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ME311 Quiz 2/3
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There are 2 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.
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1. (10points) Describe the process of forming the tooth profile (or tooth face) of an involute

helical cylindrical gear, how its transmission characteristics differ from those of an involute
straight cylindrical gear, and what are the different applications?
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Formation of the tooth profile (or tooth face) of an involute straight-toothed cylindrical
gear:

When the occurrence of the surface along the base cylinder to do pure rolling, parallel
to the gear axis of the straight line KK’ in the space of the trajectory for the straight-
toothed cylindrical gear tooth surface
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Involute helical cylindrical gears Involute helical cylindrical gears Formation of tooth
profile (or tooth face):

The trajectory in space of a straight line KK' making an angle _b with the base
cylinder's busbar forms the
involute helical face of
helical helical gear.
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Involute straight cylindrical gear transmission characteristics: when a pair of spur gears
mesh, along the entire width of the teeth at the same time into mesh, and along the entire
width of the teeth at the same time out of mesh. Therefore, the transmission smoothness is
poor, impact noise, not suitable for high-speed transmission.
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Transmission characteristics of involute helical cylindrical gears: when a pair of helical
gears mesh, the contact line on the tooth surface appears to change from short to long, and
then from long to short, which reduces the transmission is the impact and noise, and
improves the transmission stability, so helical gears are suitable for heavy-duty, high-speed
transmission.
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Involute Straight Cylindrical Gear: For low speed, light/medium load scenarios.
Involute helical cylindrical gears: for high speed, heavy duty scenarios.
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2. (30points) In the worm-helical gear transmission, the rotation direction of the right-handed
worm 1 on the input shaft I is known as shown in the figure. To offset part of the axial force of
the two wheels on shaft II:

(1) Determine whether the helix angle direction of worm wheel 2, gear 3 and gear 4 is left-
handed or right-handed.

(2) Mark the rotation direction of worm wheel 2 and gears 3 and 4 on the figure.

(3) Mark the direction of the circumferential force Ft and axial force Fa of worm 1, worm wheel
2 and gears 3 and 4 on the figure.
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Analyzing the question, we know that the axial force and circumferential force direction of worm
1 can be obtained according to the right-hand principle from the worm rotation direction and
direction, and thus the axial force, circumferential force direction, rotation direction and direction
of worm wheel 2 can be determined. In order to offset part of the force on axis II, the axial force
F,, on worm wheel 2 is in the opposite direction to the axial force F,3 on gear 3. On this basis, the
gear rotation direction can be determined according to the left-right hand principle.

The rotation direction of worm wheel 2 is the same as that of worm 1, that is, right-handed. In
order to offset part of the axial force, the rotation direction of gear 3 should be opposite to that of
worm wheel 2, that is, right-handed, and the rotation direction of gear 4 should be opposite to that
of worm wheel 2, that is, left-handed.

RELRPATEZHEL, EEFELE T AMZTF W,

Based on the above analysis and force conditions, the rotation direction and force direction are
drawn in the figure.

() (64 3% 2 A5 3 A 4 £,

Worm gear 2 is right-handed; gear 3 is right-handed; gear 4 is left-handed.
2) (64 wHEHTR,

As shown in the figure.
(3) (164 WHEHTR,

As shown in the figure.
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3. (30points) As shown in the figure for a pair of helical cylindrical gear transmission. Known:
active pinion 1 by the axial force Fa1 = 1000N, pinion 1 steering as shown in the figure (clockwise);
driven gear 2 with two tapered roller bearings, bearings subject to radial load R; = 7000N, R» =
12000N. Try to find the two bearings subjected to axial load A; and A>. (S=R/(2Y), Y =1.8)
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(2) X S:
S, = R, _ 7000 N = 1944N
172y 2x18
R, 12000N_3333N
272y 2x18
(3) K A:
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A, =S, = 1944N
=S, —Fy = (3333 — 1000)N = 2333N
BT DL A1=2333N

o 11{ A, =S, =3333N
A, =S, + Fy, = (1944 + 1000)N = 2944N

Fr L Ax=3333N
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(1) Determine the direction of the axial force on gear 2:

et
MEA\V/

Answer:

The magnitude of Fa» is the same as that of Fai, but the direction is reversed, pointing towards

bearing II.
(2) Request S:
S = & = 7000 N = 1944N
2Y 2x1.8
R, 12000
> :ﬁ:2x1.8N:3333N
(3) Request A:

Ay =S, = 1944N
L =S, —Fy, = (3333 — 1000)N = 2333N

BT DL A1=2333N

A, =S, =3333N
A, =S, + Fy, = (1944 + 1000)N = 2944N

Fr L Ax=3333N

iahf%’u{A

B 7K 11{
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4. (30points) As shown in the figure, a helical cylindrical gear is mounted on the shaft. The
gear teeth are subjected to a circumferential force Fe=8100N, radial force Fre=3052N, axial force
Fae=2170N, motor speed n=1450r/min, motor power P=10kW, try to:

(1) Draw the force diagram of the shaft;
(2) Calculate the support reactions;

(3) Draw the bending moment diagram, the resultant bending moment diagram, and the torque
diagram for the shaft;

(4) Identify the location of the most dangerous section.
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(2)

(3)

(54
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In vertical plane, take bearing 2 as the pivot to calculate the torque:
Fy1*(50+80)+F,, *70—F,*80=0

(X

We get:

80F,, — 70F,,
F, =——= % — 709.7N
Vi 50 + 80

FVZ == F;«e - FVl = 234’2.3N
EAFE AR, A 2 N REUE K
In the horizontal plane, take bearing 2 as the pivot to calculate the torque:

Fyy * (50 + 80) + F,, 80 = 0

R
We get:
Fyi = % = 4984.6N
50 + 80
Fyp = Fp — Fyq = 3115.4N
(54
o 48 T HEAT AT

In vertical plane:

Feep @Fe
I
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60 | S0 | 8 _
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O AEUE:
Taking moments about point O:
My, = F;; x50 = 709.7 * 50 = 35485N * mm = 35.5N *xm
My, = F,, * 80 = 2342.3 x 80 = 187384N * mm = 187.4N +m
My, =F,, *70 =2170 * 70 = 151900N * mm = 151.9N s m
Mge = My, — My,

o R E S K
Bending moment diagram in vertical plane:
MV2
MV 1 \
1 O 2
AT & T4
In horizontal plane:
I:“te
1 2
O
Fry Fro
60 - 50 80

O BB
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Taking moments about point O:
My, = Fyq * 50 = 4984.6 x 50 = 249230N * mm = 249.2N *m
My, = Fy, 80 = 3115.4 x 80 = 249232N * mm = 249.2N *m
AFEEERE:

Bending moment diagram in horizontal plane:

MHl MH2

s

(|

I F K

Composite bending moment diagram:

M, = |MZ2, + M2, = /35.52 + 249.22 = 251.7N *m

M, = /Mgz + M2, =+/187.42 4 249.22 = 311.8N *m

M,

M;

A \
Il

O

[\

AR

Torque diagram:

= 65862.1N * mm = 659N *xm

P
_ 3. _ 3
T = 955010 - 9550 * 103 * 1250
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(4) (540
HHELETHE: (Bla=0.6)

Calculate the equivalent bending moment: (taking & = 0.6)

(M:)1 =+/(aT)? = 0.6 x65.9 = 39.5N *m

M.)p = |M;* + (aT)? = \/251.72 + (0.6 * 65.9)2 = 254.8N * m

(Mca)o = \/Mz2 + (aT)? = \/311.82 + (0.6 *0)2 =311.8N *m
(Mca)z = 0N *m

(Mca)o”
(Mca);

(Mca)s

[ ]

(Mca)z

O R H A.
At the section through point O.
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