Q2(13p).A gear-reduction unit uses the countershaft depicted in the figure. Find the
two bearing reactions.The bearings are to be angular-contact ball bearings, having
a desired life of 50 kh when used at 400 rev/min. Use 1.2 for the application factor
and a reliability goal for the bearing pair of 0.98.

a-Select the bearings from Table 11-2.

‘ S ’ i
R=+098=099 M /
10 et
180 Ibf
| 5, =
T=10(180co0s40)=-1378.9Ibf.in ol
T1+T2=0
F=1378.9/5c0525=304.28 Ibf

20 dia
XM =-12(180sin40 )-26(304.28 sin25 )+36R. =0 10 di
RY =131.4
25=0
RY -180sin40-Fsin25+R Y=
R,=112.86

XM} =12(180c0s40 ) -26(Fcos25 )—36R. =0



_I_.L..I_ ——

p— .I.-_.._ ey
XX X
e _I._.-..._




R.2=-153.2
R 2=Fcos25-180c0s40-153.2= 15.136
R0=15.12 +112.862=114
Rc=153.22+131.42=201.8

50000(400)( 60
X = % 2 = 505 I 1200
10
| fa
- -rD : L
= L—.:. + (6 — xo)(In I;Rﬂtﬂ-’f?] Len

1200 1/3
439 (1-0.99)1/1.483

Cio=(1.2)(201.8) [ r——

1200 =
0.02+4.439 (0.0448)

Cio= 242.16




1/3

Cio= 242.16 [5484.46:

C10=18.9 kN

Fillet Shoulder Load Ratings, kN
Radius, Diameter, mm Deep Groove Angular Contact
Co c
10 30 9 0.6 12.5 20 5.07 2.24 4.94 212
12 32 10 0.6 14.5 28 6.89 3.10 7.02 3.05
15 35 11 0.6 17.5 31 7.80 3.55 8.06 3.65
17 40 12 0.6 19.5 34 .56 4.50 2.95 4.75
20 47 14 1.0 25 41 12.7 6.20 13.3 6.55
25 52 15 1.0 30 47 14.0 6.95 14.8 7.65
30 62 16 1.0 35 25 19.5 10.0 20.3 11.0
B35 72 17 1.0 41 &5 25.5 13.7 27.0 15.0
40 80 18 1.0 46 72 30.7 16.6 319 18.6
45 85 19 1.0 52 77 33.2 18.46 35.8 21.2
50 90 20 1.0 56 82 351 19.6 37.7 22.8
35 100 21 1.5 63 20 43.6 250 46.2 28.5
&0 110 22 1.5 70 b4 47.5 28.0 55.9 35.5
65 120 23 1.5 74 109 Ry 34.0 63.7 41.5
70 125 24 1.5 79 114 61.8 37.5 68.9 45.5
75 130 25 1.5 Bé 119 66.3 40.5 71.5 490
80 140 26 20 93 127 70.2 45.0 80.4 55.0



11-6 Combined Radial and Thrust Loading

**Bearings are usually operated with some combination of radial and thrust load.

s+ Catalog ratings are based only on radial loads. Follow the guideline in catalogs to
obtain the equivalent radial load.

v'In order to choose the bearing, an equivalent radial load Fe must be found

F
F a 5




How to handle combined loading

 What about combined radial, Fr, and axial loading , Fa?

— Use an equivalent load, Fe, that does the same amount of
damage.

b,=X:V F.+Y F,

* Where V = 1.2 for outer ring rotation and 1 for inner ring

— This has to do with the fact that outer ring fails more often
* X.andY, are a function of the

— Axial load, Fa

— Static load rating, Co



C, =Mn,d, .....(ball _bearings)
C,=Mnld.... (roller bearings)

where

C, =bearing _static _load _rating (Ibf ,kN)
n, =no._of balls

n.=no._of rollers

d, = diameter _of Dballs (in.,nmm)

d =diameter of rolers (in.,mm)

[ =length of contact line (in..nmm)

M is specified asgiven in this table.

M in and |bf mm and kN
Radial ball 1.78(10)° 5.11(10)°
Ball thrust 7.10(10)° 20.4(10f°
Radial roller 3.13(10)° 8.99(10)°

Roller thrust 14 .2(10)° 40.7(10)



A ball bearing is capable of resisting radial loading and a thrust loading. These can be

combined.
e Fa = the axial thrust load.
e Fr = the radial load.

e Fe = equivalent radial load that does the same damage as the combined radial and

thrust loads together.

e The abscissa e is defined by the intersection of the two lines.

FF Fe.
€ — 1’ a g e l"rl',

VE — VF,

FB:XJrY r, =3 F, > e,

VE VE VE

¥ r r

F.=XVF +YF

Where /=1 when F_/VF <e
=2 when F_/VF>e
V=1 when the inner ring rotates

V=1.2 when the outer ring rotates

X> the intercept of the line with vertical

(= o
'O_O_O_D_Q_LU_,FW
-
- |
-
e
_’J"
”d"
-

La"l.‘



0.014*
0.021
0.028
0.042
0.056
0.070
0.084
0.110
0.17
0.28
0.42
0.50

0.19
0.21
1 5
0.24
0.26
0.27
0.28
0.30
0.34
0.38
0.42
0.44

*Use 0.014 i F, /G < 0.014,

F./(VF) < e

OO0 000 0000 OO0

F./(VF,) > e



Ex:An SKF 6210 angular-contact ball bearing (a=3)has an axial
load Fa of 1.8 kN applied, a radial load Fr of 2.2 kN applied with

the outer ring stationary. The basic static load rating C,is 19.8kN
and the basic load rating C10is 35 kN.

Estimate the L, life at a speed of 720 r/min.

V=1 and Fa/Co0=1.8/19.8=0.09

Interpolate for e in Table 11-1; e= 0.285

since Fa/ (VFr)=1800/ [(1)2200]=0.818
Interpolate Y2 = we get Y2=1.527
Fe=X2VFr+Y2Fa=0.56(1)2.2+1.527(1.8)=3.96kN

C, s =F I

s N s N3
. 60):3;?3((10 . 10° [ 35 J G
Po6on, | F 60(720)\ 3.96

e




Bearing Specifications

Bearings are defined by a two digit number: dimension-series code

First number is the width series, 0,1,2,3,4,5 and 6

Dimension series

Diameter series
(outer diameter dimensions)

Width series
(width dimensions)

Height series
(height dimensions)

Radial bearings
(excluding tapered roller
bearings)

number |7, 8,9,0,1,2, 3, 4

dimensions| small «<—— large

8,0, 1, 2 3, 4 5, 6

Tapered roller bearings

number 8.4 1, 2, 3

small <— large

Thrust bearings

dimensions, small «—» Iarge

small = large

Second number is the diameter series

Dimension series for radial bearings



Bearing Specifications

Width
series

Diameter _
series

Dimension
series

100 Senes 200 Seres J00 Seres
Extra Light Light Medium



(Width series —

ABMA Boundary Dimensions

ok

F
4—
4 \ +
Diameter |3 ~p—- —
series 12
- ™) ™)
I_ e |
ﬂl‘" H
> =lea]en = ey o ol e e =] — el
Dimension —» o o o =1 b @ ) oy i ) S
: ensio SR SR REE y J
series A \\_’
Bore

33




11-7 Variable Loading

Equation (11-1) can be written as
FL = constant = K

If a load level of F1 /s selected and run to
the failure criterion, then the area under
the F1-L1 traceis numerically equal to K.
The same is true for a load level F2; that
Is, the area under the F2-L2 trace is
numerically equal to K

Fii'

0




load level F1, the area from [ =0to L =L , does damage measured by F L , = D.

» Piecewise constant loading in a cyclic pattern

The damage done by loads Fel, Fe2, and Fe3 is

D = F;l| + F i, + F3l;

The equivalent steady load Feqg when
run for /1 + /2 + /3 revolutions does the same
damage D.

)= F® {f] —|—1"g—|—1";}

€4

h+l+1h

al) + F&ly + F413 7" I/a
F.:q _ |: el®l g2 < e3"- ] — [Z f:F;] Bl | %

fi is the fraction of revolution run up under load Fei

Fei are equivalent steady radial loads for combined radial-thrust loads



Since /i can be expressedas ni ti, where ni is the rotational speed at load Fei and ti is the
duration of that speed, then it follows that

> mh ES H/a
3 nit;

The character of the individual loads can change, so an application factor (a, /) can
be prefixed to each Fejas (a;,; Fe; f ;

/a K
Fn] — I:Z }L’ {‘”,fﬂ!' Ft‘!' }H:l ch — F_‘

Fog =




* Contimuously variable loading in a repeatable cyclic pattern




Selection of ball and cylindrical roller bearing

This selection procedure contains an iterative
process:

-Choose Y2from Table 11-1

-Find C10

-Tentatively indentifya suitable bearing 11-2, note Co
-Using Fa/Coenter Table 11-1 to obataina new value
of Y2

-If the same bearing is obtain, stop

-If not, take next bearing and go to step 4.



Ex: The figure is a schematic drawing of a countershaft that supports two V- belt pulleys (they are hold in
place using keys)The countershaft runs at 1200r/min and the bearings are to have a life of 10 kh at a
combined reliability of 0.98. for the Weibull parameters are b=1.483, Xo= 0.2, 0=4.439+0.2. The application factor is to
be 1.2. The belt tension on the loose side of pulley A is 15 percent of the tension
on the tight side.

\ 45°
\ s

3

250 Dia. 300 Dia.

2700 N



3T =(2700-500)*150 —(7; —0.157,)*125 =0
T, =310 6N
T, =46 6N
. M5 =1.15x3106 x 300 xsin45 + RZ x850 =0
R.L=-891 N
> M7 = -(2700+500) *700 + (1.1571)x 300 x cos 45 + R> x 850 = 0
R* = 1744N

D F,=-891+1.15x 3106 xsin45+R; =0
R =—1634.7N

3 F, = (2700+500) —{1.157; Jcos 45+ R, + 1744.=0
R; =24183 N

I + . . =291897N

o

1
<

F.=-1744%+89 1> = 1958 4 N



with V=1

, 1200
2 = X 4 YF”—O.56+1.63

= =1.56
VAl Vel (1)1958.6

Fe = 1.56VE = 1.56(1)1958.6 = 3052.8N



393.2 } 2

CI{] = * .
1.2%3.052 [0.02 +4.439(1 — 0.99)1/1-483

1.2*%3.052(12.15)=44.52 kN



Table 11-2

Dimensions and Load Ratings for Single-Row 02-Series Deep-Groove and Angular-Contact Ball Bearings

Fillet Shoulder Load Ratings, kN
Width, Radius, Diameter, mm Deep Groove Angular Contact
mm mm ds dy Cio Co Cio Co
10 30 9 0.6 12.5 21 5.07 224 4,94 L2
12 32 10 0.6 14.5 28 6.89 3.10 7.02 3.05
15 35 11 0.6 17.5 31 71.80 3.55 8.06 3.65
17 40 12 0.6 19.5 34 0.56 4.50 0.95 4,75
20 47 14 1.0 25 41 12.7 6.20 13.3 6.55
25 52 15 1.0 30 47 14.0 6.95 14.8 1.65
30 62 1] 1.0 35 55 19.5 10.0 20.3 11.0
35 72 17 1.0 41 65 255 13.7 27.0 15.0
40 80 18 1.0 46 12 30.7 16.6 31.9 18.6
45 85 19 1.0 52 71 332 18.6 358 21.2
50 90 20 1.0 56 82 351 19.6 37.7 22.8
55 100 21 1.5 63 90 43.6 250 46.2 28.5
60 110 22 1.5 T0 99 475 28.0 55.9 35.5
65 120 23 1.5 74 109 559 34.0 63.7 41.5
70 125 24 1.5 79 114 61.8 315 68.9 45.5
75 130 25 1.5 Be 119 66.3 40.5 71.5 49.0
80 140 26 2.0 93 127 70.2 45.0 20.6 55.0
85 150 28 2.0 99 136 83.2 53.0 90.4 63.0
a0 160 30 2.0 104 146 05.6 62.0 106 T35

05 170 32 2.0 110 156 108 69.5 121 83.0




From Table 11-2, angular-contact bearing 02-55 mm has Cyp =46.2 kN. Cp is28.5kN.
Step 4 becomes, with F, in kN,

F, 1.2

T 785 =0.0421




which makes ¢ from Table 11-1 approximately 0.24.

0.014*
0.021]
0.028
0.042
0.056
0.070
0.084
0.110
0.17
0.28
0.42
0.56

0.19
0.21
0.22
0.24
0.26
0.27
0.28
0.30
0.34
0.38
0.42
0.44

F./(VF,) = e

O O O O O 0O OO 010 O O O

F./(VF,) > e
0.56 2.30
0.56 215
0.56 1.99
0.56 1.85
0.56 1./71
0.56 1.63
0.56 1.55
0.56 1.45
0.56 1.31
0.56 1.15
0.56 1.04
0.56 1.00

Fa/(VFr)=1200/(1*1958.4)=0.61



Y2=1.85

F, Y F 1200
— =X+——=0.56+1.85 =
VF, V F, (19586107

Fe=17IVF, =] 69(1)1958.6. = 3316.82

Co=1.2* 3.316(12.15)=48.35kN

Frm table 11-2 angular contact bearing
02-60 mm has C10=55.9 kN Co=35.5 kN

Fa/Co=1200/35500=0.034



F./(VF,) = e F./(VF) > e

Xy Y,
0.014* 0.19 1.00 0 0.56 2.30
0.021 0.21 1.00 ) 0.56 2. 15
0.028 0.22 1.00 0 0.56 1.99
0.034
0.042 0.24 .00 O 0.56 | .85

e=023 Y>—195
Fe=0.56*1*1958.6+1.93*1200=3412.82 N
Cl10=1.2%3.412*12.15=49.75kN

from table 11-2 an angular contact 02-60
mm 1s still selected



The ball bearing at C/nvolves a thrust component. This selection
procedure requires an iterative procedure. Assuming Fa/{V F,) > e,

1 Choose Y2 from Table 11-1.

2 Find C10.

3 Tentatively identify a suitable bearing from Table 11-2, note (0.
4 Using Fa/Co0 enter Table 11-1 to obtain a new value of V2.

5 Find C10.

6 If the same bearing is obtained, stop.

7 If not, take next bearing and go to step 4.

take the middle entry from Table 11-1:
X2=056Y2=163.



11-8 Selection of Ball and Cylindrical Roller Bearings

Ex- The second shaft on a parallel-shaft 25-hp foundry crane speed
reducer contains a helical gear with a pitch diameter of 8.08 in.
Helical gears transmit components of force in the tangential, radial,
and axial directions . The components of the gear force transmitted
to the second shaft are shown in the Figure below at point A.

The bearing reactions at Cand D, assuming simple-supports, are also
shown. A ballbearing is to be selected for location C to accept the
thrust, and a cylindrical roller bearing is to be utilized at location D.
The life goal of the speed reducer is 10 kh, with a reliability factor for
the assembly of all four bearings (both shafts) to equal or exceed

0.96 for the Weibull parameters are b=1.483, Xo= 0.2,

0=4.439+0.2. The application factor is to be 1.2.

(a) Select the roller bearing for location D.
(b) Select the ball bearing (angular contact) for location C, assuming
the inner ring rotates.



356.6







The torque transmitted is 7 =595(4.04) = 2404 [bf.in

The speed at the rated horse power,

63 025H 63 025(25
Hp = = (£9) = 635.4 rev/min
T 2404

-The radial load at D /s V106.6° + 297.52 = 316.0 /bf
-the radial load at Cis

V356.6% + 297.52 = 464.4 |bf
The individual bearing reliabilities, if equal, must be

2 bearing for each shaft so at least 4V 0.96 = 0.98985 .= +,414

The dimensionless design life for both bearings is

L 60Lpnp  60(10000)655.4

— — — : = 393.2
Lig 60Lgng 106

xp



a = 10/3 for the roller bearing at D, the catalog rating should be
equal to or Greater than

{_r F Xp 1/a
0 =dfrp .
| ! X0+ (@ — x0)(1 — Rp)1/®

393.2
0.02 + 4.439(1 — 0.99)1/1:483

3/10
= 1.2{316.0) [ ] = 3591 Ibf = 16.0 kN

Choose a 02-25 mm series, or a 03-25 mm series cylindrical roller bearing from Table
11-3.



02-Series 03-Series
Width, Load Rating, kN oD, Width, Load Rating, kN

Co mm mm Cio

30 62 16 22.4 12.0 /2 1< 36.9 20.0

35 7z |2 31.9 1At 80 2 44.6 2F ]
40 80 18 41.8 24.0 0 23 56 L
45 85 19 440 255 100 25 72 ] 454
50 Q0 20 457 275 110 i 88.0 52.0
55 100 21 56.1 34.0 120 29 102 67.2
60 110 27 64.4 43.1 130 31 123 76.5
65 120 23 6.5 51.2 140 33 138 85.0
70 125 24 7.2 51.2 150 35 151 102
75 130 25 3.1 63.2 160 3£ 183 125
80 140 26 106 69.4 170 39 120 25
85 158 28 119 /8.3 180 41 212 149
] ]

60 30 142 100 120 43 2472



The ball bearing at C/nvolves a thrust component. This selection
procedure requires an iterative procedure. Assuming Fa/{V F,) > e,

1 Choose Y2 from Table 11-1.
2 Find C10.

3 Tentatively identify a suitable bearing from Table 11-2, note (0.

4 Using Fa/Co0 enter Table 11-1 to obtain a new value of V2.
5 Find C10.

6 If the same bearing is obtained, stop.

7 If not, take next bearing and go to step 4.

take the middle entry from Table 11-1:
X2=056Y2=163.

with V =1,

* Y F,
F = X + —£ = (0.56 4+ 1.63

=3
V I, V F, (1)464.4

Fe= 1.7V, =1.77(1)404.4 = 822 b1

or

3.66 kN



From Eq. (11-7), with a = 3,

393.2
0.02 4+ 4.439(1 — 0.99)1/1.483

1/3
Cro = 1.2(3.66) [ ] — 53.4kN

From Table 11-2, angular-contact bearing 02-60 mm has Cjp = 55.9 kN. Cp is 35.5 kN.
Step 4 becomes, with F; in kN,

= 0.0431

F, 344(4.45)107°
35

& 5

which makes e from Table 11-1 approximately 0.24. Now F,/[V F,] = 344/[(1)
464.4] = 0.74, which is greater than 0.24, so we find }; by interpolation:

.F,fCu Yi
0.042 1.85
0.043 Y5 from which Y, = 1.84

0.056 I




Table 11-2

Dimensions and Load Ratings for Single-Row 02-Series Deep-Groove and Angular-Contact Ball Bearings

Fillet Shoulder Load Ratings, kN
Width, Radius, Diameter, mm Deep Groove Angular Contact
mm mm ds dy Cio Co Cio Co
10 30 9 0.6 12.5 21 5.07 224 4,94 L2
12 32 10 0.6 14.5 28 6.89 3.10 7.02 3.05
15 35 11 0.6 17.5 31 71.80 3.55 8.06 3.65
17 40 12 0.6 19.5 34 0.56 4.50 0.95 4,75
20 47 14 1.0 25 41 12.7 6.20 13.3 6.55
25 52 15 1.0 30 47 14.0 6.95 14.8 1.65
30 62 1] 1.0 35 55 19.5 10.0 20.3 11.0
35 72 17 1.0 41 65 255 13.7 27.0 15.0
40 80 18 1.0 46 12 30.7 16.6 31.9 18.6
45 85 19 1.0 52 71 332 18.6 358 21.2
50 90 20 1.0 56 82 351 19.6 37.7 22.8
55 100 21 1.5 63 90 43.6 250 46.2 28.5
60 110 22 1.5 T0 99 475 28.0 55.9 35.5
65 120 23 1.5 74 109 559 34.0 63.7 41.5
70 125 24 1.5 79 114 61.8 315 68.9 45.5
75 130 25 1.5 Be 119 66.3 40.5 71.5 49.0
80 140 26 2.0 93 127 70.2 45.0 20.6 55.0
85 150 28 2.0 99 136 83.2 53.0 90.4 63.0
a0 160 30 2.0 104 146 05.6 62.0 106 T35

05 170 32 2.0 110 156 108 69.5 121 83.0




0.014*
0.021
0.028
0.042
0.056
0.070
0.084
0.110
0.17
0.28
0.42
0.50

0.19
0.21
1 5
0.24
0.26
0.27
0.28
0.30
0.34
0.38
0.42
0.44

*Use 0.014 i F, /G < 0.014,

F./(VF) < e

OO0 000 0000 OO0

F./(VF,) > e



From Eq. (11-8b),

F, 344
— 0564184 " — 1%
VF, 464.4

F,=192VF, =1.92(1)464.4 = 892 lbf or 3.97 kN

The prior calculation for Cp changes only in Fg, so

Cio= 220534 = STOKN
L s

From Table 11-2 an angular contact bearing 02-65 mm has Cjp = 63.7 kN and Cy
of 41.5 kN. Again,

344(4.45)10-3
g - et DT
Co 415

making ¢ approximately 0.23. Now from before, F,/V F, = 0.74, which is greater
than 0.23. We find ¥> again by interpolation:

Fn,cﬂ Yi
0.028 1.99
0.0369 Yo from which Yo = 1.90
0.042 185

From Eq. (11-8b),

F, 344
=056+ 1.90——— = 1.967
VF, 464.4

F.=1967VF, =1.967(1)464.4 = 913.5 lbf or 4.065 kN




The prior calculation for Cg changes only in F, so

4.07
Cio = ——53.4 = 59.4 kN
3.66

=

Answer From Table 11-2 an angular-contact 02-65 mm is still selected, so the iteration is complete.



EXx
The second shaft on a paralel-shaft 18.5kW
foundry crane speed reducer has bearing
reaction as shown in Fig . A ball bearing is
to be selected for location C to accept the
thrust, and a cylindrical roller bearing is to be
utilized at location D. The life goal equal or
exceed 0.96. The application factor is to be 1.2
Select the roller bearing for location D
Select the ball bearing (angular contact) for
location C.

UThe life goal of the speed reducer is 10kh. The desired speed is 656 rev/min.



g
o
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The radial load at D is /474 .8 + 1323 .97 =1406 .5N
The radial load at C Is
At D desired life is

. _ L _60L,n, _ 60(10000)656
° L, 60L.n, 10°

V1587 3% +1323.9% = 2066 9N

= 393.6

3/10

393.
C,, =1.2(1406.5) il = 15986 N =16kN

0.02 +4.439(1 - 0.99)"" 4%

Choose a 02-25 mm series, or a 03-25mm series cylindrical
roller bearing from Table 11-3



From Table 11-1, we find X,=0.056 Y,=1.63, from

Bq. (11-7), Fe _ 45641632202 _177
VEr (1)2066 .9

Fe=1.77Vfr =1.77(1)2066 .9 = 3.658 kN
From Eq. (11-6),

393 .6
0.02 + 4.439(1 - 0.99)""**

1/3
C, = 1.2(3.658){ } =53.37kN

From Table 11-2, angular-contact bearing 02-60mm has
C',,=55.9kN.C,,=35.5kN



F 1530 .8

—y = o == 0.74
vE | [(1)2066.9]
&=0.24 fom Table 11:1. F, (15308107 _ 143
L= 35 .5

0.043 —0.042 Y, —1.85
0.056 —0.042  1.71—1.85

Y, =1.84

e _0.56+1.8433%8 _ 1999
VEr 2066 .9

Fe =1.922VF, =1.922(1)2066 .9 = 3.972 kN

C,, = 22025337 = 57.95kN
3.658




From Table 11-2 an angular contact bearing O%-65 mm has
C',;=63.7kN and C';=41.5kN £, _1530.810 " _ . o
C; 41.5 |

F, _ 15308 _, .,
vr,) [1(2066 .9)]

0.039 - 0.028 Y, -1.99
0.042 - 0.028 1.85-1.99
Which is greater than 0.23. We find Y,; ¥ =190

: 530. i
Fe 056419012398 _; 967
2066.9

VEy

e approximately 0.23, now

Fe =1.967VFr =1.967(1)2066.9 = 4.066kN

C,, =200 53 37 _ 59,32k
3.658

From Table 11-2 an angular contact 02-65mm is still selected, so
iteration is complete.



