SOLUTION (14 .4)
Known: A No. 204 radial ball bearing has a 5000 hr B-10 life at 900 rpm.

Find: Determine the bearing radial load capacity.

Schematic and Given Data:

!

1800 rpm No. 204 Radial Bearing
N\ F=7
%} ) 90% reliability
7 Assume: steady loading
B-10 life = 5000 hours

Assumptions:

1. Table 14.2 accurately gives the bearing capacity.

2. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.5a) is accurate).

3. The life given is for a 90% reliability.

4. The loading is steady.

Analysis:
1. From Table 14.1, for a 204 bearing the bore is 20 mm.
2. From Table 14.2, for Lr = 90 x 10° rev and a 200 series bearing, C = 3.35 kN.
3. From Fig. 14.13, for 90 percent reliability, K = 1.0.
4. From Table 14.3, K; = 1.0 for a steady load.
5. From Eq. (14.5a), L = K(Lr(C/FcK,)3-33
6. Substituting and solving for Fe: Fe = Fr= C(Lr/L)0:3
7. Substituting values:
03
6
F,=335kN 90x10 rev = 2409 N

(5000 hr)(60 min/hr)(900 rev/min)



SOLUTION (14.5)

Known: A No. 208 radial ball bearing carries a radial load of 200 1b and a thrust load
of 150 Ib at 1800 rpm.

Find: Determine the bearing B-10 life .

Schematic and Given Data:

1200 rpm No. 208 Radial Bearing

Fr = 200N, F,=150N

6 ).._ 9 90% reliability
</

steady loading
B-10 life = ?

Assumptions:

1. Table 14.2 accurately gives the bearing capacity.

2. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.5a) is accurate).
The life given is for a 90% reliability.
The load Fe can be found from Eq. (14.3).

From Table 14.1, for a 208 bearing the bore is 40 mm.

From Table 14.2, for Lr = 90 x 109 rev and a 200 series bearing, C = 940 kN =
2112.3 1b.

From Fig. 14.13, for 90 percent reliability, Ky = 1.0.

From Table 14.3, K; = 1.0 for a steady load.

The ratio Fy/Fr = 150 1b/200 1b = 0.75

The equivalent load from Eq. (14.3) 1s

Fe =F [1 + 1.115({F/Fr}- 0.35)] = 200 1b[1 + 1.115({150/200} - 0.35)] = 289.2
Ib

From Eq. (14.5a), L = K{LRr(C/FeKj,)3-33

Substituting values into Eq. (14.5a):

3.

4.
Analysis:
1.

2

AN bW

00

333

2112.316] " _ ¢ 76 x 10 rev

28921b

L=90x10%rev

6.76 10 rev
(60 min/hr)(1200 rev/min)

=938,763 hr -

Comment: The life of 938,763 hours corresponds to about 107 years of continuous
operation where the bearing runs 24 hours/day and 7 days/week--a long life!



SOLUTION (14.6)
Known: A radial contact ball bearing has a given radial load.

Find: Determine the radial load change required to (a) double the life and (b) triple the
life.

Schematic and Given Data:

F, F, F

o
N

L, 2L, 3L1

Assumptions:
1. Ball bearing life varies inversely with the 10/3 power of the load.
2. The life given is for a 90% reliability.

Analysis:

1. LetLjand F; be the original life and load for the bearing. Let L7 and F be the
new life and load.

2. Since Li/Ly = (Fy/F1)103 Ey/Fy = (L1/Ly)3/10
3. To double the life, Ly = 2L1, and Fo/F1 = (1/2)310 = 0.812 N
4. To tiple the life, Ly = 3Ly, and Fo/F; = (1/3)¥10 = 0.719 ]

Comment: To double the bearing life the radial load must be reduced to 0.812 of its
original value; to triple the bearing life the radial load must be reduced to 0.719 of its
original value.



SOLUTION (14.7)
Known: Certain bearings are rated for a load capacity based on a life of 109
revolutions.

Find: Determine the value by which the bearing rated capacities should be multiplied
so they can be compared with the ratings in Table 14.2 which are based on a 90 x 106
revolution life. ’

Schematic and Given Data:

Identical Bearings

Assumptions:
1. Ball bearing life varies inversely with the 10/3 power of the load.

2. A 90% reliability is required.

Analysis: From Eq. (14.1b), Creq= Fr(L/LRr)%-3. For identical bearings with the same
radial load F; and life L

Creq
(I/LR)O‘3

— Creq L
106 (WLR)*3 90 x 105

Solving for Creqlogx 106 gives

( 1. \03
| LR) 90 x 106
Creqi90>< 105=Crml|106 ( 1 )0.3 -

Lr

100

or



1 03

90 x 10°
Creqlgo x 106 = Creth6 [ 1 }0'3 = Creq|106 (0.259)

100

Comment: Bearings rated on a life of 106 cycles will have a higher rated load
capacity than identical bearings rated for a life of more than 109 cycles.



SOLUTION (14.8)
Known: A No. 204 radial ball bearing has a 5000 hr B-10 life at 1800 rpm.

Find: Determine the bearing radial load capacity.

Schematic and Given Data:

l

1800 rpm No. 204 Radial Bearing
N F=7?
%) ) 90% reliability
</

Assume: steady loading
B-10 life = 5000 hours

Assumptions:

1. Table 14.2 accurately gives the bearing capacity.

2. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.5a) is accurate).
The life given is for a 90% reliability.
The loading is steady.

3
4
Analysis:

1 From Table 14.1, for a 204 bearing the bore is 20 mm.

2. From Table 14.2, for Lr = 90 X 10° rev and a 200 series bearing, C = 3.35 kN.
3. From Fig. 14.13, for 90 percent reliability, K; = 1.0.

4. From Table 14.3, K, = 1.0 for a steady load.

5. From Eq. (14.53), L = K{Lr(C/F¢K3)3.33

6. Substituting and solving for Fe: Fe = Fr= C(Lr/L)0.3

7. Substituting values:

90 x 10 rev 03
=3. =1957 N n
Fr=335 kN{(sooo hr)(60 min/hr)(1800 rev/min) 957




SOLUTION (14.9)

Known: A No. 204 radial ball bearing carries a radial load of 200 1b and a thrust load
of 150 Ib at 1800 rpm.

Find: Determine the bearing B-10 life .

Schematic and Given Data:

1200 rpm No. 204 Radial Bearing
F. = 200N, Ft——- 150 N
90% reliability

steady loading

B-10life =?

Assumptions:

1. Table 14.2 accurately gives the bearing capacity.

2. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.5a) 1s accurate).

3. The life given is for a 90% reliability.

4. The load Fe can be found from Eq. (14.3).

Analysis:

1. From Table 14.1, for a 204 bearing the bore is 20 mm.

From Table 14.2, for Lr = 90 X 10° rev and a 200 series bearing, C = 3.35 kN =
752.8 1b.

From Fig. 14.13, for 90 percent reliability, K; = 1.0.

From Table 14.3, K; = 1.0 for a steady load.

The ratio Fy/F; = 150 16/200 1b = 0.75

The equivalent load from Eq. (14.3) is

Fe = F: [1 + 1.115({F¢/F;}- 0.35)] = 200 Ib[1 + 1.115({150/200} - 0.35)] = 289.2
1b

From Eq. (14.5a), L = K;{Lr(C/FeK3)3.33

Substituting values into Eq. (14.5a):

[\S)

N W

00 ~1

_ 6 752.8 lb}”3 - 9
L =90x10 rev[zgg2 b 2.18 % 10° rev

_{ 2.18 x 10% rev

- 30,277 b
(60 min/hr)(1200 rev/mjn):l 30, n

Comment: The life of 30,277 hours corresponds to about 3.5 years of continuous
operation where the bearing runs 24 hours/day and 7 days/week.



SOLUTION (14.10)

Known: A No. 204 radial ball bearing has 90% reliability and carries a radial load
of 1000 N and a thrust load of 250 N.

Find: Determine the B-10 bearing life.

Schematic and Given Data:

No. 204 Radial Ball Bearing
Fy = 1000N, F,=250N
S’ 90% reliability

Light-moderate shock loading
L =7 hrlife

Assumptions:

1. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.5a) is accurate).

2. The equivalent load can be accurately estimated using Eq. (14.3).

Analysis:

1. From Table 14.2, the rated load capacity, C = 3.35 kN.

2. From Fig. 14.13, for 90 percent reliability, K, = 1.0.

3. From Table 14.3, K3 = 1.5 for light-moderate shock loading.
4. FyFr =250/1000 = 0.25 < 0.35.

5. From Eq. (14.3), Fe = Fr = 1000 N.

6. From Eq. (14.5a), L = K{LR(C/F¢K;)3:33

= (1)(90 x 106)[63)-(—31—55—)]3 33 1307 x 10 revs

1.307x 10°rev | min | hr

L=
3500 rev | 60 min

= 6224 hours [ |

Comment: Inspection of Table 14.4 for representative bearing design lives would
suggest that this bearing would be suitable for a gearing application used
intermittently, where service interruption is of minor importance.



SOLUTION (14.11)
Known: A bearing has a life of 5000 hr for 90% reliability.

Find: Estimate the lives for 50% reliability and 99% reliability.

Schematic and Given Data:

90% reliability 50% reliability 99% reliability

Ll=5000hr Ll=?

Ll =7
90% 50% 9%

Assumption: Bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.2a) is suitable).

Analysis:

1. From Eq. (14.2a), L = K;Lr(C/F)3.33

2. For identical bearings with the same Lg, C, and F;,
L L _ L

333 333 333
KL(CF) " 509 KeLr(CFy so%  KLrCFD) ™ goq,

or | ‘
L. _L _L:

Kiioow Kiisoz, Krigeg

3. From Fig. 14.13, for 90% reliability, K: = 1.0; for 99% reliability, K, = 0.21; for
50% reliability, K; = 5.0.

4 Loow _ Lsow _ Loog
1.0 5.0 0.21

5.  For Lgg% = 5000 hours, Lso% = (5)(5000) = 25,000 hours ||
and Logg, = (0.21)(5000) = 1,050 hours n

Comment: A higher reliability requirement (fewer bearing failures) means a shorter
life.



SOLUTION (14.12)
Known: A No. 211 radial ball bearing has a life of 5000 hr for 90% reliability.

Find: For the same application, estimate the life for 90% reliability for (a) a .11
bearing, (b) a 311 bearing, and (c) a 1211 bearing.

Schematic and Given Data:

No. 211 No.L11 No. 311 No. 1211
L =5000hr L =7 L =2 L =?
Assumptions:
1. Bearing life varies inversely with the 10/3 power of the load (i.e., Eq. (14.1a) is
suitable).

2. The loading conditions are identical for the bearings.

Analysis:
1. From Table 14.2, for the 211 bearing, C = 12.0 kN.
2. Also from Table 14.2, for the

(a) L11 bearing, C = 8.2 kN

(b) 311 bearing, C = 18.0 kN

(c) 1211 bearing, C = 14.9 kN

3. From Eq. (14.1a), L = Lr(C/F;)3.33
4. For identical loading conditions (i.e., the same value of F;) and for bearing rating
capacities where Lr = 90 x 10 revolutions,
L | __L __L ; L
C3'331211 Bl APy APl
s Lo _ Lin | L _ Lo

12333 - g 333 - 18.03'33 - 14.9333

6. Since L3711 = 5000 hr,
Lipi1 = 1407 hr,
L311= 19,291 hr and
L1211 = 10,280 hr



Comments:

1.

Bearing No. 1211 is not listed in Table 14.1. But the inner diameter for each
bearing is (5)(11) = 55 mm, as the application is the same, and using Table 14.2
the rating load capacity for the 1211 bearing is obtained.

The 311 ball bearing has more load capacity than the 1211 roller bearing. Indeed
Table 14.2 reveals that the 300 medium series has a higher load capacity than the
1200 light roller bearing for 20 mm to 80 mm bore bearings.



SOLUTION (14.13)
Known: A bearing has a life of 15,000 hr for 90% reliability.

Find: Estimate the lives for 50% reliability and 99% reliability.

Schematic and Given Data:

90% reliability 50% reliability  99% reliability

L1=15,000hr L1=? x1=?

90% 50% 99%

Assumption: Bearing life varies inversely with the 10/3 power of the load (i.e., Eq.
(14.2a) is suitable).

Analysis:
1. From Eq. (14.2a), L = K{Lr(C/F;)3-33
2. For identical bearings with the same LR, C, and F;,

L _ L - L
333 T KL 333 3.33
KLrCF) " lggq T r(C/Fy s0%  KALRCHED ™ ggq,

or .
L | L. _ L.

K, ‘90% Kilis0s  Krigog,

3. From Fig. 14.13, for 90% reliability, K; = 1.0; for 99% reliability, K = 0.21; for
50% reliability, K; = 5.0.

4 Looz _ Lsoz _ Looa
1.0 5.0 0.21




5. For Logg = 15000 hours, Lsog = (5)(15000) = 75,000 hours |
and Logg, = (0.21)(15000) = 3,150 hours |

Comment: A higher reliability requirement (fewer bearing failures) means a shorter
life.



SOLUTION (14.14)

Known: A radial contact ball bearing carries a radial load of 3 kN, 5 kN, and 7 kN for
60%, 30% and 10% of the time respectively .

Find: Determine the B-10 life and the median life.

Schematic and Given Data:

!
Z
5 3
X d o
O<——130%————l<—30%40—10% Time
———100%

No. 207 Radial
Contact Bearing

Assume: K,= 1.0 (uniform load)

Assumpftions:

1. The Palmgren or Miner rule (linear cumulative damage rule) is appropriate.
2. Egq. (14.5) is appropriate.

3. Let X equal the B-10 life.



Analysis:

1.

2.

3.

From Table 14.2, for the No. 207 radial contact bearing we have C = 8.5 kN
(with Lr = 90 X 106 and 90% reliability).
Eq. (14.5a) is L = K;LRr(C/FcKj3)3-33. We have Fe = Fr, K3 = 1.0 and for 90%
reliability, Ky = 1.0. Thus, L = Lr(C/F;)3:33.
With C = 8.5 kN, Lr= 90 x 109 rev and the above equation, we have for
(@ Fr=3kN, L =2887 x 10° rev
(b) Fr=5kN, L =526.8 x 106 rev
(c) Fr=7kN,L=171.8 x 10° rev
From Eq. (8.3), fork = 3,

n; Ny D3 _
NN, TN,
For X minutes of operation, we have n; = 1080X rev, n2 = 540X rev, n3 = 180X
rev.
From part 3, N1 = 2887 X 106 rev, No= 526.8 x 10 rev, and N3 = 171.8 x 106

ev.
Substituting into the equation in part 4 gives

1080X . 540X . 180X _;
2887 x 10  526.8 x 10°® 171.8 x 10°

_ 105 _ : _
Hence, X = 54465 408,694 minutes = 6811 hours |
The median life equals approximately 5 times the B-10 life. Hence, the median
life is 34,057 hours. |

Comment: The general relationship that average life is equal to approximately 5
times the B-10 life was established from experimental data obtained from endurance

testing of numerous bearings.



