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There are 4 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.
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As shown in the figure, it is a jaw crusher. When the motor drives the eccentric shaft 1 through
the pulley 6, it causes the connecting rod 2 (movable jaw plate) to swing. This, in turn, crushes
the ore that falls into the workspace between the movable jaw plate 2 and the fixed jaw plate

5.
Draw the kinematic diagram of the jaw crusher.
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According to the steps for drawing the kinematic diagram, the driving component of the
crusher is the eccentric shaft 1, and the executing component is the movable jaw plate 2.
Following the motion transmission path, it can be seen that the mechanism consists of four
components: the eccentric shaft 1, the movable jaw plate 2, the rocker 3, and the frame 4.
Among them, the eccentric shaft 1 and the frame 4 form a revolute pair at point A; the eccentric
shaft 1 and the movable jaw plate 2 form a revolute pair at point B; the movable jaw plate 2
and the rocker 3 form a revolute pair at point C; and the rocker 3 and the frame 4 form a
revolute pair at point D.
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A diagram shows a single-stage helical gear and a single-stage worm gear transmission. The
helical gear 1 is driven by an electric motor. It is known that when the helical gear 1 rotates in
the direction shown in the diagram, the output shaft of the worm gear rotates clockwise as
shown in the diagram. Analyze to determine the reasonable direction of the helical teeth of
gear 2 and the spiral direction of the worm to minimize the axial force on shaft II: draw the
direction of the helical teeth for gears 1 and 2, and determine the direction of the teeth on the
worm gear, illustrating the force direction at the meshing points of each transmission
component.
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1. Worm Gear's Helix Direction:Determine the worm gear's helix direction as right-
handed based on the worm's rotation direction and the direction of the axial force it
experiences.(5 points)

2. Axial Force Direction on Gear 2:To minimize the axial force on shaft II,the axial
force direction on gear 2 should be opposite to that of the worm.(5 points)

3. Helical Tooth Direction of Gear 2:Since gear 2 rotates in the same direction as the
worm,the helical tooth direction of gear 2 should be right-handed.(5 points)

4. Helical Tooth Direction of Worm Wheel:Determine the helical tooth direction of the
worm wheel based on the worm's helix direction and the worm wheel's rotation
direction.(5 points)

5. Force Direction at Meshing Points:Illustrate the force direction at the meshing points
of each transmission component,ensuring accurate analysis.(5 points)
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3. (254) —BE §=12mm WK 4 MELEELEZE 5,=30mm N FEHK IR L, 47
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B %0: #fr F;=12000N, R~ /=400mm, a=100mm,

A steel plate with a thickness of § =12mm is fixed on a cast iron bracket with a thickness of
6,=30mm with 4 bolts. There are two bolt arrangements (a) and (b), as shown in the figure. Try to

compare which bolt arrangement is reasonable?

Known: load F5x=12000N, size /=400mm, a=100mm.
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Determine the lateral load on each bolt
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For scheme (a), the distance between the center of each bolt and the centroid point 0 is:

1, =+/2a2 =+/2 % 1002 = 141.1mm
P _ 4.8%10°
S2¢ T 4y 4x141.4
HEME (@) F, B 12X WANEKA am/D, RIER 1 F12 BT 28 &
K, BF:

It can be seen from diagram (a) that the Angle a between the two forces on bolts 1 and 2 is
the smallest, so bolts 1 and 2 are subjected to the largest lateral load, that is:

= 8487N

Fsmaxa = \/Fszl + F2_ + 2F F;, cosa = 10820N

T EDb), ZBEEFOERCOSWNERA:
For scheme (b), the distance between the center of each bolt and the centroid point 0 is:
1, =a =100mm

T _4.8*106

F, =—=—+——=12000N
526 41, 4%100
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AR = (b)) A, Bl rxEEmET A, B

As can be seen from Figure II (b), bolt 1 is subject to the largest lateral load, i.e:

Fymaxp = Fs, + F,, = 15000N

2b

TCERATEFTEQF, THRAWESR 1R 2% EEERAF,mecq = 10820N;10 7 #2
B E T ED)F, TR AHER T Z W EE H ey = 15000N, FH 77 £(a)th
BAHE,

In bolt arrangement scheme (a), the total transverse load F; 4 o = 10820N on bolts 1 and 2 with
the greatest force; In bolt arrangement scheme (b), the total transverse load Fy 4,0 = 15000N
on bolt 1 with the greatest force. Option (a) is therefore more reasonable.
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(4L %% 71 B2 77 A fie 51 98 38 & J& 77 B Bla = 0.6)

There is a two-stage helical gear reducer with a wide belt conveyor, and the power is input by
the pulley. It is known that the belt drive is arranged horizontally, and the force of the V-belt
on the shaft is F; = 2300N (in the same plane as F,; and in the same direction). The pitch

circle diameter of the driving wheel 1 is d; = 120mm, F,; = 5000N, F,.; = 1800N,

F,; = 760N. Calculate the support reaction force of the input shaft, and draw the force
diagram, bending moment diagram, torque diagram and equivalent bending moment diagram
of the shaft (6 points each, 30 points in total) (when the torsional shear stress is a pulsating
cyclic variable pressure, take a = 0.6).
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Determine the direction of the force Fj exerted by the V-belt on the shaft, as
shown in Figure b.

QRO =EZAEE, W () (1) fiz. 47, FLEHNA 1)
Draw a spatial force diagram of the shaft, as shown in Figure (c) (1).
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1) KAFEAN A, BHIZRA
KFEANA. BHIXR 28N

Calculate the support reaction force in the horizontal plane, draw the bending
moment diagram in the horizontal plane, and the force situation in the horizontal
plane is shown in Figure (c¢) (2).

1) Calculate the support reaction force of A and B in the horizontal plane

The support reaction forces of A and B in the horizontal plane are

P 80F, 80X 5000
NHA ™ 150 +80 230

N=1739N

2) kAFEE 4

LR ZERE, wE (c) (3) i,

KFEHN CHEENY

Calculate the bending moment in the horizontal plane

Draw a bending moment diagram as shown in Figure (¢) (3).

The bending moment of C in the horizontal plane is
Myc = 80Fyug = 80 X 3261N - mm = 260880N - mm = 260.88N - m
() KETBAXKRY, FEEEATERE, SEEAXARA0E (c)(4) fir.
64, XRH3%, BHE3IL)
DKEHEEHNA. BHIXRA
BHEEAA. BXRASAA

Calculate the support reaction force in the vertical plane, draw the bending
moment diagram in the vertical plane, and the force situation in the vertical
plane is shown in Figure (c¢)(4).

1) Calculate the support reaction force of A and B in the vertical plane

The support reaction forces of A and B in the vertical plane are

80F,, + 330F, — %Fal 80 x 1800 + 330 x 2300 — 222 » 760

2
F =
HVA 230 230

N = 3728N
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RHEANA. CHEES AN

Calculate the bending moment in the vertical plane

Draw the bending moment diagram as shown in Figure (c) (5).

The bending moments of A and C in the vertical plane are

My, = —=100F, = —100 X 2300N - mm = —230000N - mm = —230N - m
My, = 80Fyyp = 80 X 372N - mm = 29760N - mm = 29.76N - m
d
My = M), — 71Fa1 = (29760 — 60 X 760)N - mm = —15840N - mm
= —15.84N - m

(5) RekFHE, FeRTEHE, WH (c)(6) fir. (67, FATE22)
A, CHaREEL AN
Calculate the resultant bending moment and draw the resultant bending moment
diagram as shown in Figure (c)(6).

The resultant bending moments of A and C are

MA = MVA = 230N - mm

My = |M2. + MZ. = /260.88% + (—15.84)2N - m = 261.36N - m

Mi = |Mic+ M% =+/260.88% + 29.762N - m = 261.57N - m

(6) ki, fFEEE, WE (c)(7) FF.

Calculate the torque and draw the torque diagram as shown in Figure (¢)(7).

d, 0.120
T = Fy -~ = 5000 X —

() KL EZ4HE, FLEZTEE, wE ()B) Fir. (64, ANA440%EFE240)
WA TEER T &0, HEMN A NKADEXRTES, Fa=06.
A. CHEETEL AN

Calculate the equivalent bending moment and draw the equivalent bending
moment diagram as shown in Figure (c)(8).

N-m=300N-m
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According to the working conditions of the shaft, the torsional shear stress is a
pulsating cyclic variable pressure, and a=0.6 is taken.

The equivalent bending moments of A and C are

Man = |M? + (aT)? = /2302 + (0.6 x 300)2N - m = 292N - m

Mce = |MZ + (aT)? = /261.36% + (0.6 X 300)?N - m = 317.37N - m

Mic = M} = 262.57N -m
Mc,p = 0.6 X 300N - m = 180N - m
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MAnR CTHM, FIHANRL) « RA—FHEX TR AER,E 4% AT A
0,=189MPa, i 77 18 0,=129MPa, i K 1% & 5 77 ek 18 FFAFAE 10
Extra Problem (Optional, not counted in final marking) There is a part subjected to variable stress,

known as the average stress of variable stress g,,, = 189MPa, stress amplitude g,= 129MPa, try to
find the cyclic characteristics of the variable stress r.
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: MAMAA Opgy = 0m + 0, = (189 + 129)MPa = 318MPa
BN A Opin = 0 — 0, = (189 — 129)MPa = 60MPa

Omax~ Omin 15 S A7 89 B

T IAFAE Ky

O i 60
mr - =0.1887
Omax 318

T =

The maximum stress iS04 = O + 0, = (189 + 129)MPa = 318MPa
The minimum stress iSG,,i, = Oy — 0, = (189 — 129)MPa = 60MPa
Omax> Ominare on the same side of the horizontal coordinate.

The cycle is characterised by

O 60
mr - =0.1887
Omax 318

T =
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