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LECTURES ELEVEN, TWELVE &THIRTEEN

DESIGN OF SHAFTS

References:

Machine Elements in Mechanical Design by Robert L. Mott, P.E. (Chapter 12)

Note: Read section (12-1) objective of this chapter (Page 532)
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Shaft Design Procedure (Sec. 12-2, Page 532)

Determine rpm of shaft

Determine power or torque

Determine part mounted on shaft (gears, belts...)
Determine location of bearing

Determine location of (key, fillets ...)

Draw torque diagram

Determine forces on shaft

Resolve components of forces in horizontal & vertical plan

Solve the reaction on bearing

10 Produce S.F. Diagram & B.M. diagram

11.Select material and specify its condition (Suggested material is : AISI 1040,
4140, 4340, 4640, 5150, 6150, and 8650). Then determine Sy & S,;;

12.Determine appropriate design stress, considering the manner of loading
(smooth, shock...)

13. Analyze each critical point of shaft then decide which point is safer

14.Specify the final dimensions

Forces exerted on shafts (Sec. 12-3 Page 535)
1. Spur Gears:

RNk WN R

Radial force W, Wy Normal force
® | Pressure angle
>< |
W,
e, Tangential force
Driven gear
Driving gear
~— Radial line on
both gears
p arnl (s1) or P Tn_ (British)
ower = WO or ower = ritis
60 63000
2T ]
W, = o = Tangentional Force .......(12 —2)
W, = W, tan® = Radial load .......(12 —3)
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where: P = power being transmitted
n = Rotational speed
T = Torque
D = pitch diameter of gear =m N
m = Module
N = No. of teeth
@ = pressure angle

2. Helical Gears:

W, * tan®
W= ——"" .(12-4)
cosQ
W, = axial load = W, tang ... ... (12 -5)

Where ¢ = Helix angle

Helix angle
Y ";/’J — ARIS
/::’/
=
TR AT P

Page 3 of 29



Mechanical Eng. Dept. Machine Design | (Lectures 11&12&13) Third-All Branches

3. Bevel Gears:

Wip = Wig
Wep = Wig
Wrp = Wya

d F .
Tm = - = 5siny

Where F = Face width

W, p, = W, tan@ cosy

Wyp = W; tan@ siny

Wep = a (1, = mean raduis of pinion)

y = Pitch cone angle for pinion = tan™! (%)
G
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4. Chain Sprocket:

v

.\ Rotation

< "
B { Driven

sprocket

Rotation

Driving
sprocket

—
—
—

e s
- ——
—_—

F. -~ Rotation o
_c Ta _ T8 N \
T D42 T Dgr2
‘/ B/ ["‘-j

T, = Torque exerted
on sprocket A

Rotation

Tg = Reaction torque
exerted on sprocket B

by the shaft by the shaft
F. = o e (12—6) ; where D = pitch diameter of sprocket
If@ =small =0 “Fxy=F & F,=0
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5.V-Belt sheaves:

\ Rotation
oD 7\
F| > Fz
A Ts
8 Y
F, F

Net torque on A

Rotation Ty = (Fi = F)(D4/2) —
“ Fg=F +F
(= -
@ﬂ 5
Fg = Bending force
on shaft

Rotation

/

+

N

Rotation

Net torque on B
TB = (Fl - Fz) (DB/Z)

)

N

D D 2T,
Fl*E_FZ*Ez Ty = Fl_FZ:T (1)
Assume a ratio of (::—:) =5 (If not given) .......(2)

Fromeq. (1) & eq.(2) Find F; & F, thenload onshaft = F, + F,

6. Flat-Belt sheaves:

Same as in V-Belt but assume (F

Fp

2

) = 3 (if not given) then load on shaft = F; + F,

Stress Concentration in Shafts (sec. 12-4, Page 540):

e Keyseats > K, =2 for profile keyseats
—> K, =1.6 for sled runner keyseats
e Shoulder fillets > K, =25 for sharp fillet
—> K, =15 for well —round fillet
e Retaining ring grooves ———> K; = 3 or increase diameter by 6%
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When shaft designed according to strength the following cases can be considered:

a) Shaft subjected to bending only (Axle)

Msc _ Mx%/,  32m
I d*/64 td3

b) Shaft subjected to torsion only

N =4/, 16T
Xy — = TdE 3
Ji /32 md

c) Shaft subjected to torsion & bending

Toax = % M? + T? (Max. Shear stress theory)

Omax = % M? + % T? (Von — Mises theory)

Omax = % (M + VM? + T? ) (max.normal stress theory)

d) Shaft subjected to torsion, bending and axial load

M=xC F, 32M 4F, F,xd
O, = + 2= +—=2= (M + = )
I A d3 d? d3

Tmax = 7:;3 (M + Fa*d) + T ... Max.Shear stress theory
Omax = ;;3 (M + Fa*d) + ZTZ ...... Von — Mises theory

Omax = nld [(M + Fa*d) \/(M + Fa*d) + T2 ] ... Max. Normal stress theory

e For Hollow shaft and combined factors:

a2 N
A=~ (dj—df)= =2 (1—K? ; whereK =~

o

do

do
I=—=(dj—d) == (1-K"

ndo

J= g (di—dh =" (1-K"
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Example: Design the shaft shown in the figure below, if the diameter of shaft at
points A, B, C and D is: (A=42mm, B=84mm, C=90mm and D=28mm).

B and D are bearings
(@) Pictorial view of forces on gears 4 and C
Shaft to be designed i
—— carries gears A, C L
2
- N
+ +
Wa Wi ™ Wc
A C o)
Forces on Forces on
gear A
Pitch circles BeArs:
Input: Gear _P drives gear 4 Output: Gear C drives gear O
Action case Reaction case
(&) Forces on gear 4 {c) Forces on gear C
B, Rp, W, 4 W 18618 N
3398 N 5439N 9340N
B C 254 mm B 254mm [
A 254 mm t 318 mm t D A 254 mm t 318 mm c '
2037N ’6800 N 20548 N 7472N
Ry We Ray Ropy
11209
5439
Shearing 0 — Shearing 0
force, V I__Jr' force, V
(Ib) (Ib)
9340 -7472
1898
0 A B C D A B
Bending Bending ¢ C D
moment, M moment, M
(Ibsin) =08 (Ibein)
- 1381
- 2373
(a) Horizontal plane, x-direction (b) Vertical plane, y -direction
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A B C D
(= D
— —
[
Horizontal plane Vertical plane
A D A C

31209
5439
[ -l361
7472
3398 -9340
C
1896
A B C D A B |
D
| | I
| \/
-863
1381 -2373

K: For key way =1.6
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B
C
A D
- L/
Dy =42mm D, =28mm
D, =84mm
D3z =90mm
T =2373N.m Torque diagram
At point (D): assume well rounded fillet Kt) benda = 1.5
Kt) tor=1.5
At points (A&C): assume sled-runner key way Kt ) keyway= 1.6
At points (B&C): assume well rounded fillet Kt) bend = 1.5
Kt) tor = 1.5
Ox+0y Ox—0y 2 5 _ Oy Oy 2 2
- B v [
9x=0y)? 2 %)’ 2
Tmax = ( > ) t Ty = (_) tTy 0 e (2)
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At point A:
Atthispoint M=0&T=2373 N.m

0x=0& Tyy = % = (2373 * 1000 * 2)/(*(42)"3/32) = 163.2 N/mm?

61=0++/0 + (163.2)2 = 163.2 MPa

At point B:

At this point Mg =\/(be )2 + (M, )2 = /(863)2 + (2373)2=2525.5 N.m

Also, T=2373 Nm

ox = MpC _ 2525.5+1000+32 _ 43.40 MPa
I *(84)3

Txy:Tr _ 237341000416 _ 5 45 1ipe

] T mx(84)3

2
01= 2 \](432—2) +(20.4)2 = 51.5 MPa

43.2

rmasz(T)z +(20.4)2 = 29.8 MPa

At point C:

At this point  M¢ :\/(MC,C )2 + (Mg, )2 = /(1381)2 + (1896 )2 = 2348 N.m

Also, T=2373 N.m
5, = McC _ 234841000532 _ o) o ip
I *(90)3
- _TT _ 237341000416 _ o cyin
] *(90)3
32.8 32.8)2
0= 28 \](T) +(16.5)2 = 39.7 MPa

32.8

rmaX=J(7)2 +(16.5)2 = 23.3 MPa
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At point D:
At this point Mp=0
Also, T=0

There is a vertical shearing force in x-direction (horizontal plane) and y-
direction (vertical plane).

Rp=+/(5440)2 + (7473)2 = 9243 N

Ox = 0
xy = ﬂ = (4*9223;) = (4*92352 = 629 MPCI
Mo 3w 3w

01=0 ++/0 + (62.9)2 = 62.9 MPa

Tmax=+/0 + (62.9)? = 62.9 MPa

So you can see from the above results, that the worst case at point A
Tmax = 163.2 N/mm?

If we assume that K¢ = 1.6

Tdesign = Kt Tmax = 1.6¥163.2 = 261.12 MPa = Ss,/N

Ssy=522.24 MPa, if we assume (N=2) and Ssy = 0.5Sy

Sy =1044.48 MPa

From (appendix-3) use carbon and alloy steel (P. A6) AISI 4140 0QT 1000
Sy =1050 MPa

Or any material that you see advisable

So you can apply

K: 0 <04 =Su/N

Or

Kt Tmax < Td = Ssy/N
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If we apply Von-Mises theory for the previous example:

0'=\/0,% + 374,
At point A:
ox=0 Txy=163.2 MPa

0'=y/0 + 3 * (163.2)2 = 282.7 MPa

At point B:

0'=y/(43.4)%2 + 3 % (20.4)2 = 56 MPa

At point C:

0'=y/(32.8)% + 3 * (16.5)2 = 43.5 MPa

At Point D:

0'=y/0 + 3 x (62.9)2 = 108.25 MPa

Also the worst case is at point A

0 =282.7 MPa

04=Ki0=1.6%282.7 =452.32 MPa = Su;/N
Sue=1357MPa atN=3

From (appendix 3), P. A6

Say material chooses in AISI 4150 OQT 1000
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Example (12-1), p.548:

Design the shaft shown in the figures 12-1, 12-2, 12-11 and 12-12. It is to be
machined from AISI 1144 OQT 1000 steel. Gear A receives 150 KW from gear P.
Gear C delivers power to gear Q. The shaft rotates at 62.8 rad/s.

Notes:

1- Use the bending moments and shear forces diagrams as shown in the
previous example.

2- If you want to find the forces on the gears, you can do the followings:
T=P/w =150 KW*1000/62.8 rad/s = 2373 N.m

Wwu=Ta/(Da/2) = 2373*2/0.508 = 9341 N ¢

Wra= W tan ¢ = 9341 tan 20 = 3398 N —=

Wic=Tc/(Dc/2) = 2373*2/0.254 = 18680 N |,

Wre= Wic tan ¢ = 18580 tan 20 = 6800 N <—

Now, solve the previous example by using fatigue equation:

Solution:

From A4-2 ——> §,=572.28 MPa & $.=813.61 MPa

From fig. 5-8 —> $,=289.6 MPa & S, = S,, (Cy,) (Cs¢)(Cr)(Cs)

Cm=1 (material factor =1 for wrought steel)

Cse= 1 (type of stress factor =1 for bending stresses)

Cr= 0.81 (for design reliability of 0.99)

Cs = 0.75 (assumed from fig. 5-9 because the size of shaft is not available in this
stage)

Sy = 289.6 % 0.75 % 0.81 = 175.82 MPa

o' = Von Miseses stress = ’a,? + 37,

1. Point A:

Tr 16T
Oy = \/J,?m + 3t%ym = 0+31%, = V3 - = 3 e

. . S 572.3 1642372
For static loading o, = Fy =— = V3 * 73 - Dy =41.9mm
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L= (T-0N = (16T)/ (= D)

Time

2. Point B:

0,’m=\/0§m+ 3T3ym = /0+3(16T = % ﬂz
c;=\/0§a+ 3T3a = @2+0 = /

1 _ O'{H+ KtO";
N Sy Sh

To solve the equation above for the shaft diameter (D), use this equation:

(Soderberg equation)

p=|32N [KtM] N Z Sy]

w|r

2 2
32x2 1.5%2525.5 3 [ 2373
D, = [ ] + - [ ] = 83.82 mm
T 175.8%103 4 1572103
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Cp=(T0)/) =(16T) /(= D?)

Time

Stress, o

Gxa
Cuxn =0 \/ Time

c=My)1=32M)/(xD?)

3. Point C: (you can use the same equation above with different value of stress

concentration Kt & bending moment with same torque).

Exercises

1- Solve problems (Page 571), [Q35 and Q37] and draw complete construction

for each of the above two questions.
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Q35: The double-reduction, helical gear reducer shown in Figure PI 2-35
transmits 5.0 hp. Shaft 1 is the input, rotating at 1800 rpm and receiving power
directly from an electric motor through a flexible coupling. Shaft 2 rotates at 900
rpm. Shaft 3 is the output, rotating at 300 rpm. A chain sprocket is mounted on
the output shaft as shown and delivers the power upward. The data for the gears

are given in Table below.

1.5 22—
ol Output
1.25 =1 : ) !
Shaft 3
Input Ry
Shaft | 1T " -—Q
( — ¢x(‘
P Wea
i ks
Shaft 2
A = c D
B
2 6 - p SD
o
Ao
] /Q
P ~—
AN /r}\
B &
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Module FE No.of Face
Gear Diameter (m ' Width (F)
mm (m) N Teeth (N)
) mm mm
P 3 36 12 19
B 3 72 24 19
C 4 48 12 25
Q 4 144 36 25

Power= 5hp = 3728.5 watt.

Shaft (1) n1=1800 rpm w,; = 188.5 g
Shaft (2) nz2=900 rpm w, = 94.25 %
Shaft (3) n3=300 rpm w; = 31.4 ™

¢ = 14.5° P = 45° @, = 20°
Material AISI 4140 OQT 1200

a. Determine the magnitude of torque in shafts at all points.

__ power 37285

Shaft (1) T, = T T i 19.8 N.m
power 37285 .

Shaft (2) Ty =——="5,7z =396 N.m (Assuming n = 100%)
power 37285 .

Shaft (3) T3 =——=—="-=118.79N.m (Assumingn = 100%)

b. Compute the forces on shafts and on bearings

Shaft No.1
W - 2T,y 2%+19.8+x1000 1100 N
D, 36 -
tan® tan14.5
W, =W, = 1100 x ———— =402 N
cosQ cos45

Wy, = Witang = 1100 N.

Wey *57 —W,, *18 —W,, 25 =0 (My=0)

Page 18 of 29



Mechanical Eng. Dept. Machine Design | (Lectures 11&12&13) Third-All Branches

1100« 18 + 402 = 25
o WE)V = 57 == 523.7 N

» Wgy = 402 — 523.7 = —121.7N

WE)H*57_th*25:0 (MF=0)

1100 = 25
oo WE)H == ? == 4‘82. 5 N

» Wpy = 1100 — 482.5 = 617.5N
Mpyy = —Wgyy + 32 = 523.7 %32 = 16.8 N.m

i 11— e ag Coplee 32 sl s F
Fx:=1100N 5 F ; ;

S ! ! ! '

o e lm i . i

P Wi ' s b T s

We

Shear Force Diagram

617.2N |

Mﬁl 1‘1:1.73: |4E:.5:~:
402N

Bending Moment DMagram

15.4N.m

1 ~_

TorgueDagram
i i T:=1100N.m

Vertical Plane Horizanial Plane
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Shaft No.2
W - 2T, 2%39.6+1000 1650 N
t“" b, 48 B
tang® tanl4.5
W, =W;——=1650* —— = 603.5 N
cosQ cos45

W,.=W,tanp = 1650 N.

Mp=0 [Note: (Wrp= Wis)( Wxp= Wxp)]

W 4y * 250 + 1100 * 36 — 402 + 200 — 1650 * 24 — 603.2 « 50 = 0
" Way =442 N

» Wpy = 402 + 603.5 — 442 = 563N

Mp=0 [Note: (W= W)]

W 4 * 250 — 1100 * 200 + 1650 + 50 = 0

~ Wy =550N

. Wpyy = 550 — 1100 = 1650 = 1100N

i‘o"}ﬂ:“'x]?.

o o Wic=1650N ! Wis=1100N i_“_
| v - i i | H
esgn | Wi *'EIA, Wee| 3 l | l
Fxz 5502‘\‘ 4 e 1 . ¢ |

K B C D B 4 D
Wav [& 50 =< 150 —3F— 50 —> “’.{}HT& 50 —»<— 150 —p— 50 —>

| Wic=1650N
Shear Force Diagram
442N 402N
¥ 550N 17 ' 100N
563N
Bending Moment Diagram

67.4N.m
62N.m 27.5N.
27.8N.m "
22 4N.m \ /\

Torgue Diagram
i’[g=39.ﬁ}i.m i’Iz=39.ﬁl'\'.m
Vertical Plane Horizantal Plane
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Shaft No.3
. _2Ts_2:1185x1000
T Dy 144 -
W W tang 1646 tanl4.5 603.2 N
= = ¥ — = .
e Q¢ cose cos45

Wyo = Wiptane = 1646 N.
Assume Pitch dia. Of sprocket =288 mm

2T;  2+118.5+1000

=823 N
Dchain 288

Fipain =

MG=0 [NOte: (Wrc= WrQ)( ch= WxQ)]
£ 823+138— Wy «88+ W, +38+W,0+72=0

823 » 138 + 603.2 * 38 + 1650 * 72
Wy = o5 = 2901 N

o WG)V = _14'76 N

Ms=0 [Note: (W= Wi)]

1646 x50

Wy = 1646 — 935.2 = 710.8N
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| ) TWaw ) i
TWaw H I F chain I WeorlgdaN !
< 38 < 50 20 i |
Frs=1646N : 2 sz : 5 ;
1 . , | G
& 140 s T Q 4
- - | Wemfe 38 == 50 50 —>
Wi | ] " |
W ' ' .
Shear Force Diagram
14768 502N
k4 93520 f l
Tma:,; | |?1|}.E}'
Bending Moment Diagram
2,54, - T
62.5N.m 41.2N.m 355N.m
FN ) § T ’y ? ) !
56N m
Torgue Diagram
T3=113-T4:""—-l11i T:=118.T4N.m i
Vertical Plane Horizantal Plane
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c. Material of all shafts:
AISI 4140 0QT 1200

From figure (A4-4) P.A-9 for AISI 4140 oil quenched and tempered at 1200 F -
Sy=785 Mpa and Sy;=896 Mpa.

From figure (5-8) Sn=335 Mpa.

S,n:Sn*Cm* st * Cgp * Cg

=335*1*1*0.81 (for design reliability of 0.99)*0.75(assumed because the size
of shaft not available).

=203.5 Mpa.

d. Design Factor (N)

There are many factors influence the design factor (N) discussed before so
choose a nominal value of N in our case =2 for general machine design.

e. Minimum allowable shaft diameters

The min. allowable shaft diameter is now computed at several sections along
the shaft. Table below summarizes the data necessary for computed diameter
of shaft.
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SEearmg I\I?Iendln? Axial Stress Loadin
Points | Torque(N.m) Orces oments Force | Concentration iing
Condition
Vy | Vx | My Mx (N) factor Kt
(N) | (N) | (N.m) [ (N.m)
Static torsion
E 19.8 524 | 483 0 0 1100 Fillet Kt=1.5 static axial
load
Static torsion
P 19.8 402 [ 1100 | 168 | 154 | 1100 | Keykt=1p | reversedB:M
static axial
load
F 0 122 617 | 0 | O 0 | Filletki=15 | Staticshear
load
A 0 42 550 | o | o | s50 | Filletki=1s | Staticaxial
load
Static torsion
(550) _ reversed B.M
B 39.6 402 | 1100 | 62 | 272 | ;e | Key KE=L6 static axil
load
Static torsion
Cc 39.6 603 | 1650 | 672 | 55 | 1650 | Keykt=1.6 | "CversedBM
static axial
load
b 0 563 | 1100 0 | © 0 | Filletki=ts | Staticshear
load
G 0 1476 935 | 0 | 0 | 1646 | Fillerke=1s | Statcaxal
Static torsion
Q 118.74 | 603 | 1646 | 625 | 355 | 1646 | KeyKt=1.6 | "CVersedBM
static axial
load
Static torsion
: _ reversed B.M
S 118.74 2901 | 711 41.2 0 0 Fillet Kt=1.5 ; -
static axial
load
T 118.74 823 0 0 0 0 Key Kt=1.6 Static torsion
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Now from table above you can see the complete analysis for each point on
shafts. So to take all factors and stress will make the design complicated, then
the following notes will help us for finding the shaft diameters.

Notes:

1- Neglect the stress concentration for static loading and the material is
ductile.

2- Neglect the axial load and shear loads on shaft if loading is torsion only,
bending moment only or combined bending and torsion.

3- When you neglect certain items, increase the shaft diameter then find
design factor N for checking or find new allowable stress and should be
less or equal the actual allowable stress.

Examples:
In point E (Fa*dg/8) was neglected. Then dg=7.64mm.
This value was checked o,,x = 342 Mpa < 392.5 Mpa

In point P also (F.*dg/8) was neglected. Then d,=15.9mm and increasd to
17mm, in this case check N=2.4>2.

4- Use appendix 2 page A-3 to choose the preferred basic sizes.
EXAMPLE:

In point E instead of dg=7.64mm_choose the preferred basic size =8mm or
you should choose at this point suitable bearing then from page 607, the
smaller diameter of shaft=10mm. So at last the minimum diameter de=10mm.
which_give you more safety.

1- Point E
—Sy—785—392 5 MP
Oqll — N = 2 = . a

*d 2
Omax. = 32 \/(M+Fa E) +%T2

nd3 8
M=0 and neglect (Fa*de/8) temporarily.

32 V3
#3925 =—=x—T3
ndy; 2
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32 V3
3 _ 2
di 7(392.5) 2 * (19800)

~dg=7.64mm

Now say de=8mm and check for stress.

32 [,1100%8\%> 3
Omax = —o3 ( S ) +Z(19800)2 — 342 MPa < 392.5 MPa
T

~de=8mm is O.K.

2- Point P

32 Fardp\% 3

32 [/1100+d,\ 3 )
O = +(19800)

- md} 8
Neglect (Fa*de/8)
32 3 (19800) 151.338
o = k —— % [ —
Im = ndd 4 43

32 32+1.6 371.613
o, = n—d?),/(KtM)Z =d V(16.8)% + (15.4)2 « 1000 = o

Om

aa
Sa Sy

1
N
,1_ 371613  151.338
"2 d3x203.5 d3+785

~ dj =3652.2 + 385.6
<dp=15.9mm Say dp=17mm
Then, to check N

32 1100 - (17)° + > (19800)2 = 35.9MP
g,, = — = . a
™ ox(17)3 8 4
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_ 371613

o,=———="75.6 MPa.
©oQand

o756 359 “N=24>2 - diameteris 0.K
"N_ZOB.S 785 o = 4. < dlameter 1s U. K.

3- Point F

At this point there is only vertical shearing force =\/(121. 7)% +(617.2)% =
629 N

. _4*V_4-*629*4
"Tmax._B*A_ S*R*d%

Tomax. = 0.577 % Gy = 0.577 % 392.5 = 226.5 MPa

16 * 629
dr = \/ =2.17mm

3*xm*226.5

So this value is very small and the minimum inside diameter of roller
bearings in text book =10mm

So say dr.=10mm
4- Point A

At this point there are axial load and vertical shearing force

— 2 2
Omax. = /o-x + 3Txy

F, 4+550 700

T AT a2 T &
_ 4V _16\/(449)2 + (550)2 1206
700\’ 1206\°> 1
+392.5= ||— ) +3(—5) =-57(700)2 + 3(1206)2
dA dA dA

~da=2.4mm  so say da=10mm (as before).
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5- Point B

At this point there are torsion, bending moment, vertical shearing force and axial
force.

Now neglect vertical shearing force and axial force.

.. Use the following equations. m /H

_ 32 (KM)2+3T2 d 1—0“+a’"
=32 BT, (M, =MeanB.M.= 0) T T
n'd% 2 Ta=0
349500 _
O'm = d—% | No. of cycles
32 (1.6 +/(62)2 + (27.2)%) » 1000 o
= —_— . * . * =
Ta nd3 d3
. 1 _ 1104000 349500
"2 2035d} = 785d}
..dg=22.7mm  say dg=25mm (APP.2) P. A-3.
Also you can check as on point (P).
6- Point C
349500
32 (1.6 +/(67.2) + (55)%) + 1000 e
o,=——=(1.6 % . * =
“ Tl'd% de

.1 _ 1416000 = 349500

ot - 3 3
2 2035d} = 785d}

.:dc=24.56mm  say dc=30mm

Also you can check as on point (P).

Finally: you can solve other diameters for D, G, Q, S and T as before.
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Now the complete construction of the gearbox may be similar to construction
below:

Ball bearing

§\\ NI )
, % \\f == ' ? Gear G%\
Ge Key \ Ak 4 Output
ar p Input & . iy
shaft | ?l,, 4 shaft 3 /é\
Loa—n° l N,
e B ——
Qaf B \\\\ ? /"v.' Z///% 1.1 '/’ - Shaft seal /
% X Outside §4 /////,‘ %kfl/é
diameter ra L0
N = /41/
fos. 7ol
S &
? N Gear C W
Pitch
diameter
; - [ SNNNNNN
End view of gear pair 1- Section view of double-reduction gear type End view of gear pair 2-
i s speed reducer Gears Cand Q

FIGURE 8-3 Conceptual design for a speed reducer
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