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Reliability Key Figures

FIT-Rate

The FIT-Rate is the number of expected failures per 109 operating
hours.

FIT-Rate - alternative formulations

The FIT-Rate is the average ppm-value per 103 operating
hours.

FIT is the λ of the exponential distribution.

MTBF vs. FIT-Rate

MTBF �
109

FIT
hours
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Reliability Key Figures

FIT-Rate for Exponential Distribution

Typically, the FIT-Rate refers to the cumulative operating hours.

Fails Devices operating
hours / device

operating
hours overall

FIT-Rate

1 1 109 109 1

1 103 106 109 1

1 106 103 109 1

1 109 1 109 1
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MTBF for Non-Repairable Systems

Assumption: Exponential distribution, F ptq � 1� e�λt .
Order statistics

Ftpiqptq �
ņ

j�i

F ptqj r1� F ptqsn�j , 1 ¤ i ¤ n.

Time to first failure

PpminpT1,T2, . . . ,Tnq   tq.

Distribution of the minimum

Ftp1qptq � 1� r1� F ptqsn �1� e�nλt ,

Etp1q �
1

n � λ
.
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Reliability Key Figures

MTBF for Non-Repairable Systems

In operating hours:

n � Etp1q �
n

n � λ
�

1

λ
.

Memoryless of the exponential distribution:

PpT ¡ t � s|T ¡ sq � Rpt|sq �
Rpt � sq

Rptq
�

e�λpt�sq

e�λpsq
� e�λptq,

F pt|sq �F ptq.
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Reliability Key Figures

MTBF for Non-Repairable Systems

After the 1st failure, n� 1 devices remain. Time to the next failure:

PpminpT1,T2, . . . ,Tn�1q   tq.

Distribution of the minimum

Ftp1qptq � 1� r1� F ptqsn�1 �1� e�pn�1qλt ,

Etp1q �
1

pn � 1q � λ
.

In operating hours:

pn � 1q � Etp1q �
n � 1

pn � 1q � λ
�

1

λ
.
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Reliability Key Figures

FIT-Rate for Exponential Distribution

Typically, the FIT-Rate refers to the cumulative operating hours.

time in operating hours

Expected time until 1st failure 1
n�λ

n�1
pn�1q�λ � 1

λ

Expected time from 1st to 2nd failure 1
pn�1q�λ

n�1
pn�1q�λ � 1

λ

Expected time from 2st to 3rd failure 1
pn�2q�λ

n�2
pn�2q�λ � 1

λ

. . . . . . 1
λ

ñ constant failure rate.
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