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Suitable equilibrium constraints are introduced in the existing computer 
code DREB to greatly increase the permissible time step size and thereby provide 
bearing performance simulation over large time intervals within acceptable com
putational effort. The modified code, RAPIDREB, has proven to be very efficient 
in simulating ball bearing performance over several shaft revolutions. Hence, 
simulation of the very low frequency components has been possible. The code 
RAPIDREB is applied to a typical turbine engine ball bearing to examine cage 
whirl and subsequent failure due to excessive wear of the cage surface interact
ing with the guiding raceway. 

INTRODUCTION 

Computer simulation of the performance of rolling bearings has proven to be 
a very effective means of designing some of the most advanced rolling bearing 
systems. The available computer codes provide both a simple static equilibrium 
solution and a full transient simulation obtained by integration of the differ
ential equations of motion of the various bearing elements. As reviewed by 
Gupta (1) and Sibley and Pirvics (2), there have been a large nu�ber of programs 
aimed at solving the static equilibrium problem with varying levels of sophistica
tion. Dynamic simulation codes, however, have been rather few; the most noted 
works have been due to Walters (3), Gupta (4-7) and more recently due to Brown 
et al (8). Since the dynamic codes perform a real time integration of a large 
number of differential equations of motion, the computational effort required 
by any of the dynamic computer programs has been a practical limitation. This 
is related directly to the nature of the model in the sense that the maximum 
step size for the numerical integration of a system of differential equations 
of motion is determined by the highest frequency present in the system, which 
is often several orders of magnitude higher than the shaft rotational speed. In 
order to simulate effects of the order of shaft speed, integration over a very 
large time domain is required and since the maximum step size is limited by the 
high frequencies, the computing costs, especially for very low speed applications, 
have proven to be prohibitive. The primary objective of the present investigation 
is to review the various time scales in the general behavior of a ball bearing and 
by selectively suppressing the very high frequencies, develop a "rapid version" of 
the DREB (Dynamics of Rolling Element Bearings) computer program developed earlier 
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