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Necessary strength to resist loading stresses affects the choice of materials and
their treatments. Many shafts are made from low-carbon, cold-drawn or hot-rolled
steel, such as AISI 1020-1030 steels.

ATSLU 1o = KA

becomes an issue. The cost of the material and its processing must be weighed against
the need for smaller shaft diameters. When warranted, typical alloy steels for heat
treatment include AISI 1340-50, 3140-50, 4140, 4340, 5140, and 8650. /

ML;J\;&Q:U {o:—“ <_./-/¢-:"J(f("”»«"’

Shafts usually don’t need to be surface hardened unless they serve as the actual

journal of a bearing surface. Typical material choices for surface hardening include Tl
carburizing grades of AISI 1020, 4320, 4820, and 8620. /
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BASIC

N5000

O

BOWED

5101*

O

REINFORCED

5115

HEAVY-DUTY

5160

®,

Far housings and Dores Far shailts and pins For shafts and pins Far shafls and pins
Sue | 250—10.00n §ize | .188—1.750 in, See | 0%4—10n Size | 394—20n
Range Range Range Range
INTERMNAL B d4—254 0 mm EXTERMAL 4 8-44.4 mm EXTERMAL L] EXTERMAL 10.0— 53 8 mm
BOWED BEVELED BOWED E RING “SLEBTE\"
»
N5001 5102 5131 T.5304
For housings and bares Far shafts and ping For shafts and pins For shalts and ping
Size | 2501750 Gize |1 0100w Sure 1101 375 in Sore 156 — 1,000 in.
iINTERNAL | P88 6T aa s mm. ExTERNAL | "8 Mot 250 0 mm | ExTERNAL | ¢ (28 309 mm EXTERNAL | F9MRE [ 40 354 mm.
— BEVELED CRESCENT® E-RING GRIPRINGE
“*N5002/* N5003
| | For housings and bores 5103 5133 5555
| T For shafts and ping For shafts and plns For shafts and pins
size |° 264— 2840 mm 1252 0 4 ? 7
A= 44, " =1 -~ in.
' Range ™ 281 In. éﬁe ;;?'e ool L E;fn?u peRE
INTERMNAL * 38 T—TiAmm | EXTERNAL 12508 mm EXTERMAL | B—38 9 mm EXTERMAL 7.0-—=190 mm
CIRCULAR CIRCULAR RADIAL GRIPRINGE HIGH- STRENGTH
5005 5105 5135 5560*
Far housings and bores Far shafts and pins jor shalts and ging Far shafts and ping
Site IN2—20mm Size 094—1 0 n &ize 0894 — 375 5i8 101— 328 n
INTERNAL | FAnE¢ . EXTERNAL | 270 - EXTERNAL | "8 75055 o | ExTeERmAL | Ponee .
INVERTED INTERLOCHKING PRONG LOCHR PERMAMENT SHOULDE R
L ] e L ]
5008 5107 = 5139 5590
For housings and bores For shafis and pinsg — For shafts and pins For shalls and ping
==
Size T50-—4.0in Sipe | 465—3.375 in. Sire 092 438 in Sure 250 750
INTERNAL | "™ [1a 0101 6mm | EXTERNAL | P [T 9 857 mm | ExTERMAL | "27"8® . EXTERMAL | Finget [ & a0 190 mm
BASIC INVERTED REINFORCED E-RING
5100 5103 5144 *MNon-Stocking Ring Type:
Availabl i
For shafts and pins Far shatts and pins For shafts ang ping U:?; able on special order
Size 125100 Sire 5004 0 10 gize | U94— 562 in
Range Ramge LE LT L e ——
EXTERMAL 32254 Omm EXTERMAL 127101 6 mm EXTERMAL 74143 mm

_v,(/ag’lu
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Busing Shaft

Figure 3 — Kay fits snugly batwesn bushing and shatt te lock
them together radially.
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fower lock Shatt hab Lock\fy

F';,.. = Pressure on salid shal
L Fy = Pressure on hub

Constrestion and Warking of Shaft Locking Devicas
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Figure 7-5

Arrangement showing bearing inner rings press-fitted to shaft while outer
rings float in the housing. The axial clearance should be sufficient only to
allow for machinery vibrations. Note the labyrinth seal on the right.

s
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Figure 7-6

Similar to the arrangement of Figure 7-5 except that the

outer bearing rings are preloaded.
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It is always necessary to consider the possibility of static failure in “the first load
cycle. A von Mises maximum stress is calculated for this purpose. T -Z
+C

s = (O + 62)° + 3(7, + 72)°1"°

32Kf-(Mm + M)\ ?2 lﬁKf-S(Tm + T,)\*]1/2
| 3 +3 | 3
xd wd

(7-15)

To check for yielding, this von Mises maximum stress is compared to the yield
strength, as usual.

n,=— (7-16)
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T EXAMPLE 7-1

At a machined shaft shoulder the small diameter d is 27.94 mm, the large diameter D is 41.91 mm, and the
fillet radius 1s 2.79 mm. The bending moment is 142.35 N - mw and the steady torsion moment is
124.28 N - mmp. The heat-treated steel shaft has an ultimate strength of S,, = 724 MPa, a yield strength of S, =
565 MPa, and a true fracture strength of 6,= 1069 MPa. The reliability goal for the endurance limit 1s 0.99.
(a) Determine the fatigue factor of safety of the design using each of the fatigue failure criteria described in
this section.

(b) Determine the yielding factor of safety.

¢ d= 1FAwmm S T2y
d D O - ﬁ\'o\ mes ‘4 /‘k

T 519 ~om ;w0
w

= — -3 .M ) /(/‘ =0

3
M AL 35X \0 Noamm, Topr LT U ls Aom
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(@) D/d = 41.91/27.94 = 1.50, r/d = 2.79/27.94 = 0.10, K, = 1.68 (Figure A—15-9), K,, = 1.42
(Figure A-15-8), ¢ = 0.85 (Figure 6-26), gy,... = 0.88 (Figure 6-27).

From Equation (6-32),
K;=1+0.85(1.68 — 1) = 1.58
Ki(=1+088(142—-1) =1.37

Equation (6-10): S! = 0.5(724) = 362 MPa
Equation (6-18): k, = 3.04(724)"*" = 0.729
Equation (6-19): k= =—— = 0.870
quation ( ) 5 ( 6 )
ke=kg=ke=1
Table 6-4: k, = 0.814

S, = 0.729(0.870)0.814(361.99) = 186.75 MPa
For a rotating shaft, the constant bending moment will create a completely reversed bending stress.

M,=1423548N-mm T, =124278N-mm M, =T,=0
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For a rotating shaft, the constant bending moment will create a completely reversed bending stress.
M, = 142354.8 N » mm T,, = 124278 N * mm M,=T,=0
Applying Equations (7-6) and (7-7) for the DE-Goodman criteria gives
Equation (7-6): A= \/W = V4[(1.58)(142354.8)]> = 449271.75
B = V3(K,T,)* = V3[(1.37)(124278)]* = 294814.36

_ ad (A B\~' #2(27.94)° (44927175 29481436\ '
Equation (7-7): n=——|—+— = + = 1.52
16 \S, S, 16 186.75 723.98
Answer n=1.52 DE-Goodman

/

Mo . T
N.MM J/m )\ %’,/C/I/,M}L,J&

M\D& ~ Sc L su:l
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For comparison, consider an equivalent approach of calculating the stresses and applying the fatigue failure
criteria directly. From Equations (7—4) and (7-5),

(32 -1.58 - 142354.8 \2]1/2
6 = = 104.91 MPa
@ m(27.94)3
, 16 - 1.37 - 124278\ *]'/2
Cm = = = 68.84 MPa
m(27.940)
Taking, for example, the Goodman failure critera, application of Equation (6-41) gives
1 ¢ o, 10491 68.84
—=—+4+ = + = 0.657
n S, S, 18675 72398
n=1.52

which is identical with the previous result. The same process could be used for the other failure criteria.
(b) For the yielding factor of safety, determine an equivalent von Mises maximum stress using Equation (7-15).

) [(32(1.1"}8)(142354.8))2 (16(1.37)(124278)
7(27.94) 7(27.94)

271/2
) ] = 125.48 MPa

Sy 565.39
Answer n,=—"—= —
JI‘[IEIX *

I

I
.
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Large radius
relief groove

Shoulder
relief groove

Sharp radius

Large radius undercut
Stress flow

Bearing

Shaft

Figure 7-9
Techniques for reducing stress concentration at a shoulder supporting a bearing with a sharp radius. (a) Large radius
undercut into the shoulder. (b) Large radius relief groove into the back of the shoulder. (¢) Large radius relief groove

into the small diameter.
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pist Iteration Estimates for Stress-Concentration Factors K, and K|,

ng: These factors are only estimates for use when actual dimensions are not yet
determined. Do not use these once actual dimensions are available.

Bending Torsional Axial
Shoulder fillet—sharp (r/d = 0.02) Reas - 2.7 2.2 3.0
Shoulder fillet—well rounded (r/d = E).,l) 1.7 1.5 1.9
End-mill keyseat (r/d = 0.02) (jl.ﬁ/' < 2.14 3.0 —
Sled runner keyseat ;/'fiy-/ ) 1.7 - -
Retaining ring groove 5.0 3.0 5.0

Missing values in the table are not readily available.

U ~J¢ " Showldey fillef
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() 5led mnner keyseat w

IGURE 12-7 Keyseats
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A key.seat 1s a longitudinal groove cut into a
shaft for the mounting of a key

The profile keyseat 1s milled into the shatft,
using an end mill having a diameter equal to
the width of the key. The resulting groove 1s
tlat-bottomed and has a sharp, square corner at
its end.

The sled runner keyseat 1s produced by a
circular milling cutter having a width equal to
the width of the key. As the cutter begins or
ends the keyseat, 1t produces a smooth radius.

For this reason. the stress concentration factor
tor the sled runner keyseat 1s lower than that
tor the profile keyseat.

s
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This example problem is part of a larger case study. See Chapter 18 for the full context.

A double reduction gearbox. design has developed to the point that the general layout and axial dimen-
sions of the countershaft carnying two spur gears has been proposed, ag shown in Figure 7-10. The
gears and bearings are located and supported by shoulders, and held in place by refaining rings. The
gears tranomit torque through keys. Gears have been opecified as shown, allowing the tangential and

radial forces tranemitted fhrw_gh the gears fo the shaft to be determined as follows.

Wi = 2402 N Wi, = 10814 N
Wi, = 876 N Wi, = 3937 N
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where the supersripts f and r represent tangential and vadial divections, respectively; and the subscripts
~23-and-54-represent the forces exerted by gears 2-and-5-{not shown)-on-gears 3-and Y. -respectively.
 Proceed with the next phase of the design, in which a suitable maferial is selected, and appropriate
 diameters for each section of the shaft are estimated, based on providing sufficient fatique and static

- olress capacity for infinite life of the shaft. with minimum eafey factors of [1.5.

-
W,

Rg, = 3226.28 N

W
" Solution f L/ ) WL,
- Perform free body diagram T l R,
~analysio toget reaction forees at Ray f }
 fhe bearings. . 7 Vs 5
R, =511.54N S SIS S S
Ry, = 1586.67 N v2 o
- — Bz
Rp. = 7900.00 N S |
' z I I
| |
| I

s
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Start with point 1, where the bending moment is high, there ic a strees coneentration at the shoulder,
and the forque is present.

Atl, M, = 412489.98 N - mm, T,, = 366069.0/N-mm, M, =T,=0

" L2 I ] .
LU (2N I T AN S LD T

v J = ’Qf’/’u(//
) T At fre
./J/J i"// o

- /
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- Aume gererous fillet radius for gear at I.
 From Table 7-1, estimate K, = 1.7, K,, = 1.5. For quick, concenative first pass, asume
K=K, K=K,
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Choose inexpensive steel, 1020 CD, with S, = 470 MPa. For S,

Equation (6-18) k,=aS’ = 3.040470)™*" = 0.8
Guess ki, = 0.9. Check later when d is known.
kf: -+ k{!’ = 'IE‘-E' -t ]
Equation (6-17) S, = (0.8)(0.9)(0.5)(470) = 169.18 MPa

L/L/JC ffw/c/‘/\/ ’/L/’/Cav-/l/)

uy,j/(/ﬂc/& C‘@JL'PJL}'L/‘/) J‘"\‘f'

I e Wiyl by .Cﬁ:\f
4

@/Jf_ e A Kprob il
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O,

For first estimate of the amall diameler at the shoulder at point I, use the DE-Goodman criferion of
Equation (7-8). This criferion is good for the initial design, <ince it is simple and consenvative. With M, =
= 0, Equations (7-6) and (7-8) reduce o

y {]ﬁn (E{K;M{J [3(1{&?",“)2]”3)}1;3

BLERNEARNEED'
i {15{1.5; (2{1.?)(4]2489.98) T {3[{1.5;(355059.0?}]1}”1)}““3
m 169.18 470
d=42.35 mm

All estimates have probably been consenative, <o select the next standard <ize below 1.69 in and check,
d = 41.275 mm.

¢~
L e

d =z A5 (jJJ&J )h// ) Shel e
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A ypical D/ d ratio for support at a shoulder is D /d = 1.2, thus, D = 1.2(41.275) = 49.5300 mm.
lncrease o D = 50.8 mm. A nominal 2-ine cold-drawn shaft diameler can be used. Check if estimates
were acoeptable.

D/d=50.8/41.275 = 1.23
Aesume fillet radius r = d/10 = 4.1275 mm, r/d = 0.1

Wi,

v 2 2 D=12el = 445

0 =

=
-h.ﬁ
-]

0_._4 50.$:2/

| 1 -
=l D[ A Tes =2
/::.-_.h I _f\ R{ (f/('\-//ljl}/JL’

1

0 = 5o mnn
V/g;o'j. :—> ( =4 mm
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K, = 1.6 (Fig. A-159), g =0.82 (Fig. 6-26)
Equation (6-32) Ki=1+082(1.6-1)=149

K., =135 (Fig. A-15-8). g, = 0.85 (Fig. 6-27)

Kg=1+0.85(1.35—-|1) =1.30

k., = 0.801 (no change)

Equation (6-19) ky = ( — ) = (.835

Se = (0.801)(0.835)(0.5)(470.000) = 157.12 MPa
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Db 73 el ‘(j“‘ﬂ w/“"/“"“"‘c\

3 / \ -1
ad” (A B O” J})
lb .Se Su!
] SQK;M 32(1 49)412489.98(1000)
Equation (7-4) o = 89149.95 kPa
a(41. 2?"')
_ 16K~ n 12 4/3(16)(1.30)366069.07(1000)
Equation (7-3) n =t
ad? x(41.275)3
= 5958540 kPa
-
Using Goodman criterion 4 ﬁ = ["“( - /°5
l — a.r:r_ﬂ o — 89149,95/157.12  159585.40/470 — 0.696
no S, (Se 100 1000
n,=1.44
Note that we could have used Equation (7-7) directly.
Check yielding.
= S, S, 1 392997.900 el
e 7 o+ o, 89149.9464 + 505854043
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Aleo check this diameler at the end of the keyway, just to the right of point 1, and at the groove at

point K. From moment diagram, estimate M at end of keyway fo be M = 423675 N - mm. 4) 1A
hssume the radivs ot the bolfom of the kquwag wil be tho slandard 1/d = 002

r=0.02d = 0.02(41.275) = 0.8255 mm.

K, =214 (Table 7=1)| Flgure 6=26)

Ki=1+4+065214-1) =174
K,,= 3.0 (Table 7-1), g, = 0.71 (Figure 6-27)

Ki=1T+071(3=-1)=242

. 32K:M,  32(1.74)(423675 N - mm)
o= —" = 106849.00 kPa
xd #(41.275)°

KT, 3(16)(2.42)(366069.07
oh = V3 (16)—-= "F( J(2A42)( O07) | 11113424 kPa
ad® 2(41.275)°

1 o, on 106849.00 111134.2416

n S, 8. 157(1000)  470(1000)

n,= 109 K

o Pvmn, v

=0919
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The keyway turns out to be wore critical than the shoulder. We can either ncrease the diameler or use a higher
strength waterial. Unles the deflection analysis shows a need for lamger diameters, let us choose to increace the
shrength. We started with a very low drength and can afford to nerease it come to avoid lamger <izes. Ty 1050
CD with S,, = 690 MPa.

Recalculate factors affected by S, ie. k, — S.. g — Ky — o,

k. =3.04(690)""*"=0.736, 5, = 0.736(0.835)(0.5)(690) = 211.91 MPa
g=072,K;=1+0.72(214 4 1) = 1.82

32(1.82)(423675)
=T @5y
1| 111746 . 111134.2416 — &80
ny - 211.91(1000)  690(1000)

n,= 1.45

= 111746 kPa
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Check at the groove at K, sinos K, for flat-botiomed grooves are often very high. From the forque diagram,
note that o torque io present at the groove. From the moment diagram, M, = 270926 N - mm,

M, =T,=T, = 0. To quickly check if this location is potentially critical, just use Ky = K; = 5.0
as an eslimate, from Table 7-1.

32K:M,  32(5)(270926(1000))
~ wd® | 2(41.275)°
i B 211.91(1000)
ﬁﬂ

= = 1.08
196227

gﬂ

= 196227 kPa

nj' =

7
Whle T-l — Ky=b  dlos?
ky =kp
Mo
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This s low. We will look up data for a specific retaining ring to obtain K more accurately. With a quick
onling search of a retaining ring specification using the webeite www.globalopec.com, appropriate groove
opecifications for a retaining ring for a ohaft diameter of #1.275 wm are obtained as follows: width,
a = 1.727 mm; depth, t = 1.219 mm; and cormer radius at botfom ofgmafe, r = 0.254 mm.
From Figure| A-15-16, with r/¢ = 0.254/1.219 = 0.208, and a/t = 1.727/1.219 = 1.42
K, = 4.3, g = 0.65| (Figure 6-26)
Ki=1+4+0.6543-1)=3.15
— 32K M, = 32(3.15)(270926)

nd’ 7(41.275)°
S, 211(1000)
gﬂ

Oq4

= 123427 kPa

nf:

= 123a7 - L

s
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Quickly check if point M might be critical. | Only bending is present, and fhe moment ic amall, but the
diameter is amall and the stress concentration is high for a sharp fillet required for a bearing. From the
moment diagram, M, = 108347.82 N - mm, and M, = T, = T, = 0.

Ectimate| K, = 2.7 from Table 7-1, d| = 25.4 mm, and fillet radius r to fit a typical bearing.

r/d =002, r = 002(25.4) = 0.5080
g = 0.7 (Figure 6-26)

K;=1+ (07)(27 1) =2.19
32K,:M,  32(2.19)(108347.82)
P 2(254)
S, 211.91(1000)

= = 1.44
6, 147490.23

= 147490.23 kPa

Hf
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This location ic more critical than perhaps anticipated. The estimate for streso concentration io It’kelg
on the ht’ﬂh side, %0 we will choose to continue and recheck after a specific bearing is selected.
With the diameters specified for the critical locations, fill in trial values for the rest of the diam-

efers, taking into account typical shoulder heights for bearing and gear support”” o ‘ ’
Dy=D;=254mm ——> g/:"/'//""’"‘/ ¥
D2=D6=3556mm ‘/‘,J p/jf/"

D3 = D5 m
D, = 50.8 mm

The bending moments are wmuch less on the left end of the shaft, co D, D,. and D5 could be
gmaller. However, unless weight is an issue, there is little advantage to requiring more material

removal. Aleo, the extra r:giddg may be;eds'd fo keep deflections amall.

%\:\.2
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Table 7-2 Typical Maximum Ranges for Slopes and

Transverse Deflections

Slopes

Tapered roller

0.0005-0.0012 rad

Cylindrical roller

0.0008-0.0012 rad

Deep-groove ball

0.001-0.003 rad

Spherical ball

0.026-0.052 rad

Self-align ball

&)

_-,\'/aéu

Uncrowned spur gear

Transverse Deflections

Spur gears with P < 10 teeth/cm

Spur gears with 11 < P < 19

Spur gears with 20 < P < 50

2
0.026-0.052 rad W
<0.0005 rad %
« 7
?/“’f”d’ RO
0.25 mm = - ‘
0.125 mm d/w o
0.075 mm . s )A;/, f
P 'I e 7 /
,/\v) ‘})/ d/ -
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This example problem is part of a larger case study. See Chapter 18 for the full confext.
In Example 7-2, a preliminary shaft geometry was obtained on the basic of design for stress. The
resulting shaft is shown in Figure 7-10, with proposed diameters of
D, =D; =254 mm
D, = Dg = 35.56 mm
D; =Ds=41.275 mm
D, = 50.8 mm

Check that the deflections and slopes at the gears and bearings are acceptable. If necessary, propose
changes in the geometry to resolve any problems.

s
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Solution

A simple planar beam analysic program will be used. By modeling the shaft twice, with loads in two
orthogonal planes, and combining the results, the shaft deflections can readily be obtained. For both
planes, the material is celected (steel with E = 207 GPa), the chaft lengtho and diameters are
entered, and the bearing locations are specified. Local detailo like grooves and keyways are ignored,
a¢ they will have insignificant effect on the deflections. Then the tangential gear forces are entered in
the horizontal xz plane model, and the radial gear forces are entered in the vertical xy plane model.
The coftware can-calculate the bearing reaction-forces, and numerically-integrate to-generate plots for
shear, moment, slope, and deflection, as shown in Figure 7-11.

-~ ' > e, ?
C/J(*'v"/( ' Mf‘ros‘\"\‘ /::'/ y
j)—J/-f’/V)(_/v"'u//L C/J)" C/"lef‘ c/") /L’
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Beam length: 292.1 mm

N Al

\/

Deflection

Slope

Moment

Shear

mim

deg

N.mm

xz plane

] | I  —

Beam length: 292.1 mm

\/’

Deflection

—

S~

Slope

Moment

—

Shear

M. mm

Source: Beam 2D Stress Analysis, Orand Systems, Inc.
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Table 73 Slope and Deflection Values at Key Locations

Point of Interest xz Plane xy Plane Total
Left bearing slope 0.02263 deg 0.01770 deg 0.02872 deg
0.000501 rad
Right bearing slope 0.05711 deg 0.02399 deg 0.06274 deg
0.001095 rad
Left gear slope 0.02067 deg 0.01162 deg 0.02371 deg
0.000414 rad
Right gear slope 0.02155 deg 0.01149 deg 0.02442 deg
0.000426 rad
Left gear deflection 0.0007568 in 0.0005153 in 0.0009155 in
Right gear deflection 0.0015870 in 0.00075335 in 0.0017567 in

The deflections and dopes at points of interest are obtained from the plote, and combined with

orthogonal vector addition, that i, 6 = V os, + 5_3},. Results are shown in Table 7-3.

s
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The deflections and dopes at points of interest are obtained from the plots, and combined with
orthogonal vector addition, that is, 5 = V 01, + 84 Results are shown in Table 7-3.

Whether these values are acceptable will depend on the specific bearings and gears iselected, as
well as the level of performance expected. According to the guidelines in Table 7-2, all of| the bearing
slopes are well below typical limits for ball bearinge. The right bearing <lope is within the typical range
for cylindrical bearings. Since the load on the right bearing io relatively  high, a cylindrical bearing
might be used. This constraint should be checked against the specific bearing specifications once the
bearing i selected.

The gear dopes and deflections more than <aticly the limits recommended in Table 7-2. 1t i

should warrant another deflection check.
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Once deflections at various points have been determined, if any value is larger
than the allowable deflection at that point, a larger shaft diameter is warranted. Since
I is proportional to d”, a new diameter can be found from

1/4
(7-17)

where y,,; is the allowable deflection at that station and n, is the design factor.
Similarly, if any slope is larger than the allowable slope @, a new diameter can be

found from
1/4

Hd(d}i’/ dx )nld
(slope)

dnew = dgld {?—18]
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Exr. F-4

For the shaft in Example 7-3, it was noted that the slope at the right bearing is near the limit for a cylindrical
roller bearing. Determine an appropriate increase in diameters to bring this slope down to 0.0005 rad.

Solution
Applying Equation (7-17) to the deflection at the right bearing gives
ngslopeyq |/ (1)(0.001095) |'/*
Aew =doy|[————| =254 = 309
1 slopey (0.0005) .

Multiplying all diameters by the ratio

dpew 309

= = 1.216
dyg 254

gives a new set of diameters,
D, = D, =30.9 mm
D, = Dg = 43.26 mm
Dy = Ds; =50.21 mm
Ds=61.8 mm

Repeating the beam deflection analysis of Example 7-3 with these new diameters produces a slope at the right
bearing of 0.0127 mm, with all other deflections less than their previous values.
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Figure 7-16 ==
(a)} Square key: (b) round key: //‘

(¢ and ) round pins; (e) taper +
pin; {f) split tubular spring pin. \
The pins in parts {¢) and (f) are

shown longer than necessary, to

illustrate the chamier on the () () ()

ends, but their lengths should be
kept smaller than the hub

diameters to prevent injuries due [T, 1l [
to projections on rotating parts. f"“\

(| i

\__..--" J |

) e i(f)
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Table 7-6 Millimeter Dimensions for Some Standard Square- and
Rectangular-Key Applications

/
) .
Shaft Diameter I[ny Size //N O/'J Lo ‘/,/J(

To (Incl.) i
8 11 2 2 | JA,{&'/‘(’()")”/ (>
11 14 3 2 | - .
3 3 1.5 7
14 22 5 3 1.5
5 5 2
2 30 (o 5 2 J{j‘/’ 1 \ 1\"
E-"‘% 3 e
30 36 % 6 3 '
8 8 5 W
36 44 10 8 3
10 10 5
44 58 12 10 5
12 12 h
58 70 16 12 5.5
16 16 8
0 80 20 12 Ei
20 20 10
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-|- EXAMPLE 7-6

A TUNS G10350 steel shaft, heat-treated to a minimum yield strength of 517.125 MPa, has a diameter of 36.513 mm.
The shaft rotates at 600 rev/min and transmits 30 kW through a gear. Select an appropriate key for the gear,
with a design factor of 1.5.

Solution

From Table 7-6, a 9.525 mm square key is selected. Choose a cold-drawn low-carbon mild steel which is
gsenerally available for key stock, such as UNS G10180, with a yield strength of 372 MPa.

SIS e Gty W

\ VAR et oo W)
Figure 7-19 \’\ = “rk/\-) > w (Y"J/S)
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Upper deviation, 8, —=| <— Max. size, d__ —

Lower deviation, 8, —=

International tolerance

el 2lybipiin Juad Nl o4

<— Min. size, d;, —

grade, Ad (IT number)

Fundamental deviation, —=

dy (letter)

Lower deviation, §, —»| =—

Upper deviation, 6, —|

A

~—— Basic size, D(d) ——

International tolerance
grade, AD (IT number)

| (= Fundamental deviation,

o (letter)

~<—— Min. size, D . —

~—— Max. size. D, ——
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Basic size is the size to which limits or deviations are assigned and is the same for
both members of the fit.

Deviation is the algebraic difference between a size and the corresponding basic size.

Upper deviation is the algebraic difference between the maximum limit and the
corresponding basic size.

Lower deviation is the algebraic difference between the minimum limit and the
corresponding basic size.

Fundamental deviation is either the upper or the lower deviation, depending on
which is closer to the basic size.

Tolerance is the difference between the maximum and minimum size limits of a part.

International tolerance grade numbers (IT) designate groups of tolerances such
that the tolerances for a particular IT number have the same relative level of accu-
racy but vary depending on the basic size.

Hole basis represents a system of fits corresponding to a basic hole size. The
fundamental deviation is H.

Shaft basis represents a system of fits corresponding to a basic shaft size. The
fundamental deviation is h. The shaft-basis system is not included here.

s
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Table 7-9 Descriptions of Preferred Fits Using the Basic Hole System

Type of Fit Description Symbol
Clearance Loose running fit: for wide commercial tolerances H1l/cll
or allowances on external members
Free running fit: not for use where accuracy is H9/d9
essential, but good for large temperature variations,
high running speeds, or heavy journal pressures
Close running fir: for running on accurate machines H8 /7
and for accurate location at moderate speeds and
journal pressures
Sliding fit: where parts are not intended to run freely, H7/g6
but must move and turn freely and locate accurately
Locational clearance fit: provides snug fit for location H7/h6
of stationary parts, but can be freely assembled and
disassembled
Transition Locational transition fir: for accurate location, a H7/k6
compromise between clearance and interference
Locational transition fit: for more accurate location H7 /n6
where greater interference is permissible
Interference Locational interference fit: for parts requiring rigidity H7/pb
and alignment with prime accuracy of location but
without special bore pressure requirements
Medium drive fit: for ordinary steel parts or shrink fits H7/s6
on light sections, the tightest fit usable with cast iron
Force fit: suitable for parts that can be highly stressed H7 /ub

or for shrink fits where the heavy pressing forces
required are impractical

s

Hele
ﬁ§/jé

177 74

AL

Al )2
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The fundamental deviations for shafts are given in Tables A—11 and A-13. For
letter codes ¢, d, f, g, and h,

L = b

Upper deviation = fundamental deviation
Lower deviation = upper deviation — tolerance grade

For letter codes k, n, p, s, and u, the deviations for shafts are

Lower deviation = fundamental deviation
Upper deviation = lower deviation + tolerance grade

The lower deviation H (for holes) is zero. For these, the upper deviation equals the
tolerance grade.
As shown in Figure 7-20, we use the following notation:

D = basic size of hole
d = basic size of shaft
o, = upper deviation
&; = lower deviation
Oy = fundamental deviation
AD = tolerance grade for hole

Ad = tolerance grade for shaft

s
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Note that these quantities are all deterministic. Thus, for the hole,
Dyw=D+ AD Dyin=D (7-36)
For shafts with clearance fits c, d, f, g, and h,
dpw = d + Op dpin =d + 0 — Ad (7-37)
For shafts with interference fits k, n, p, s, and u,

d i, =d+ of dow = d + 6 + Ad (7—38)

d:>wn-»" D ’ OWL :D*DD
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Table A—=11 A Selection of International Tolerance Grades—Metric Series

(Size Ranges Are for Over the Lower Limit and Including the Upper Limit. All Values Are
in Millimeters)

Basic Tolerance Grades

Sizes ITe IT7 IT8 ITS IT10 IT1
0-3 0.006 0.010 0.014 0.025 0.040 0.060
3-6 0.008 0.012 0.018 0.030 0.045 0.075
6-10 0.009 0.015 0.022 0.036 0.058 0.090
10-18 0.011 0.018 0.027 0.043 0.070 0.110
15-30 0.013 0.021 0.033 0.052 0.084 0.130
30-50 0.016 0.025 0.039 0.062 0.100 0.160
50-80 0.019 0.030 0.046 0.074 0.120 0.190
80-120 0.022 0.035 0.054 0.087 0.140 0.220
120-180 0.025 0.040 0.063 0.100 0.160 0.250
180-250 0.029 0.046 0.072 0.115 0.185 0.290
250-315 0.032 0.052 0.081 0.130 0.210 0.320
315400 0.036 0.057 0.089 0.140 0.230 0.360

Source: Preferred Metric Limits and Fits, ANSI B4.2-1978. See also BSI 4500.

ITe B 1T\
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Table A-12

Fundamental Deviations for Shafts—Metric Series

(Size Ranges Are for Over the Lower Limit and Including the Upper Limit. All Values Are in Millimeters)

Upper-Deviation Letter

Lower-Deviation Letter

&)

(/aJ’IIJ

Basic
Sizes c d f g h k n ] s u
0-3 —0.060 —0.020 —0.006 —0.002 0 0 +0.004 +0.006 +0.014 +0.018
3-6 —0.070 —0.030 —0.010 —0.004 0 +0.001 +0.008 +0.012 +0.019 +0.023
6-10 —0.080 —0.040 —0.013 —0.005 0 +0.001 +0.010 +0.015 +0.023 +0.028
10-14 —0.095 —0.050 —-0.016 —0.006 0 +0.001 +0.012 +0.018 +0.028 +0.033
14-18 —0.095 —0.050 —0.016 —0.006 0 +0.001 +0.012 +0.018 +0.028 +0.033
18-24 —0.110 —0.065 —0.020 —0.007 0 +0.002 +0.015 +0.022 +0.035 +0.041
2430 —0.110 —0.065 —0.020 —0.007 0 +0.002 +0.015 +0.022 +0.035 +0.048
3040 —0.120 —0.080 —0.025 —0.009 0 +0.002 +0.017 +0.026 +0.043 +0.060
40-50 —0.130 —0.080 —0.025 —0.009 0 +0.002 +0.017 +0.026 +0.043 +0.070
50-65 —0.140 —0.100 —0.030 —0.010 0 +0.002 +0.020 +0.032 +0.053 +0.087
65-80 —0.150 —0.100 —0.030 —0.010 0 +0.002 +0.020 +0.032 +0.059 +0.102
80—-100 —0.170 —0.120 —0.036 —-0.012 0 +0.003 +0.023 +0.037 +0.071 +0.124
100-120 —0.180 —0.120 —0.036 —-0.012 0 +0.003 +0.023 +0.037 +0.079 +0.144
120140 —0.200 —0.145 —0.043 —-0.014 0 +0.003 +0.027 +0.043 +0.092 +0.170
140-160 —0.210 —0.145 —0.043 —-0.014 0 +0.003 +0.027 +0.043 +0.100 +0.190
160-180 —0.230 —0.145 —0.043 —-0.014 0 +0.003 +0.027 +0.043 +0.108 +0.210
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]- EXAMPLE 7-7

Find the shaft and hole dimensions for a loose running fit with a 34-mm basic size.

Solution
From Table 7-9, the ISO symbol is 34H11 /c11. From Table A—11, we find that tolerance grade IT11 is 0.160 mm.
The symbol 34H11/c11 therefore says that AD = Ad = 0.160 mm. Using Equation (7-36) for the hole, we get

Answer D, =D+ AD =34 + 0.160 = 34.160 mm
Answer D_ ;. = D = 34.000 mm

The shaft is designated as a 34c11 shaft. From Table A—12, the fundamental deviation is &y = —0.120 mm.
Using Equation (7-37), we get for the shaft dimensions

Answer do = d + 8= 34 + (—0.120) = 33.880 mm
Answer d. =d+d— Ad=34 + (—0.120) — 0.160 = 33.720 mm
~ — b — Q. lé
3 RN/l , TTUS bd=50
) s
(- éu = 34 i /u

W\~ %g=° 7 C—"?%E’—oo\l
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]- EXAMPLE 7-8

Find the hole and shaft limits for a medium drive fit using a basic hole size of 50 mm.

Solution
The symbol for the fit, from Table 7-9, in inch units is (50 mm)H7/s6. For the hole, we use Table A-11 and
find the IT7 grade to be AD = 0.03 mm. Thus, from Equation (7-36),

Answer Dyx=D + AD = 50 4 0.03 = 50.03 mm
Answer Doin = D = 50 mm

The IT6 tolerance for the shaft is Ad = 0.019 mm. Also, from Table A—12, the fundamental deviation is
dr = —0.13 mm. Using Equation (7-38), we get for the shaft that

Answer din = d + 6 = 50 4+ (—0.13) = 49.87 mm
Answer Ay =d + 6+ Ad =350 + (—0.13) + 0.019 = 49.889 mm
—o L

N.5."2  ds5e

6- 000 ~0 \3




REDCINCUBEE Chd (Hbipian Jad il (2hb @

_v,(/a;u

r-») /o —Ao

£ L ,?: \ . 144 KV‘(//();/; ()LJ
—T"'J (A Lj‘} | F50 7 sip0 o

B1-331 S

VIO ]

2

\

TSN SN
b

; 4 d“/(’qo "/

TVPIITS Y




O g5 (ol 35S

—
L

el 2lybipiin Juad Nl o4

R st = 7
s e
BN 2D | os | 77
o | d, O
I @ G\%}Eo
el L [F




RETC I
> bipian Juad 32l (,b

""Q’A A-
= ely =
2 o - Zam”‘( y W, = Sg
)= 3:: ” m

P77
..T\\ dy=dy =321 7™
34 ) Wy = Ws 22l

. 274
_ =~ 4.5 \,'ﬁ,io;/(/’()’ﬂw

\ v -~

4(‘6 E—)ﬁ” g o

71
o), = |35 -
\ aiPm,qu: I‘?q/&; =’>¢£?-57 rgm VV&}/



(1355 (ol 353 s > i Juad 2l b @

e e

s 2 | | O i

NE
N

—rﬂ\———\——-ﬂ—?.g_ 1—=t=—F—101.6 —Fi—jﬂ_ﬁ—k——\——Ld—
ol 25.4 '19.05

19.05' 254
A )”
W, = \11. - uj ()ly&u P A 4



95 ol 55 iy oyt Juad « (351 ooy @

gy At S

l/\«x—)k@ ":‘- //A/W()*’“du’d/’wﬂ/ﬂ

S U e ,AJJ/’(/’

TURE L S
o

1 ] 1;5w /e pe ) "”U/“””/”

/\,\ - ~
| c ‘\,__, ‘)’o/(J*’//’M“«)L’”)L"}’ o
LJ"V(J/ - c"/ N C—"//(j""/

\§ W *"(J’”O";\w/



555 el 5 T e @
’ | i ) i A'Jﬂ ¢
e pS e I e (P

k_\- ;—_\gk\/\/ ’ ‘—\o ~ 1 K w

A.J/C‘/M‘—Cil/f/,,,/./ LSKW,;L,'JN},;/);/
'«-,//» S S e el

- el M, e

y

//J)J(/J Sl \: <H /J,&M(f/)"’// Col
JJ}/C/“/‘//',LCJ'M



(95 el iS5 s o i Juad 12l (> @

nx\ '
W,z (7501 pm 2 W= zo’f‘” - 1832 Teul/s

1> S i\Lko\}\\oﬁ _ §|-> AN.m
7| |
o ¢ Mi=
| _j s
O Gear 2 O | b
77/} Byavavs
"'l"’(ka»“‘——-—-“L_




(95 el iS5 s o i Juad 12l (> @

w, =384 S D, = U\ 3%%"3‘ . faa(/;

6

Tfﬁ: z .\L\o\oojg ’3(6 N
1w, Qo+
% I T I ,I//I/7/|/7/ Gear 5 7/7
I@j et | T :
aak .
o 4’| INEE \' i
3 36E A, P ;}fy C./) V,lv'




459 S el 2lybipiin Juad Nl o4
REDCINCUBEE

A rp m |
U_jgcc&(‘.»

i : [
e I
oy

, | 7
00 _ ((55w.,, A o /4
i W3 R

R3 (4497 )
c\655 1 Wy = e
CT #3467 65501 ™ )
c 3\37‘,., _\4%
rr )

=T,
Tw,=Tsz'T3 2
45 = -ys t
RS
L

—

T
V3 “a




ret95es el 35 s > briin b 132l (1

‘//\/ ‘ T W
d 3
Wi fwe —
W3 W
J b/ 7( "y




g5 (ol S8

W, T

WYS = 1 JZO _—2260)((]20 = QLN

Wy = Wey tylo = [0(€ Kyl o= 3Fo0 N



a\je\ﬁgajdaw Ol g gy Jalad

Lo
= F]
i
i
i
i

@;. T; = 27116.36 N-mm|
é; I

A .

|

|

:
i
Hp

e

o0

(a) Gear reducer

Dr. Nikoobin, Semnan
University

107



Pinion

{ / / / (driver)

o)

Gears—G

Dedendum circle

Figure 13-8 .
Efrﬂe C'.m]e Tooth action.
Pitch circle

= Addendum circle
0,

I Angle of Angle of | :
ﬁ , approach recess ;’j ,ff /J' ‘:
S/
\ < /’f / / ‘i_(_ -
. . - - 4
Pressure line ‘\ § — — / Vs

fﬂh‘____._ F {_:{'“ =

—— . .

/”#, e ““m .
~ ,.e"ff H \"\-
e . N N
/ Z -i:—_+l+—h~l|' "‘\
/ / Angle of /}( 7\ Angle of \\ \
y / / approach / recess X \ ? - 2 0
VA J_,’f \ I." Addendum circle W N *
f / / IIII Pitch circle \ \ Z l
/ / ! Gear \ | Base circle HH \ \
(driven) Illll Dedendum circle : I‘l. 5
|
0,

L-. RN IS A ST RN T

University

o

108



a0 al Rl g Jalas

109




a0 al Rl g Jalas

Dr. Nikoobin, Semnan
University



a0 al Rl g Jalas Ol g gy Jalad

T,

fro 2 = W

a T i T
' ( At

N S .
{ G ear VQ’![IO
«— -
T'z \7.: .

Dr. Nikoobin, Semnan
University

111



95 ol S0
bl (2lybian fad il ok




s § 5l oo
g5 ool ;S8 > lbipias Jad 2l o1k @

/ 5 u://‘-"_/:’/j .)/:}‘/fd/‘ﬂ/‘ L =2 . J_‘,/W(;.W

4;,,:9,\1‘/‘;))//0’/7 557/’"[0’/‘ 307 Q.,v;_/:,-u /’ (JJ/
/QA) d ’Wé

/\/b(f"}y/d/jwf"b//p‘ Lf'

gl >
\"’,j/) vay/,& uv*’)d-’l)/ L/J,Ja = - d/

J) ”j . Lydlow v,:r
///J/J/WJ// e /\/ s

‘/
lf)af - g_,—.«/l -1—9/1//



FCTTS T [P B U2 @
(S (ol 355 . - >
s Syl Ckag oY) Gp—>— cMC//A';Z
A . , . Y] S . =47, /WP“
JJr e Sy 22 TompL oVl L"/"C/”f" o d .
."J 7 - . . - /
" e bl S A 5 A mm s o lns Dy S
. S 7 o
- ),f///!,/ > ‘F'lo° b o Lo lipree®
- N -
A

2. JG'{ ..1.5, \d(’{ -2, OEL =2
e, d & Il



el 2lybipiin Juad Nl o4 @

4 ~ _ I)/
1 C/J/()’V(}’//b—)



(95 el iS5 s o i Juad 12l (> @

"'/le/ J,
SIS 2 -

s

2 Bl G B2 -
W f ) d sw

(kwr) Hkw

' Ve
L)’,v://u)
Tz oo o =q1-7
%65

T= Jooo -29.7
> 2s.5




9 mal 55 il i Jad 32 o> @

G 0&4 AN ey =
1 ____=1-5_>wz

YR | “a
3 ‘ - a[_ ng‘l 1%:—‘3 50-3’“"/‘5

m) Tz.: 'SQOO = S-Gl'é N.on
‘T'zkp. S0 -3




9 mal 55 il i Jad 32 o> @

o
G Ap g o= 150 3730
—IX r X de 3
n(kw) T
O Dt s
| > W 372




O g5 (ol 35S

T e
—X_ )

n \\ﬂw T

T(~-m)
s}

el 2lybipiin Juad Nl o4

> w o= M
L= >
K _ 3000
o 313C



g5 el iS50

A b
. a “P‘f
il ol ybipian Lad




i o boigian Juad o I32] o ,b
KT SR B

76 s
7

g = Teles

Q -— .
F -

- -3
t'GS Cﬂég (OO Xlo
o ~
l:rC.l,‘ = E{cgg J

= Ce— = T
" A, ooyl

z loomm
- 300 :) JGS -
d. .+, =150 5 3des



g5 ol 555 m‘_.,;lla/;;»d.al @l,b // P
G NU’"’O" &-(JA’L)I C_\;J/vb,jz/;Gq—'G r-/(jw

— s U;,w oS s 25 63 ~

l ila ), Ilo 45[;’—4

{—

156

s



9 mal 55 il i Jad 32 o> @

N By  H92 8.1 o o/

B39 B
Pzt }‘;6:1 Gs Tffs T Gy fﬁw
R 4 2 X X
S A IS N S s 7

\ B
2205 ‘ 919 1954 67,5 14\1_‘ 3z {325 1172 “z

744

72 G ¢ }L Téj

.92




9 mal 55 il i Jad 32 o> @

e (L"LU \ o z o { to.,(
N  Bs 492 82 24 o,

ZFJ-_—.O = B,D -PB'L:] 22209 - 4BL +6F 5 FiH =o
M :?_'207)( °od -

B\z
= 51«3:\\1,/\/

B = 169% N

4g1x\1o + 6751 1Hs +’§1:]x’5~£o—¥‘)qx‘r6°=°

ZFD"-.D b



o35 el i3 s o orian Jad 1321 1 b

Lo (\."Lu \ 1o z o { t”(

” " Bs H92 821 y &y C‘M

Fh=0> 0B 41315-\854 4B,,°°

ZMB\:): _1315x\Lo 4 \354x140 .-Bz_f'ﬁéo =9

_-_—_> B’LZ: FA4 N

£, o0 B, = ~165



ret95es el 35 s > briin b 132l (1

Lo (L"Lu \ 1o 2 o { lo::(

N 2633 492 "y (+5rC2) oS
L B f (,31 G T Pz " '
A— a . ')(’r Z

~
&~ 1
—y 1-
L

f'z, B\ (J; G; B2
A : ' ; —V )
o 211 162 w16l A4 o (WMo

/

12 xo\2 - FA 0o 2L




ret95es el 35 s > briin b 132l (1

Lo ‘H_U\ Lo ; o ‘ lo::(




el 2lybipiin Juad Nl o4

Aot
rz B, (Jg Gg B2 '.)
— : ' ; —V— '
o 211 162 1L A4 e (Mo
f*y ™ :
fz, B, (J; G; B2 )
: — = — '
0 s 3L 45 9
My 1
r'L B\ 03 (75' Bz '.)3

; — )
193 44 © (M-

o (N-m}



ret95es el 35 s > briin b 132l (1

r'z, B\ (J; [7; Bz




Tm:\'B'L'g
o %

T :\S?_'S

M ;’L?—\

— _\3L'

Mm,le9

"r - qu'j-

WA\

Mm, = \8%

el 2lybipiin Juad Nl o4



9 mal 55 il i Jad 32 o> @

: oo
s b il te

&P

/\I\ 7’)_?—\

o

§TM=\32-5

Cioew2 5 k=27 K =21< %1 g
d

<p = e 7(ky-1) = 14 o3 x T -1-3

: 2 =14
kf5= l-\- q_s(k-(_\s—l) - \-\"’5’2&'2 5
075<F <P 5

ﬁd/ 51«-\:’:{%0/\417« 20'1% <$5<5A



REDC IS il (Hlibipiin Juad 2] 2k @

~0.219

K - wsl =34 (KH) o35 Ny

d/k))‘.:o%) ",

Se = Ka kb(a 53{)‘0?‘5&05’4«:5‘(4‘,_92

————

=M, 50
[ CA

16n E(K .'"lffﬂ] [3{K5Tm]3]|ff2 1/3
“’r:{:r( Lot )} /3= 3

l
7
3
O( _ Ién [ngf Mg N | .13 I<;ST1 ] }
= —” ~ S )

St




9 mal 55 il i Jad 32 o> @

v

3
o( _ { L'_t_ [{kf/"‘q . |73 k¢5T1 } }
a 5-& Sw-{— )/
A MMM 3
_ 4 4
J \6x3> | 2x 13 x2Uese |.’-L”5xl-°\5x('525oo]}
AR —— ~ 4
* 3.04 L VAL §d o

C}g\:be mrA



9 mal 55 il i Jad 32 o> @

T.=21
¢ - - "?Mm
"1 omoc R )-’b"((&z 3
Kf_,.z-%, Ke =12

—

,\ 247
.%"Zo'i " k{s('—‘]', k"?B:\E & q’ (j

7,:0’76 — k2= \-l'?- (Kk-\):\-bO-XS’(O:l: (6

Kf :\*1—5('&*5_\) = \x 0-3—-¥-xg-g7 | -

(s ”JC ,‘; I 1 ')—)?/,ﬁk_;’&‘l.’ s

S



g5 el iS50 Chd (Hbipian Jad il (2hb

=\
N =1 &g Kes =14 M(\,,)Jwﬂ Lo/.t’O’)

T =155 Vi v i S 2 Jde o5
¢ % 7 >o!(>l =14 mm
z M, =0
1 C\S'L'S -~ 6 m
. Cn = JGS" 36-£ mwm
39 m_ <l65
- ald et
irw\ ___:> ol(ysa 3 5
Gy | m.> \$*
fg g \m-:%”\':‘- N ij?) _ 13 mm
M, =0



el 2lybipiin Juad Nl o4

4 \ 1 l
| l =
4| { e i
_,j :-h::‘:u— l N |lec L{S X\ : SLf
‘.: I ::H:-:-..lj' | =1 f:
= B> 45 _ = 3+5
T A1
élr l
| 3 =309

V/J::d'-o'l_ L 0-0L x36=0-7 A\ x-2= 19



O g5 (ol 35S

Table 11-2 Dimensions and Load Ratings for Single-Row 02-

Angular-Contact Ball Bearings

N stoucer |

il ol ybigiin Jad 1yl b

Diameter, mm

(/a;’l!

Bore, oD, Width, Radius,

mm mm mm mm dg dy
10 30 9 0.6 12.5 27
12 32 10 0.6 14.5 28
15 35 11 0.6 17.5 31
17 40 12 0.6 19.5 34
20 47 14 1.0 25 41
25 52 15 1.0 30 47
30 62 16 1.0 35 55
35 72 17 1.0 41 65
40 80 18 1.0 46 72
45 85 19 1.0 52 77
50 90 20 1.0 56 82
35 100 21 1.5 63 90
60 110 22 1.5 70 99
63 120 23 1.5 74 109
70 125 24 1.5 79 114
75 130 25 1.5 86 119
80 140 26 2.0 93 127
85 150 28 2.0 99 136
90 160 30 2.0 104 146
95 170 32 2.0 110 156

b

Figure 11-8
Shaft and housing shoulder

diameters d and dy should
be adequate to ensure good
bearing support.
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