) (B 4) WM AR HEIE 8 &2
a) MMEEESAATE
b) ML Rt Ry S H S T A B B 4 E

The conditions for a mechanism to have a definite motion are:

a) The degree of freedom of the mechanism must be greater than zero
b) The number of the mechanism's prime movers must be equal to the number of the

mechanism's degrees of freedom

(3) (124 YHEFHANEZEE, 9. 10, 11, 125 135757, B#GHER
Bk YREHREFLWMAZHEN, F75F 145 —2ZKAF, THA1ME,
AL R T A B, L0 NSRS, A EEE Y

F=3n—-2p,—p,=3x7-2%x10-0=1

BHERFTRIAGER, FHRLIZ,
When the flap does not input motion, rods 9, 10, 11, 12 and 13 do not move, and the hinge G
is a fixed hinge; when the stabilizer does not input motion, rods 7 and 14 are rods of a
certain length and can be regarded as one component. At this time, the mechanism has only
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7 active components, connected by 10 revolute pairs. The degree of freedom of the
mechanism is:
F=3n—-2p,—p,=3%Xx7-2%x10-0=1
The number of degrees of freedom is equal to the number of prime movers, and there is a
definite motion.
(4) 24 HEPMF2. FE 12, REERETREEA
FIE AT, WE, A7 14 ARTADBHHEE, EE BAEIHE, GRARS
BHKAH—ME, £ I8 MREIEEE, W EEE A
F=3n—-2p,—p,=3%Xx13-2%x18—-0=3
HHEHRFTRIAHEER, FHE,
Inputted by joystick 2, flap 12, and stabilizer 7 at the same time
Similarly, at this time, rod 7 and rod 14 are two active components, the mechanism has 13
active components, G is a compound hinge, K has a moving pair, and a total of 18 low pairs
are connected. The degree of freedom of the mechanism is:
F=3n—-2p,—p,=3%Xx13-2%x18—-0=3
The number of degrees of freedom is equal to the number of prime movers, and there is a
definite motion.

2. (40 ) BREWHEMHZE B RN AER, HFRAKIAEN T 0map=200MPa, /M
T AE KL H] Omin=-50MPa, falo# & WA A&+ R k=12, R F#e, =085, FHEIK
R A¥HP=1. #MHEHc,=750MPa, 0,=580MPa, o_,=450MPa. X ¥K:

An alloy steel part suffers bending stress:
0,=750MPa, 0,=580MPa, o_,=450MPa
Working stress: 0,,4,=200MPa, 0,,;,=-50MPa, k,=12, &,=0.85, p=I
(1) (104 EAMAEARRAEAE, FEE AL TN R E;
Make the stress endurance figure, and find the working point.
(2) (154 RMAEZEARE TR RIREL A oy 5
Find the fatigue stress limitation o;
(3) (15 &) BEFRREAFMRZ 2R B ARBZUEHRZLEZEL (B San=1.5) .

Check if this part is safe, using the fatiguc stress limitation and the safety factor (if
Sminzl .5)
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o
Mt

e (D WHRMARE. FHRA:

1 1
Oq = E(O_max - Umin) = 5(200 + 50) = 125MPa

1 1
Om = E(Jmax + Gmin) = 5(200 - 50) = 75MPa

BN EF R
ko 1.2
K,), = o _ — 1.411
(Ko)p e.8 0.85x1 8
ANEEN:
o1 _ 0 ig7mp
(K), 14118 > o/Hre
B AfLE A
0o 580
— 205.4MPa

[2(K,),] 2 x 14118
BHEHARRE, wT:
Oa
(0,4%9) A

0,381 A

TR AMAMED EEFTR, # OA'D A,
(2) i HE % RIR KL o,

20',1—0'0 2 x 450 — 580
- = = = 0.5517
¥ oo 580

p O_10, ' 0_10m
g = - g. =

Y Oa Tt Yeom T Oat Yoom
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»_0_1(0;+0y) 450 x (75 +125)

O = Opax = O + 04 = -, +1/J(,0m =125 105517 x 75 = 540.93MPa
3) BERE
AAFRLA -
o 41379

[o] = S 15 - 275.86MPa

* Omax = 200MPa

S Omax < [U]
B AW
ZARH

o 413.79

S=—"""= =207>[9]=15
Omax 200 5]
_ 450
S = 71 - =2.07>[S] = 1.5

[(K,) p0a + $o0m] (14118 x 125 + 0.5517 x 75)

v ef

3. (304) EFH—dHERIAY, HIE e=10mm, #4F AB K E & 20mm, #A4F BC Kk
E 60mm-.

The figure shows a crank slider mechanism, offset e=10mm, the length of the crank AB is
20mm, and the length of the connecting rod BC is 60mm.

(1) (104 KA B F/NMES A Ymin:

Find the minimum transmission Angle ¥,,;, of the mechanism;
(2) (104 KEHRWATE H;

Find the stroke H of the slider;
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(3) (104 Zeii ABFZEAF BCHWKED A A afb, wWENe, FHZIMARA
kAo RIER

If the length of the crank AB and the connecting rod BC are a and b respectively, and the offset
is e, write the expression of the crank angle 8 between extreme positions .

c
///\077

B
F—HE 104 - A s

_ _ Py -
®/MEF A BRI A ETRLE ; la,/ G

Ip— v ) A— P W
The minimum transmission Angle appears in the position ] ; 2 \‘»\
shown on the right. ; - & N c
\" | . 7/ I_\hcr
oy = SN (0) = sin " (F0) =307 (3 40) L &
ymin:900 _amax:600 (2é7\) v
B (104 :
0C; = /(AB + BC)2 — 0A%2=,/(60 + 20)2 — 102 B2

=30v7 = 79.37mm (4 %)
F Bl
0C, = /(BC — AB)2 — 0A% = /(60 — 20)* — 102 | \N

~10V15 ~38.73mm (4 4) O 2
H=C,C, = 0C; — 0C,=30v/7 — 10V/15 =~ 40.64mm (2 %)
Z£=H (104

~0AC, = cos™} (=22

AB+BC

) =cosT! (=) (44

0A
BC—AB

~Z0AC, = cos™( ) = cos‘l(ﬁ) 44
0 = ~0AC, — ~0AC, = cos_l(ﬁ) - cos_l(ﬁ) (249
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