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A Computer Subroutine for Stress
Analysis of Rotating Disks - II.
by Jeohn E. Brock
Sased upon theory developed by the writer, R. E. Brown developed

a successful computer program for analysis of radial and circumfer-
ential stresses in rotating axisymmetric disks of variable thickness
having an axisymmetrical thermal strain fileld. The writer revised
Srown's program so as to invoke a sroup of ancillary subroutines
which have been found useful in another application. In doing so,

however, much unnecessary and confusing normalization was intreduced.

c*

In particular, one of the normalizations would cause the analysis to

fail in the quite common case of a disk with no radial lecading at

[
«t
Lo

outer bourdary. All this material appears as Reference 1, hereof.
Referees evaluating a paper based upon Reference 1, called
attention to these faults so that the program has been rewritten.
A listing of the main subroutine, RODISK, as revised, as well as
listings of the ancillary subroutines may bYe found in Appendix A
hereof, The reader will note that other changes have also been made
resulting in somewhat more {lexibility of application. Employment of
the revised program ls described in the textual material which appears
at the beginning of the listing.
Appendix B contains a revision of the second illustrative examnle

problem of Reference 1. This problem was solved for various values of

M = N=l, the number of equal subdivisions into which the annular radius

b-a is divided for purvoses of numerical armalysis by RODISK. Also, a
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number of different values of XP(3) were used. If KP(3) » 0, its
value is the number of iterations which will be performed by RODISK.
If KP(3) < 0, iteration will continue until three successive values
of the wunown parameter B determined in the course of tne analysis,
satisfy the relation

[Bi1=-Ba| + |By=By| + |By-B,! Ko(3)

< 10
|Bi| + |B2| + |By!

We also determined execution time by use of the librarv subroutine
IXCLOK, executing under CP—cms on the IBM 360/67 at the W. R. Church
Computer Center at the Naval Postgraduate School.
We found that execution time ver iteration is
itep " 1:2M+ 5 (millisecords)
for any problem.
Accuracy was evaluated oty dealing with oroblems having availatle
analytic solutions. It was found that the principal limitation on
accuracy is determined by the choice of subdivions, the integer M =
N-1l, so that there is a certain inherent error regardless of how
many iteratiocns are made. This error depends on M, of course, and upon
the details of the problem. The error is greatest near the inner
radius of an annular disk, and is large if the ratio a/b {s small.
Fortuitously, the error may be smaller for an early iteration than
for a somewhat later iteration but this is not practically useful
information. For the problem of Appendix B hereof, with a/b = 165,

we find the results given in Table 1, (see next page).

Thus, for example, with M = 20, there is an inherent ervor of
about 1% and the results are not significantly improved by iterating

jo S




approx. approx. total
limiting iters. time,
\
- % error req'd. secs.
— —_—— &usﬂum fot — ¥ [
5 16 5 083 N‘D‘: paAt Section \\1} "
p 0
- NANHOUNCED
lo s ( 012 \‘,“-‘_\_1(11!0"
20 1 1 .32 S
iy s
4o 1 17 .50 . O
100 .01 25 3.1

Table 1. Percent error, required iterations, ard
execution time for oroblem of Appendix 3.

more than eleven times. With eleven iterations, the solution
is returned from RODISK in 0.32 secords.

The significant conclusion is that the execution is so fast
that one may as well take M = 100 (correspornding to N = 101, the
maximum available under present dimensioning) and iterate many
more times than is strictly necessary. Taking N = 101 and
KP(3) = -8 gzave execution in 3.7 seconds with 31 iterations ard
with an accuracy of 0.004% (In the oroblem at hard, cr(a) was
specified as zero and the program gets -1.l4E-1l so that the error
here is "infinite"! Our evaluation of 0.004% is for the first
position rather than for the zeroeth.)

This concludes the text proper of the present report. ligvever,
we take advantage of this opportunity to correct errors in Reference
iy ViR,

(1) Page 3, equation 12 should read

m = 2/ (nf<duntl) = £/ (n=2)*+4(l=v)n]

3o
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(2) Page 6, line 2. In place of T read aTl.
(3) Page 5, equation 33. Lower limit of intesration should
be a rather than 0.
(4) Page 7, line following equation 40. Reference should be 1

to equation 37 rather than squation 33. i
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Apperdix B
Sample Provlem

A disk rotating at 7200 rom and composed of a metal having a
a specific weignt of 0.283 pounds per cubic inch, is 0.85 inches

inside diameter and 5.15 inches outside diameter. The radial stress

T

|
at the inside radius is zero and that at the outside radius is 22,000 1

psi. The thickness varies with radius according to the law

F -0.42

g t = 0.1493 r (all dimensions in inches)

and the temperature change (from the zero stress condition) is given by
T = 50 - 1.6 r°,

6

Take E = 29,000,000 psi and @ = 6.7 10~ /°F and determine radial

stress (cr) ard circumferential stress (ce) as functions of r.

RS B L o

This problem illustrates most of the capabilities of RODISK.
E | Because of' the special nmature of the thickness variation, i.e, a
power relation, an analytic solution may be estahlished so that
the accuracy of the RODISK solution may be evaluated. Results of
such evaluations are given in Table 1 of the body of this report.
There 1t may be seen that accuracy far better than engineering
considerations require or justify may be obtained by taking, say,
N = 101 and KP(3) = 25, so that in 3.1 secords RODISK returns to
the calling (i.e., input) program results with a maximum error of
0.01 % or less. The tabulation which follows shows output with N

= 101 and KP(3) = -5, resulting in 27 iterations and taking 3.3

seconds. Accuracy is better than .0Q6%.
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