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ME311 Quiz 2/3

AREHK (2) AR, o (1000 o, HHFXHAXELE, FEEZEMT ALK L,
EERRE EARERLFT,

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.

1. (45 ) — R ELENH AL EEREEE RN A3, B4 a=100mm,
Z1=20, Z2=30, a= 200, da1= 88mm,
For a pair of standard involute cylindrical spur gears, a=100mm, z1=20, z>=30, a= 20°, dai=
88mm.

(1) RITE T 7| )L R~

Please calculate
(i) (54 HHREEH m;
the module, m;
(i) (64 AWML ERER di, d2;
the reference diameter of the 2 gears, di, d»;
(iti) (64 FHMWREEAZ dn, di;
the dedendum circle diameter, ds1, dp;
(iv) (64 FRMEER AR do, do;
the base circle diameter, dp1, dv2;
(v) (54 TR c.
the clearance, c.

Q) FLEFTIHEHE a=102mm, K [F:
If the centre distance becomes a’=102mm,

(i) 52 Lr&ERLEML, F, NAED?

Is there any change in the above values? If yes, calculate the new value.
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(i) (124D WRBFEFZ . o’ ef a” H 5 D2

What are the pitch circle radii r1’, 12°, and the working pressure angle a’?

oW
i

WA ERENERT N, FPOBERKEEESNLAT, ERTEIANATOER,
ERARNTENA. WHERFOE 25 E AW AXR N a'cosa’ = acosa.

For a pair of involute gears, the transmission ratio will not change when the center distance grows,
but the pitch circles will be larger than the reference circles, and the working pressure angle will
also increase. The relationship between the real center distance, a’, and the working pressure angle,
a’,is: a’'cosa’ = acosa.

() VTR T HE
i) 54 EH m:
The module, m:
m = 2a/(z, + 2,) = 2 X 100/(20 + 30) mm = 4 mm

(i) (64 HERERZ di, da;
the reference diameter of the 2 gears, di, d2;

d, = mz, = 4 X 20 mm = 80 mm

d, = mz, = 4 X 30 mm = 120 mm

(iti) (64 FHMWREEAZ dn, di;
the dedendum circle diameter, d1, dp;

dy = d, 2h; = [80—2X 4 X (140.25)] mm = 70 mm
dp = d, —2h; = [120—2 X4 X (140.25)] mm = 110 mm
(HAph =d,, —d,))/2m)=1.¢c" =0.25)

(iv) (6 %) FRWEEERZ doi, do;
the base circle diameter, db1, db2;

dy = d,cosa = 80 X cos20° mm = 75. 175 mm

dy, = d,cosa = 120 X c0s20° mm = 112, 763 mm

(v) (54 Tk c.

the clearance, c.
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c=c¢c"m=0,25X4 mm=1 mm

(2) ZFEF R E a'=102mm.
When the center distance changes to 102mm.
(i) (549
FREERAWMR TR EWL (14D, EXNUEHEN
Only the clearance will change, and the new value is
c=(1+42)mm=3mm, 4 47)
(i) (124
(44 wh&
The working pressure angle:
o’ = arccos(acosa/a’) = arccos(100 X c0s20°/102) = 22. 888°
(84) FTEHF¥Er’.

The pitch circle diameters, 11°, 12’

’

/
ri = ry/cosa = 40.8 mm

’

y ) &
r, = rp/cosa = 61.2 mm
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2. (559 WwEIVBImAERHRETEE, EMREESH N )X P=11kW, &
n=210 r/min, #[HE%, AEHRX/; EEAF, = 2619N,ZH AF, = 982N, ##HAF, =
653N, Awin EEEAd, =382mm, # %5 E B=80mm, &It Zi s, HiE5H
bR REREH.

A schematic diagram of a reducer is shown in the figure. It is known that the power on the output
shaft of the reducer is P=11kW, speed n=210 r/min (unidirectional rotation). The large gear is
subjected to forces. The circumferential force F;, = 2619N, the radial force F, = 982N, and the
axial force F, = 653N. The diameter of the reference circle of the large gear d, = 382mm and
wheel hub width B=80mm. Try to design this output shaft and check the strength of this shaft by
resulting bending and torsion strength.

1

/ | -

|
|
|
.
I
I

Bl 1 Figurel
- AL 2-BE A 3-BRd#E 4R E
I-electric motor 2-reducer 3-coupling 4-conveyor
BR:
DB A AN R, B LTEXF R, Ak, ALRARER, MNER—F#%
#IER, R T.

The output shaft is subject to bending moment and transmits torque, so it is a rotating shaft. Since
there are no special requirements, the design is based on general shaft standards. The design
calculation process is as follows.

(1) (52 HZBEHBMA, #EFALS,
Select the material of the shaft and determine the allowable stress.

AT EKR, A 45 4, ARAE., %7 Fa, = 650MPa,[0_y,] = 60MPa.
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There are no special requirements for this shaft, so choose tempering treated 1045 carbon
steel as the material. Look up the table to get o, = 650MPa, [o_,;,] = 60MPa.

(2) (214 %E4497% 1T, Design of the structure of the shaft.
OMF I RNEE. HRAZEREGEG BN/ NER. %, "FHC =110, N

Estimate the minimum diameter of the output shaft based on torsional strength. Looking up the
table, we can pick C = 110, then

11
d=C 11 - mm=41. 2 mm
N n vV 2] (2§j\)

HRE b LT G, SO s AR I 4%,

Considering that there are keyways on the shaft, increase the diameter by 4%.
d=412x (1+4%)mm = 42.9mm 2

WEBHWEAMKEN SBREmAEHEA, FTUSR LTI A B EEHTME, EMILER
A 45mm, (14

The diameter and length of the shaft in this section should be consistent with the coupling, so the
LT7 elastic sleeve pin coupling is selected, and its shaft hole diameter is 45mm.

QT LT RZE TR BRBESR, WRTEERET R, WHANKAE, vt
s R B R A . BMUK I AR, . BR. A owm iR R AR I A Bk R A3 A e ok
N, MEmBAMEAZNZREN. (14

Determine how parts are installed on the shaft. Since this is a single-stage reducer, the gear is
arranged in the center of the box, the two bearings are arranged symmetrically, and the coupling
is installed on the extended end of the shaft. The shaft is made into a stepped shape, the gear,
sleeve, right-end bearing, bearing cap and coupling are all installed from the right end, while the
left-end bearing and bearing cap are installed from the left end.

D WEMSBRAR., @ 14-2 R MEER e d 15 mm; # 8 A ¥ 8K 3 8% 00 5 (U
2 MEQ H2 d dy+(5~10) mm,Hl d 52 mm; $ifi Bt D ¥ 5 8 KBS ™ AL b
iR 6311 &, 4 d 5 mm; HERNENEN.J ds + (1 }) mm, B d
mm ; 55 00 & (7 8K .4 dg + ¢ 10) mm,H 4 68 mm; IE© @ MAHE M TA
MR EN R EHMK 6311 #18 d, =65 mm

(3 Determine the diameter of each segment of the shaft. As shown in fig.2, d; = 45mm.
Considering the positioning needs of the right end coupling, the diameter of segment 2, d, =
d, + (5~10)mm, take d, = 52mm. Both segment 3 and 7 need to match the bearings. If we
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use type 6311 bearings, then d; = d, = 55mm. Considering the assembly of the gears, d, =
d; + (1~3)mm. Take d, = 58mm. According to the positioning requirements of the gears,
ds = d4 + (5~10)mm. Take ds = 68mm. The shoulder between shaft segments 6 and 7 is
used to position the left rolling bearing, so according to the type 6311 bearing, it can be looked
up that dg = 65mm. (FRHWERE 14, £74)

Bl 2 far i ey 2 A ]

Figure 2. the structure of the output shaft

D #EMSEKE. WRRMEE B=80 mm, Ry (& Uk 0§ & Hh (=) [3 5 o] §& . W) i 4h B @
BB Ly, = (8 2) mm=78 mm; 38 & 6311 AIWEH 29 mm, & L 29 mm; #FF E
5O 799 o 1 b RO N SRR SR — E R AR Ly =10 mm,Lg =10 mm, EMKE N
20 mm, W Ly =(2+20+29) mm=5]1 mm, REAELWERMKMFERMIEIEEZA
ERE R A TR Ly =55 mm; SRS SHMEK Ly =(84—2) mm=82 mm

(@ Determine the length of each segment of the shaft. Since the wheel hub width B=80mm, In
order to ensure the axial fixation of the gear, take L, = (80 — 2) mm = 78 mm. The width of
6311 bearing is 29 mm, so take L, = 29 mm. Considering that the end faces of the gears and the
end face of the bearing should be kept at a certain distance from the box, take L; = 10 mm,

L¢ = 10 mm. The length of the sleeve is 20 mm, so Ly = (2 + 20 + 29)mm = 51mm.
According to the structural requirements of the box and the requirement that the coupling needs
to maintain a certain distance from the outer surface of the box, take L, = 55 mm. Segment 1
matches the coupling, L; = (84 —2)mm = 82mm. (FH#HBEKEL 14, £74)

WELL LW AR, FER BN SRR ITEERWE 2 R, FEREEWHA X AEE
L =149mm, %X 2 E|BAEWERK = 110.5mm. (14
According to the design above, the design draft of the output shaft is as shown in fig. 2. The

span of the two fulcrums of the shaft is L=149mm, and the distance from the right fulcrum to the
coupling is K=110.5mm.
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(3) (29%) HEHEKBEREH.
Check the shaft according to the bending and torsion strength.
O flfnz A EE (wE @R . G2
Draw the force diagram of the shaft, as shown in fig.3(a).

QU ZEENHNZAME, RXRA, AEEEANNTER LE3(b) (FE2
o, WH A

Draw the force diagram of the shaft in the vertical plane, find the support reaction force, and
draw the bending moment diagram in the vertical plane (as shown in fig.3(b))

F g : —— — N 346 N5 B 77 o) 4 5O

M, Fagy X = [ 346 > .i : ) N*mm=25 777 N *» mm

M, Fav X5=(1 328 % | N* mm=98 936 N *» mm

@ EATFEAME T HEE, KIRAG, EXTFEANESER (LWE3(C) (EE2
a, E 29

Draw the force diagram of the shaft in the horizontal plane, find the support reaction force,
and draw the bending moment diagram in the horizontal plane (as shown in fig.3(c))

. : - 149 s
Moy =Fan > 1 1 309, 5> ,l‘ Ne+emm=97 558 N * mm

@EARTER (LE3W) . @M= M2, + M2, 5. (EE3S, HE24)
Draw the resultant bending moment diagram, as shown in fig.3(d). Since = /M, + Mg, ,

M. v Moy +MG V97 558° 425 777" N* mm=100 906 N » mm

M = /My +Miy = /97 558° 498 936° N *» mm=138 946 N * mm
® fERmAEE LE3E) » (FE24, TE 14
Draw the torque diagram, as shown in fig.3(e).

I'=F, X (2 619> \ ] N+ mm=500 229 N * mm

) J
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©ELETEN, HEALAT. DL ETHEMAIHNEMETH, CAEMDEE
(3, 4BBLEBMAA) HETRECRRET, HLETEN

Draw the equivalent bending moment diagram to determine the dangerous cross section. It can
be seen from the equivalent bending moment diagram and the structural diagram of the shaft that
both the C section and the D section (the step between the 3rd and 4th axis segments) may be
dangerous sections, and their equivalent bending moment are

M, = \/M? + (aT)?
WH BB R 77 A Rk s B3R AL 1, Bla = 0.6,
Suppose the torsional shear stress of the shaft is the pulsating cyclic stress, and take 0=0.6.
T C#mE,
For cross section C,
Mi.= JMc+ (aT) v/ 138 946° + (0, 6 X500 229)° N *» mm=2330 739 N * mm
T D#&@E,

For cross section D,

Mpy=F,y X (51 ":,’ (1 328X36.5) Nemm=48 472 N *» mm
Mpy =Fanq > ‘:’.,l q‘ ) (1 309.5X36.5) Ne mm=47 797 N * mm
Mpy = /Moy +Moy /48 472447 797° N » mm=68 074 N » mm
M. vMp+(aT) v 68 074° + (0.6 X500 229)° N* mm=2307 761 N » mm

EEwmE30. (EE2%4, HHE34)
DOREERERENREE. (HHE24, 614
Check the strength of the dangerous cross section.
T CEE

For cross section C,
e - A MP: 16. 95 MPa a

F D&EE

For cross section D.

8/9



ME311 Quiz 2/3 2023-11-22

M, _ 307 761

7>70.1dp  0.1X55° e hatlad e '

MBI A, R EEE R,

Therefore, the shaft design is qualified, since the shaft meets the strength requirements.

(a)

(b)

F F, Fu
(c)
L4 M Mnn Y’

(d Ammm T
- L

: T

B3 S ) 2 R 1 B

Figure 3. Force analysis and internal force diagram of the shaft

—
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