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I INTRODUCTION

This report  describes the t r ans la t i on  of a spec i f i c  computer program from
FORTRAN to BASIC. This program was essent ia l  as a sub-problem in the over-
al 1 pro ject  of

i)  In te r fac ing  a desktop computer, namely
the TEKTRONIX 4051, with the DIGITAL
VECTOR FILTER 2.

i i )  U t i l i za t i on  of the f l ex i b l e  ro tor  balanc-
ing program on the TEKTRONIX 4051 to
generate an ana ly t i ca l  so lu t ion for
unbalance correct ion weights and angular
loca t ion .

The f l ex i b l e  rotor  balancing program named WATFIV.TENPLANE has only been
wr i t t en  in FORTRAN while the TEKTRONIX 4051 desktop conputer uses only the
BASIC language. Therefore, the t r ans la t i on  of the program to BASIC was
essenti  al .

The reader of th is  report  may also be in terested in the report  LTR-ENG-103,
t i t l ed  "An In ter face between the D ig i t a l  Vector F i l t e r  2 and the TEKTRONIX
4051", which describes the software w r i t t en  to accomplish item ( i )  mention-
ed above.

One of the major d i f f i cu l t i es  in the t rans la t i on  process was the lack of
complex variables and conplex operations in BASIC. "Simulated" conplex
var iables had to be created to overcome th is  problem. This is discussed in
the "Variables" part of Section I I I .

The TEKTRONIX 4050 series BASIC does not permit the passing of parameters
to subroutines and funct ions.  This can cause repe t i t i ve  sections of code,
but creates no serious t r ans la t i on  d i f f i cu l t i es  provided that the t rans la -
tor is aware of what var iables are destroyed in the FORTRAN subroutine or
funct ion environment.

The FORTRAN compiler normally does tr igonometr ic funct ions in radians,
while the TEK 4051 defau l ts  to degrees. This can be overcome by t r ans la -
t ing the FORTRAN program to degrees, or by executing the BASIC statement
"SET RADIANS". The l a t t e r  option was chosen in th is  case.
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The BASIC in te rp re te r  accepts a maximum of two-character var iable names;
one l e t t e r ,  followed by one d i g i t ;  or one l e t t e r  alone. This makes the
readab i l i t y  very poor for a program of th is  size and conplex i ty .  I t  is not
recommended that the BASIC balancing program be read without a copy of i t s
FORTRAN equivalent.

Keeping track of the dimensions and indices in the multidimensioned var ia-
bles becomes very confusing. This is a resu l t  of two-character var iab le
names, and simulated complex var iables. Debugging a t rans la ted program
should include checking the indices with the utmost care.

The TEK 4051 used for th is  t r ans la t i on  is capable of holding only 16K bytes
of memory, so the program had to be reduced to 6 plane, 6 probe and 2 speed
balancing. The program was also cut into two pieces with a var iab le
holding in te r face  using the magnetic tape.

I I  FORTRAN TO BASIC TRANSLATION

The BASIC language elements used to t rans la te  th is program are discussed
here in terms of FORTRAN statements. The reader is expected to be f am i l i a r
with the FORTRAN language.

1. BASIC LINE NUMBER VS FORTRAN STATEMENT NUMBERS

The BASIC language is l ine or iented.  Every BASIC statement begins
with an integer l ine number between 1 and 60000. Usually l ine numbers
greater than 100 and in mu l t ip les  of 10 are used. The statements must be
in order according to these numbers, but need not be entered in th is  order,
as the BASIC in te rp re te r  w i l l  sort them. Many BASIC statements use these
l ine numbers in a manner s im i la r  to that of FORTRAN statement numbers. In
the examples of statements in th is  repor t ,  the numbers preceding BASIC
statements are BASIC LINE numbers, and the numbers preceding some FORTRAN
statements are FORTRAN STATEMENT numbers.



LTR-ENG-104
PAGE : 3

2. RELATIONAL OPERATORS

FORTRAN BASIC

g rea te r  t han .GT.
l ess  t han .LT .

l ess  t han  or  equa l .LT . =<
g rea te r  t han  or  equa l .GE.
not  equa l .NE.

3. LOGICAL OPERATORS

.AND. AND

.OR. OR

.NOT. NOT

4. ARITHMETIC OPERATORS

add (pos i t i ve ) + +
sub t rac t  ( nega t i ve ) - -
d i v i de / /
mu l t i p l y ★ ★
exponen t ★★ t

5.  TRIGONOMETRIC FUNCTIONS

S ine SIN (N) SIN (N)
Cos ine COS (N) COS (N)
Tangen t TAN (N) TAN (N)
A rc tangen t / ATAN (N) ATN (N)

(ATAN2 (N I ,  N2) -
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6. COMMENTS

P lac ing  “REM" a f t e r  the l i ne  number in a BASIC program w i l l  cause the
BASIC i n te rp re te r  to ignore eve ry th i ng  else on t h i s  l i ne .

C FORTRAN COMMENT 100 REM BASIC COMMENT

7. LOOPING

The most common l oop ing  s t r uc tu re  in BASIC is l oose l y  ca l l ed  the
"FOR-NEXT" s t r uc tu re .  I t  f unc t i ons  exac t l y  l i ke  the FORTRAN "DO-LOOP" and
an example is  shown below.

FORTRAN BASIC

DO 50 I = 1, N 100 FOR I = 1 TO N

180 NEXT I50 CONTINUE

8. ASSIGNMENT

Assignment s tatements are exac t l y  the same in both languages except
for the f ac t s  t ha t :

i )  Va r i ab les  in BASIC can have up to two
cha rac te r s ,  tha t  i s ,  the f i r s t  cha rac te r
must be a l phabe t i c  and the second, i f
used, must be numera l .

i i )  In BASIC there  is no need to d i s t i ngu i sh
in tege rs  from rea l  numbers.

FORTRAN BASIC

100 SI = 10.6STPHA = 10. 6
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9. BRANCHING

A. Uncond i t i ona l  Branching

The "GOTO" method of b ranch ing  is the same in both languages,
except that  in FORTRAN the i n tege r  i nd i ca tes  a FORTRAN STATEMENT NUMBER,
whi le  in  BASIC, i t  is  a BASIC LINE NUMBER.

FORTRAN BASIC

GOTO 50 500 GOTO 1000

50 CONTINUE

where 50 is a FORTRAN
statement number

B. Cond i t i ona l  Branching

1000 next BASIC statement

where 1000 is a BASIC
1 ine number

The " IF"  s tatement  is more convenient  in FORTRAN because almost
any executab le statement can be con t ro l l ed  by an " IF " .  In BASIC i t  is
necessary to negate the cond i t i on  and t r ans fe r  con t ro l  to a l i ne  number
beyond the s tatements con t ro l l ed  by the " IF " .

FORTRAN BASIC

IF (QUAMP.EQ.5) Executab le  IF Q = 5 THEN 1000
Statement

where "execu tab le  s ta tement "
can be any executab le  FORTRAN
statement  wi th the excep t ion
of the "DO" statement  and
another  " IF"  s ta tement .

where 1000 is a BASIC
1 i ne number.

The "A r i t hme t i c  IF" in FORTRAN has no BASIC equ i va len t ,  but
the l og i c  can eas i l y  be t r ans la ted  i n to  seve ra l  BASIC " IF"  s ta tements .  The
BASIC t r ans la t i on  for  the example of a FORTRAN "A r i t hme t i c  IF" is  i nd i ca ted
below:
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BASIC

NONE

However, i t  can be t r ans -
formed i n to  a set of BASIC
s ta temen ts  as be low.

IF K-6 4 0 THEN 50
IF K-6 = 0 THEN 60
IF K-6 > 0 THEN 70

where 50, 60, 70 are BASIC
1 ine numbers

FORTRAN

IF (K-6) 50, 60, 70

10. SUBROUTINES

Ca l l i ng  sub rou t i nes  in BASIC is  of l im i t ed  use. Pa ramete rs ,  or
arguments can not be used as they are in  FORTRAN. The on ly  advantage is
t ha t  a p i ece  of code can be execu ted  and con t ro l  r e tu rned  to  va r i ous  po in t s
in  the main program.  Sub rou t i nes  in  BASIC are not named, but are i den t i -
f i ed  by the l i ne  number of the f i r s t  s t a temen t .

BASICFORTRAN

Ca l l  SOLVE (P l ,  P2 . . . .PN) 100 GOSUB 2000

SUBROUTINE SOLVE (A l ,  A2, . . .AN) 2000 REM SUBROUTINE

2020 RETURNRETURN

11. INPUT/OUTPUT

When us ing  fo rma t ted  I /O the BASIC "IMAGE" s ta temen t  co r responds
to the FORTRAN "FORMAT" s ta temen t .  For the many va r i ous  op t i ons  in  the
"IMAGE" s ta temen t  r e fe r  to the I/O sec t i on  of the BASIC manua l .  "PRINT"
and "INPUT" are the BASIC commands gene ra l l y  used for  the magne t i c  tape
d r i ve .
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BASIC

100 PRINT USING 110
110 IMAGE...

FORTRAN

PRINT 90
90 FORMAT ( . . . )

12. TRIGONOMETRIC FUNCTIONS FOR COMPLEX VARIABLES

To f i nd  the t r i gonome t r i c  value of a coirplex number in the
FORTRAN language requ i res  on ly  a ca l l  to a bu i l t - i n  f unc t i on .  There are no
such f unc t i ons  in the BASIC language so a shor t  a l go r i t hm  is r equ i red .  The
purpose of t h i s  sequence is to ensure tha t  the r esu l t i ng  angle w i l l  be in
the co r rec t  quadran t .

The "ATAN2" f unc t i on  in  FORTRAN, for  example, w i l l  automat ica l  ly
check the sign of the rea l  and imaginary  pa r ts  of the quo t i en t  and
the re fo re  re tu rn  the angle assoc ia ted  wi th  pa i r  of coord ina tes  in the
proper quad ran t .  For example:

Examining the complex nunber 1 - l i

-1 /+1  = -1

This Arctan ( -1)  = -45° which is co r rec t .  Next examine the
complex number -1 + l i

+1 / -1  = -1

This Arc tan  ( -1)  = -45° which is not co r rec t .

I '  D iag rama t i ca l l y  we can see that  the
angle should be 180-45°= 135°.

\ J
__.\LA----------.. p

For t h i s  reason we requ i re  a check of the s igns of the rea l  and
imaginary pa r t s .  The f o l l ow ing  sec t i on  of BASIC code accomplishes t h i s
task .  Consider  the complex number Al ,  A2. (Al is the rea l  pa r t ) .
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100 IF Al <> 0 THEN 400
200 R1 = 0
300 GOTO 1100
400 IF Al = > 0 THEN 700
500 R1 = ATN(A2/A1) + 180
600 GOTO 1100
700 IF A2 < 0 THEN 1000
800 R1 = ATN(A2/A1)
900 GOTO 1100

1000 R1 = ATN(A2/A1) + 360
1100 REM COMPLETED

NOTE: These steps assume that the imaginary part of the conplex number
is representing degrees. I f  these are in rad ians,  conversion is
necessary. Line 500 becomes:

500 R1 = ATN(A2/A1) * 57.2958 + 180.
This would resu l t  in the answer represented in degrees.

NOTE: S imi lar  steps are requi red to proper ly  f ind other t r igonometr ic
values of complex numbers.

13. COMPLEX VARIABLE HANDLING IN BASIC

The BASIC language can be used to manipulate complex var iables
even though the spec i f i c  handling features are not bu i l t  in to the
language. To store a complex number, two numeric var iables are used; one
for the real part and one for the imaginary par t ,  for example Cl and C2.
The funct ions used in other languages to manipulate th is  complex var iab le
can be eas i l y  be simulated in BASIC. Here are some examples of complex
operat ions.

A. Mu l t i p l i ca t i on

(Cl, C2) * (DI, D2) = (Al ,  A2)

F i rs t  do the Real par t :

Al = Cl * DI - C2 * D2

Then, the Imaginary par t :

A2 = DI * C2 + D2 * Cl
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B. D i v i s i on

(C l ,  C2) 4- (DI ,  D2) = (A l ,  A2 )

The Real Par t :

Al = (Cl * DI + C2 * D2)/(D2 t 2 + DI t 2)

The Imaginary  Pa r t :

A2 = (DI * C2 - Cl * D2 ) / (D2 t  2 + DI + 2)

C. Add i t i on

(C l ,  C2) + (D I ,  D2) = (A l ,  A2)

The Real Par t :

Al = Cl + DI

The Imaginary Par t :

A2 = C2 + D2

D. Sub t rac t i on

(C l ,  C2) - (DI ,  D2) = (A l ,  A2)

Al = Cl - DI

A2 = C2 - D2

E. Complex Abso lu te  Value

Compute the complex abso lu te  value of (C l ,  C2) and s to re  the
resu l t  in R.

R = ABS ( SQR( Cl t 2 + C2 + 2) )
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F. Conjugate Complex Variable

Store the conjugate of (Cl, C2) in (Al,  A2)

Al = Cl

A2 = -C2

G. Handling arrays of complex var iables can be done in a s im i l a r
manner. As with the "simple" complex variables the opera-
t ions can be simulated. One-dimensional or multidimensional
arrays can be used. The fo l lowing is a simple example of
mu l t i p l y i ng  two one-dimensional complex arrays.

100 REM DECLARE THE ARRAY VARIABLES

110 DIMENSION A l (10) ,  A2(10), 01(10), C2(10), D l (10) ,
D2(10)

. Assign some values to Cl, C2, DI, D2 arrays.

300 REM MULTIPLY THE ARRAYS. STORE RESULTS IN Al, A2 .

310 FOR I = 1 to 10

320 Al ( I ) = C1(I) * Dl( I ) - C2 ( I ) * D2(I)

330 A2( I ) = Dl( I ) * C2( I) + D2(I) * Cl( I)

340 NEXT I

I I I  ROTOR BALANCING PROGRAM TRANSLATION

When examining the two programs in the appendix, the reader should r ea l i ze
that the FORTRAN program has not been t rans la ted  in every de ta i l .  The data
structures are d i f f e ren t ,  due to lack of complex var iable handling in
BASIC. The subroutine "SOLVE" is one of the most conpl icated and important
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parts mathematically, and th is  por t ion  was t rans la ted in every de ta i l .  By
t rac ing  through the FORTRAN program and looking at the BASIC program simul-
taneously, the reader should have no t rouble  fo l lowing the logic of the
t rans la t i on .  I t  is worth not ing that there is a d i f ference in the size
of the arrays. The FORTRAN program did not need to worry about memory res-
t r i c t i ons ,  but the BASIC program was modif ied to balance a 6 plane, 6
probe, 2 speed (maximum) rotor because of the l im i t a t i ons  in the to ta l
memory capaci ty .  An in ter face between program segments was also neces-
sary. At the end of the f i r s t  rou t ine  some var iables were w r i t t en  onto the
tape ca r t r i dge ,  and read back at the s tar t  of the second rou t i ne .

The authors of the BASIC t rans la t i on  do not advise that the reader t ry  to
fol low the logic in BASIC without fo l low ing  along with the FORTRAN pro-
gram. The BASIC language was not intended for such complex app l ica t ions.
Although i t  is possible to t r ans la te  th is  coirplex logic already developed
in FORTRAN or some other high level language, i t  is al l  but impossible, and
ce r ta i n l y  not p rac t i ca l  to develop software of th is  complexity in BASIC.

1. VARIABLES

St r i c t l y  numeric var iables were used in these programs, so only
numeric w i l l  be discussed here. As previously mentioned, BASIC allows only
two-character var iable names - one l e t t e r ,  and one d i g i t .  In the var iab le
table which fo l lows,  the BASIC equivalents of the FORTRAN var iable names
used are given in approximate order of occurrence. Some var iab le names in
the FORTRAN program were of a su i tab le  format for BASIC so these were not
changed, and may not appear on th is  tab le .  Occasionally more var iables
were needed in BASIC to f ac i l i t a t e  conplex operations. These are indicated
by the FORTRAN var iab le name TEMP.

FORTRAN: BASIC:

AMPR A
PHASER P
Al Al
A2 A2
RUN OUT Rl (6 ,2)
AMPB A3
PHASE B P3
AB1 A4
AB2 A4
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FORTRAN: BASIC:

DI
AMPA
PHASEA
AA1
AA2
DAF
L
M
N
K
DAMP
UANG
TRUNBA
IP
JP
ALPHA
TEMP
TEMP
Bl
B2
APPINF
ANGINF
SUM
TEMP
SYST2
cc
NORDER
C
JJJ
NN
MM
K
I I
DUMMY
TEMP
TEMP
SQ
FINAL
N
M

51(6 ,2 )  S2 (6 ,2 )
A6
P4
T1
T2
(SEE EXPLANATION - NEXT PAGE)
L
M
N
K
w
u
B(6 ,2 )
XI
X2
C l (12 ,6 )  02 (12 ,6 )
T4
T5
Bl
B2
F l (6 )
F2 (6 )
S(2)
T (2 )
Z l ( 6 ,7 )  Z2 (6 ,7 )
03 (6 ) ,  04 (6 )
N
V l (7 ) ,  V2 (7 )
J3
N2
M2
K9
12
T6, T7
T8
T9
Q
F8(2 ,6 )  F9 (2 ,6 )
N9
M9
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2. Exp lana t i on  of Complex Va r i ab les :  (DAF)

This complex FORTRAN va r i ab le  has th ree  dimensions.  Since t h ree -
d imensional  a r rays  are not a l lowed in BASIC language,  spec ia l  BASIC va r i a -
bles were c rea ted  to s imu la te  t h i s  in the f o l l ow ing  manner: the dimensions
were with respec t  to number of speeds, number of p l anes ,  and number of
probes.  In BASIC the re  must be a rea l  par t  and an imaginary par t  fo r  each
FORTRAN ar ray  e lement .  Several  two d imensional  a r rays  were used.

For Plane 1, 01 and 02 are used. 01
is for  speed 1 and 02 is for  speed 2.

Plane 1

The rows rep resen t  the probes (max 6)
and the columns are the rea l  and
imaginary par ts respec t i ve l y .  The
res t  of the array names are:

Plane 2 D3, 04
Plane 3 05, D6
Plane 4 07, 08
Plane 5 D9, El
Plane 6 E2, E3

Al l  conp lex  va r i ab les  are f o rma t ted  in
a s im i l a r  manner.
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APPENDIX A

FORTRAN ROTOR BALANCING PROGRAM L IST ING



PAGE 01TENPLANE BALANCING PROGRAM

C THIS VERSION IS IN DOUBLE PRECISION-  JULY 29 /80
C$JOB ,XREF
C PROGRAM LTSQAP ( INPUT,  OUTPUT)
C
C PROGRAM FOR PLAIN LEASTS SQUARES PREDICTION OF BALANCE WEIGHTS
C
C INPUT DESCRIPTION
C
C CARDS 1 ( 3 OF THESE )
C HEADING CARDS ON PRINTOUT
C INCLUDE UNITS OF UNBALANCE AND DISPLACEMENT ON THESE
C
C CARD 2
C NPLANE (NUMBER OF UNBALANCE PLANES MAX 10) 110
C LPROBF (NUMBER OF PROBES MAX 10)  110
C KSPEED (NUMBER OF SPEEDS MAX 13) 110
C
C CARDS 3 ( LPROBE OF THESE ) RUNOUT AT PROBES
C AMPR : AMPLITUDE P -P /2  F10 .3
C PHASER : PHASE LAG FROM VECTOR FILTER IN DEGREES F1C.3
C
C CARDS u (KSPEED TIMES LPROBE OF THESE ) INITIAL PROBE READINGS
C ENTER PROBE READINGS AT EACH SPEED
C AMPB : AMPLITUDE P -P /2  F10 .3
C PHASEB : PHASE LAG IN DEGREES F10 .3
C
C CARDS 5 ( NPLANE TIMES KSPEED TIMES LPROBE OF THESE ) PROBE DATA
C AFTER ADDING TRIAL WEIGHTS
C PROBES ARE THE INNER INDEX TO SPEEDS WHICH IS  THE INNER
C INDEX TO UNBALANCE PLANES
C AMPA : AMPLITUDE P -P /2  F10 .3
C PHASEA : PHASE LAG IN DEGREES F10 .3
C
C CARDS 5 ( NPLANE OF THESE ) TRIAL WEIGHT DATA
C DAMP : MAGNITUDE OF TRIAL UNBALANCE F10 .3
C UANG : ANGLE IN DEGREES F10 .3
C
C ALL UNBALANCE ANGLES REFERENCED TO DIRECTION OF KEY PROBE
C AND IN THE DIRECTION OF ROTATION
C
C ALL PROBE ANGLES ARE THE PHASE ANGLE LAG OF THE AMPLITUDE
C SEEN BY THE PROBE BEHIND THE TIMING MARK
C
C
r»»»*»**»*»*#* ,** t i f t *  *************** i t4*****«**»****> | t****  «»*»»  *******

IMPLICIT  REAL*8 (A-H,O-Z)
C THE DIMENSIONS OF THE VARIABLES MUST BE GREATER THAN OR EQUAL TO
C THE FOLLOWING NUMBERS:
C AM PINE (NPLANE) , ANGINF (NPLANE) , C (NPLANE) ,  FINAL (K SPEED,  LPROBE)
C SYST2 (NPLANE,  NPLANE*1) , CC (NPLANE) , STORE (N PL AN E, NPLA NE ♦ 1 )
C TRUNBA (NPLANE) , ALPHA (LPROBE*KSPEED,  NPLANE) , R UNOUT (LPROBE)
C DI (KSPEED,  LPROBE) , AND DAF (NPL AN E, K SPEED,  L PROB E)

DIMENSION ICENT (3 ,  80)  , AMPINF (10)  , ANGINF (10 )
COMPLEX* 16 C (10)  , DUMMY, FINAL (10 ,  10) , S YST2 ( 15 , 1 5) ,CC(10)  ,

6 STORE (15 ,  15 ) ,  TRUNBA (10)  , ALPHA (100 ,  10) ,S  UM , RUNOUT ( 10 ) ,DCMPLX,



PAGE 02TENPLANE BALANCING PROGPAN

6 DI (10 ,  10)  , TEMP , DCO N JG,  CHEC KE, DAF (1 0 , 1 ? , 1 0 ) , SU BRUN
LIMIT  10 PROBES 10 SPEEDS 10 UNBALANCE PLANES
NPLANE IS THE NUMBER OF UNBALANCE PLANES
LPROBE IS THE NUMBER OF PROBES
K IS  THE NUMBER OF SPEEDS
PRINT 66

66 FORMAT (1 H1 , ' PEOGRA M FOR PLAIN LEAST SQUARES PREDICTION», / ,
6 ’ OF CORRECTION UNBALANCES. ' )

PRINT 67
67 FORMAT (1H0 , 'WRITTEN BY ALAN PALAZZOLO 4 /28 /77 ' , / ,

6 ' REF.  LUND 6 GOODMAN PAPERS ' )
DO 81 J = 1 , 3
EEAD(4 ,83 )  ( ICENT ( J ,  I )  , 1  = 1 ,  80)

33 FOEMAT(80A1)
81 CONTINUE

PRINT 77 , (  ( ICENT ( J ,  I )  , 1=1  , 80)  , J=1  , 3 )
77 FORMAT ( 1 H- , 3 (1 OX, 80A 1 /1H0)  )

READ (4 , 1) NPLANE, LPROBE,  KSPFED
1 FORMAT(3I10 )

M=LPROBE*KSPEED
PRINT 5 ,  NPLANE,  LPROBE,  KSPEED,  M

5 FORMAT (1R- ,8X,  'NUMBER OF BALANCE PL ANES ' , I 3,  / /  , 9 X , ' NUM BER OF PROBE
6 S ' , 8 X, 13 , / / 9  X, ' NUMB ER OF S PEE DS · , 8X , 1 3 , / / 9  X , · NUMBE R OF ' ,
6 '  MEASUREMENTS TO MI NI MIZE · , I 3 )

C PEAD IN RUNOUT AMPLITUDE AND PHASE ( DEGREES) AT EACH PROBE
PRINT 1 2

12 FORMAT (1H- ,  15X,  'RUNOUT,  AMPLITUDE.  . .LAG ANGLE IN DEGREES ' )
DO 10 1=1 ,  LPROBE
PEAD (4 , 1 1 ) A MPR , PHASER

11 FORM AT ( 2F1 0 . 3)
PRINT 13 ,  AMPR, PHASER

13 FORMAT (1H0 , 18X,F1C.  3 ,5X,F1C.  3)
PHAS ER=PHASER/57 .  2958
A1=AMPR*DCOS (PHASER)
A2 = - AM PR *D SIN (PHASER)
RUNOUT ( I )  =DCMPLX (A 1 ,  A2)

10 CONTINUE
C ENTER INITIAL PROBE DATA

PRINT 15
15 FORM AT (1H- ,  ' INITIA L READINGS , AMPLITUDE. . LAG ANGLE SAME EXCEPT ' ,

6 / , 28X, ' IN  DEGREES RUNOUT SUBTRACTED')
SUMSQB=0.0
DO 20 1=1 ,  KSPEED

C NUMBER OF SPEEDS INDEX
DO 22 J=1 ,  LPROBE

C NUMBER OF PROBES INDEX
READ (4 ,24 )  AMPB,PHASEB

24 FORM AT (2F10 .  3)
STPHB=PHASEB
PH AS EB=PHASEB/57 .  2958
AB1=AMPB*DCOS(PHASEB)
AB2=-AMPB*DSIN (PHASEB)
DT ( I ,  J )  =DCMPLX (AB 1 ,  AB 2)

C SUBTRACT RUNOUT FROM INITIAL READINGS FOR PRINTOUT
SUBRUN = DI ( I ,  J) -RUNOUT (J)

Q
 

Q
 

n 
Q
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DI =DREAL (SUBRUN)
C PRINT THIS OUT JUST LIKE VECTOR FILTER

D2 = -DIMAG (SUBRUN)
IP  (D1 .EQ.O.O  . AND. D2. EQ. C.O ) D3=C.C
IF  (D 1 . EQ . 0 . 0 . AND. D2. EQ. 0 .0 )  GO TO 42

D3=DATAN2 (D2 , D 1 ) *57  . 29 58
42 CONTINUE

D4=CDA3S (SUBRUN)
IF  (D3.  LT.O .0 )  D3=D3*360 .0
PRINT 16 ,  I ,  J ,AMPB,  STPHB,D4 ,D3

16 FORM AT (1HC , ’SPEED·  , 13 ,  1X, · PROBE· , 13  , F1C . 3 ,  F 10 .  3,
6F1C.  3, F1G. 3)

SUMSQB=SUMSQB+AMPB*AMPB
2 2 CONTINUE
20 CONTINUE

PRINT 505 ,SUMSQB
505 FORMAT (1H- ,  'THE SUM OF THE AMPLITUDE SQUARES OF THE INITAL READING

6S’ , / , ’  IS ' ,F12 .4 )
C ENTER FINAL PROBE DATA
C ASUMMING THIS ORDER . . .  PROBES , SPEEDS , UNBALANCE

PRINT 27
27 FORMAT (1H- ,  ’READINGS - TRIAL WEIGHT ADDED, - -  AMPLITUDE--LAG (DEG) ' )

PRINT 28
28 FORMAT(1HO, ·  AMPLITUDE ANGLE SAME(MINU

1 S’ , / ,  ’ RUNOUT) ' )
DO 30 H = 1 ,NPLANE

C UNBALANCE PLANE INDEX
DO 40 I2=1 ,KSPEED

C SPEED INDEX
DO 50 I3=1 ,LPROBE

C PROBE INDEX
READ (4 ,55 )  AMPA, PHASEA

55 FORMAT (2F10 .  3)
STPHA=PHASEA
PH AS EA= PHAS E A/ 57 .  2 95 8
A A 1 = AMPA*DCOS ( PHASEA)
AA2=-AMPA*DS IN (PHASEA)
DA F (1 1 ,12 ,  13 )=  DC MPLX (AA1,AA2)

C SUBTRACT RUNOUT FROM THESE READINGS FOR PRINTOUT
SUBPUN=DAF (1 1 , 12  , 1 3 ) - RU ΝΟΠΤ (13)
D1=DREAL (SUBRUN)

C PRINTOUT RUNOUT CORRECTED READING LIKE VECTOR FILTER
C SUBRUN IS A REGULAR COMPLEX NUMBER. IN POLAR FORM MAKE ITS
C ANGLE THE LAG OF THE POSITIVE AMPLITUDE BEHIND THE TIMING MARK

D2 = -DIMAG (SUBFUN)
IF  (D1.  EQ. 0 .0 .  A ND. D2. EQ. 0 .0 )  D3 = 0 .0
IF  (D1.  EQ. 0 .0 .  AND. D2. EQ. 0 .0 )  GO TO 44
D3=DATAN2 (D2 ,D 1 ) *57 .  2958

44 CONTINUE
D4 = CDABS (SUBRUN)

IF (D3 .  LT .C .O)  D3 = D3+36C.O
PRINT 3 5 ,  1 2 ,  13 ,  A MPA, ST PHA, D4, D3, 11

35 FORMAT(1HO,  ’BALANCE SPEED· ,  12 , ’  PROBE · , 12 , F8.  3 , F8 . 2 ,F9  . 3,
6F8 .  2 , / ,  ’ PLANE · , 12 )

50 CONTINUE
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UO CONTINUE
30 CONTINUE

C READ IN TRIAL WEIGHT LOCATIONS
PRINT 72

72 FORM AT (1 Η - ,  2X, 'TRIAL UNBALANCES, M A GN ITU DE . . . A NGLE (DEG . ) MEASURED
6IN ' , / ,  2 X, ’ DIRECTION OF ROTATION FROM THE KEY PROBE DIRECTION·)

DO 70 1=1 ,  NPLANE
READ (U , 75) UAMP, UANG

75 FORM AT (2F l  n . 3)
PRINT 7U, I ,  UAMP, UANG

7U FORMAT (1HO,2X,  ’ BALANCE PLANE· , 13 , F1C . 3 , 2X, F1C.  3)
UANG=UANG/57 .2958
A1=UAM?*DCOS (UANG)
A2=UAMP*DSIN (UANG)
TRUNBA(I )  = DCMPLX (A 1,  A2)

70 CONTINUE
C DEFINE INFLUENCE COEFFICIENT MATRIX

IP=1
JP=1
DO 80 1=1 ,  M
DO 90 J=1 ,  NPLANE
ALPHA ( I ,  J )  = (DAF ( J ,  JP ,  IP)  - DI ( JP ,  IP)  ) /’’’RUNBA (J)

90 CONTINUE
DEFINE THE PROBE NUMBER IP AND THE SPEED NUMBER
JP  FROM THE CASE NUMBER I

IP=IP+  1
I p ( IP .  GT. LPROB E) IP=1
IF ( IP .EQ. I )  JP=JP+1

80 CONTINUE
PRINT 93

93 FORMAT (1H- ,  ’COMPLEX INFLUENCE COEFFICIENT MATRIX UNITS ARE UNITS 0
6F· , / , ·  RESPONSE DIVIDED BY UNITS OF UNBALANCE' , / 10  X, 'MAGNITUDE.  . .
6PHASE IN DEGREES ' )

DO 97 1=1 ,  M
DO 99 J=1 ,  NPLANE
B1=DIMAG (ALPHA ( I ,  J )  )
B2 = DREAL (ALPHA ( I ,  J )  )
AMP INF (J)  =CD AB S (ALPHA ( I ,  J)  )
IF (B1 .  EQ. 0 .  0 .  A ND. B 2 .  EQ. 0 .0 )  ANGINE (J )  =0 .0
IF (B1 .  EQ. 0 .0 .  AND. B2.  EQ. 0 .0 )  GO TO 60
ANGINE ( j )  = DATAN2 (B 1 , B2 ) * 57 . 2 9 58

60 CONTINUE
IF (A NG INF ( J )  .LT .  0 .  0) A NGIN F ( J ) = A NGI NF ( J)  +3 60 . 0

99 CONTINUE
PRINT 98 ,  (AMPINF (J)  , ANGINF (J)  , J= 1, NPLANE)

98 FORMAT (1 HO, 5 (8X,  F8 . 3 ,  2X, F8 . 3) )
CONTINUE

C DEFINE THE CONJUGATE TRANSPOSE INFLUENCE COEFFICIENT MATRIX
C POSTMULTIPLIED BY THE INFLUENCE COEFFICIENT MATRIX

DO 100 1=1 ,  NPLANE
DO 110 J=1 ,  NPLANE
SUM= (0 .  0 ,0  . 0 )
DO 115  11 = 1 , M
TEMP=ALPHA (11 ,1 )
TEMP=DCONJG (TEMP)

Q
 
Ο
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SU M= SUM* ALPHA (11 ,  J )  *TEMP
115  CONTINUE

SYST2 ( I ,  J )  = SUM
110 CONTINUE
100 CONTINUE

DEFINE THE VECTOR INFLUENCE COEFFICIENT CONJUGATE TRANSPOSE
MATRIX TIMES THE RUNOUT SUBTRACTED ORIGINAL VECTOR

DO 125 1=1 ,  NPLANE
SUM= (0 .0 ,0  . 0 )
IP=1
JP=1
DO 1 30 I1=1 ,M
TFMP=ALPHA (11 ,1 )
TEMP=DCONJG (TEMP)
SU M= SUM *T EM P* ( DI ( JP ,  IP)  -RUNOUT ( IP )  )

DEFINE THE PROBE NUMBER IP  AND THE SPEED NUMBER JP
FROM THE CASE NUMBER 11

IP=IP+1
I 17 ( IP .  GT. L PROB E) IP=1
IF ( IP .  EQ. 1) JP=JP+1

130 CONTINUE
CC(I )  =SUM

125 CONTINUE
TRANSFER CC INTO THE LAST COLUMN OF SYST2

DO 140 1=1 ,  NPLANE
SÏST2  ( I ,  NPLANE *1 )=CC ( I )

140 CONTINUE
SOLVE THE SIMULTANEOUS EQ. AND OBTAIN THE
CORRECTION WEIGHTS , BUT FIRST STORE SYST2

MAT=NPLANE + 1
DO 150 1=1 ,  NPLANE
DO 160 J=1 ,MAT
STOREf l ,  J )  =SYST2 ( I ,  J )

160  CONTINUE
15* CONTINUE

CALL SOLVE (SYST2 ,C ,  NPLANE)
C RESTORE SYST2 TO ITS ORIGINAL VALUE ( DESTROYED IN SOLVE)

DO 170 1=1 ,  NPLANE
DO 180 J=1 ,MAT
SYS T 2 ( I ,  J )  = STORE (I , J )

180 CONTINUE
170 CONTINUE

CALL SIMCHE (SYST2 ,C ,  NPLANE )
PRINT 200

2** FORMAT ( 1 Η- , 1X, ·♦****♦♦***♦♦***♦·*♦*♦♦♦♦♦*♦*♦♦»*♦♦**♦♦♦♦♦*♦**♦*♦»♦♦♦
6****  /2X,  ' *  CORRECTION UNBALANCES. . . ANGLES IN DEGREES MEASURED *
6 ’ , / 2X , ’*  IN DIRECTION OF ROTATION FROM KEY PROBE DIRECTION ♦·>
6 / , ·  ♦ MAGNITUDE A N GLE · , U X , » ♦ · )

DO 205 1=1 ,  NPLANE
A1 =DREAL (C ( I )  )
A2 = DIMAG(C ( I )  )
IF  (A 2.  EQ. 0 .0 .  AND. A 1 .  EQ. 0 .0 )  A 3=0 .0
IF  ( ?2 .  EQ. 0 .0 .  AND. A 1 .  EQ. 0 .0 )  GO TO 62
A3=DATAN2 (A2,  A 1) *57 .  29 58

62 CONTINUE

Q
n

 
C

i 
Q

 
Q

 
Q

 
Q
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A4=CDABS (C (I)  )
IF (A3. LT. 0 .0 )  A3=A3+360 .0
PRINT 210 ,  I ,  A4, A3

210 FOR* AT (1 HO , 1 X, ' * UNBALANCE PL AN E· , 13 ,  F1 1. 3, 7X
6 ,F7 .  3 ,4X , ·* ·  , / ,  · * ' , 53X, ' * ' )

20 5 CONTINUE
IP=1
JP = 1
DO 300 1=1 ,  M
SUM = (0 .0 ,  0 .0 )
DO 400 I1=1,NPLANE
SUM=SUM + ALPHA ( I ,H  ) *C (11 )

4 r 0 CONTINUE
SUM=SUM*DI ( JP ,  IP)
FINAL ( JP ,  IP) = SUM
IP=IP+  1
IF ( IP .  GT. LPROBE) IP=1
IF ( IP .  EQ. 1) JP=JP+1

300 CONTINUE
PRINT 450

4 5 0 FO RM AT ( 1 H — , ' ***♦♦*♦*«***♦♦ **·»»**,*»******»*♦* ♦♦♦♦  ♦*
6** ' , / ,  8X , ' RESIDUAL DISPLACEMENTS WITH CORR ECTION ' , / 9  X ,
6 'WEIGHTS ADDED INCLUDING RUNOUT')

SUMSQA=0.0
DO 475 I=1,KSPEED
PRINT 480 ,1

480 FORMAT (1H0 ,2X,  'SPEED ' , 13 )
DO 4 90 J=1 ,  LPROBE
A1 =DREAL (FINAL ( I ,  J)  )
A2 = -DIMAG (FINA L ( I ,  J) )
IF (A 2. EQ. 0 .0 .  AND. Al .  EQ. C.Q) A 3=0 .0
IF (A2. EQ.O.C .  AND.A1. EQ.0 .0 )  GO TO 64
A3 = DATAN2 ( A2 , A 1 ) *5 7 . 2 5 8

64 CONTINUE
A4=CDABS (FINAL ( I ,  J)  )
IF (A3. LT. 0 .0 )  A3=A3+360 .0
PRINT 500 ,  J ,  A4, A3

500 FO RM AT (1 HO , 2 X, ' PROBE ' , 13 ,  2X, ' MAGNITUDE · , F7 . 3 ,
63X,’LAG ANGLE (DEG) · ,  F7. 3)

SUMSQA = SUMSQA + AU*A 4
490 CONTINUE
475 CONTINUE

PRINT 5 10,  SUMS QA
510 FORMAT (1H- ,2X,  'THE SUM OF THE AMPLITUDE SQUARES OF THE · ,

6 'RESIDUAL ' , / ,  · DISPLACEMENTS IS * ,F12 .U)
S OP
END
SUBROUTINE SOLVE (S YST2 ,C ,  NORDEP.)

C THIS SUBROUTINE SOLVES THE SIMULTANEOUS EQUATIONS CONTAINED
C IN MATRIX SYST2 BY DIAGONALIZATION AND BACK SUBSTITUTIONS
C WITHOUT PIVOTING
C THIS IS ONLY GOOD FOR SYSTEMS OF ORDER NORDER-1
C SOURCE D.LI 2 /77

IMPLICIT REAL*8 (A-H,O-Z)
COMPLEX*16 DUMMY, DCONJG
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COMPLEX*16 SYST2 (15 ,15 )  ,C (10 )
NN=NORDER
MM = NORDER.+ 1
DO 100 1=1 ,  NN
K=I

15 IF (CDABS  (SYST2 (K , I )  ) . GT. 0 .  00000  1 ) GO TO 20
K = K+ 1
IF (K-NN)  15 ,15 ,200

20 IF ( I -K)  40 ,60 ,200
40 DO 50 M=1,MM

DUMM Y=SYST2 ( I ,  M)
SYST2 ( I ,M)  = SYST2 (K, M)

50 SYST2 (K, M) =DUMMY
60 11=1+1

IF ( I I .  GT. NN) GO TO 100
DO 70  N=TI ,NN
IF  (CDABS (SYST2 (N , I )  ) . LT .0 .0000  n 1 ) GO TO 70
SQ = (CDABS (SYST2  ( I ,  I )  ) ) **2
DUNN Y=SYST2 (N, I )  +DCONJG (SYST2 ( I ,  I) ) /SO
DO 80 M=1,MM
SYST2 (N,M) = SYST2 (N, M) -SYST2  (I,M)*DUMMY

70 CONTINUE
100 CONTINUE

GO TO 30 n

200 IF ( I .EQ.NN)  PRINT 500
IF ( I .LT .NN)  PRINT 510

500 FORMAT (1H , 19HMATRIX HAS ZERO ROW)
510 FORMAT(1H ,22HMATRIX HAS ZERO COLUMN)

C THE ROW REMOVED FROM THE SYSTEM IN THE MAIN PROGRAM,
C THE LAST ROW IN (LAMBDA*I-D) ) ,WAS NOT REDUNDANT
C THE DETERMINANT OF THE REMAINING SYSTEM IS  ZERO

STOP
C START BACK SUBSTITUTIONS

3 I=NN
32"  DUMMY= (0 .  0 ,0 .0 )

IF  ( I .  EQ. NN) GO TO 350
J J J= I+1
DO 330 J=J J J ,NN

330 DUMM Y=DUMM Y + SYST2 ( I ,  J)  *C (J)
350 SQ= (CDABS (SYST2 ( I ,  I )  ) ) **2

C(I )  =-  (DUMMY+S YST2 ( I ,  MM) ) *DCONJG (SYST2 (1 ,1 )  ) /SQ
1=1-1
IF ( I )  400 ,400 ,320

400 RETURN
END

C THIS ROUTINE CHECKS SOLVE (COMPLEX SIMULTANEOUS EQ SOLVER)
SUBROUTINE SIMCHE (SYST2 ,C ,  NORDER )
IMPLICIT  REAL* 8 (A- H, O-Z)
COMPLEX+16 CHECKE, SYST2 (15 ,  15)  , C (10 )
N=NORDER+1
NN=N-1
PRINT 90

9? FORMAT ( 1 HO , 10X , ’CHECK ON SIMULTANEOUS EQUATION ROUTINE’ )
DO 10 1=1 ,  NN
CHECKE= (0 .0 ,0 .0 )
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DO 20 J=1 ,NN
CHECKE = CHECKE+SYST2 ( I ,  J)  *C (J)

20 CO NT IN HE
CHECKE = CHECK F+SYST2  ( I r N)
PRINT U0, CHECKE

ao FORMAT(1H ,10X,2F15 .5 )
10 CONTINUE

RETURN
END

CÎENTRY
CSSTOP
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100 FEM
110 REM
120 REM SYSTEM ID. DVF 2 - IEEE - TEK 4051 ROTOR BALANCING.
130 REM PROGRAM ID. BALANCING — MULTI-PLANE, MULTI-PROBF, MULTI-SPEED
140 REM AUTHOR: ALAN PALAZOLLO - TRANSLATED RY COLIN ARCHIBALD.
150 REM DATE: JULY - 1981
160 REM LOCATION: NATIONAL RESEARCH COUNCIL OF CANADA
170 REH OTTAWA,  CANADA
180 REM ABSTRACT: THIS PROGRAM USES THE INFLUENCE COEFICIENT METHOD
190 REM OF MULTIPLANE BALANCING. INPUT DATA CAN BE COLLECTE1
200 REM DIRECTLY FROM THE DVF 2 OF INPUT ONTO A TAPE FILE
210 REM MANUALLY.
220 REM
230 REM
240 SET RADIANS
250 DIM R1 {6, 2) ,S1 (6,2) ,S2 (6,2)
260 DIM D 1 (6,2) ,D2 (6,2) , D3(6,2) ,D4(6, 2) ,D5(6,2) ,D6(6 ,2) ,D7(6 ,2)
270 DIM D8(6,2)  ,D9 (6,2) ,F1 (6,2) ,E2(6 ,2) , E3(6,2) ,B(6 ,2),C 1( 1 2,6) ,C2 ( 12,6)
280 PAGE
290 PRINT ”... EALANCING ROUTINE”
300 PRINT PLEASE INSERT THE DATA TAPE NOW. HIT RETURN WHEN READY.”
310 INPUT C$
320 PAGE
330 FIND 1
340 READ 333:N,I,K,L8
350 PRINT ’’PLANES”,N
360 PRINT ’’PROBES”,L
370 PRINT "SPEEDS",K
380 PRINT ’’EVEN PROBES”,18
390 FIND 2
400 PRINT 337,26: 1
410 M=L*K
420 PRINT 340:”»,,»» MULTI-PLANE MULTI-SPEED BALANCING ”
430 PRINT 340:” ==== = -======  ========  ======”====  = » » » ”
440 PRINT 340:"NUMEER OF PLANES:",N
450 PRINT 340:”NUMBER OF PROBES:”,L
460 PRINT 340:"NUMBER OF SPFEDS:",K
470 PRINT 340:"NUMBER OF MEASUR EMENTS:” , M
480 PRINT 337,26:1
490 PRINT 340:” » »R UNOUT DATA AMPLITUDE... DEGREES"
500 PRINT 337,26:0
510 IMAGE 8A, 3D,6A ,3D.2D ,1 1 D
520 FOR 1=1 TO 1
530 READ 333:P,A
540 PRINT 337,26:1
550 PRINT 340: USING 510:"PEOBE ”,A,P
560 PRINT 337,26:0
570 P=P/57.2958
580 A1=A*COS(P)
590 A2=-A*SIN  (P)
600 R1 (1,1) =A 1
610 R1(I,2)=A2
620 NEXT I
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630 REM INITIAL PROBE DATA
640 PRINT «37 ,26 :1
650 PRINT «40 : " , ,  INITIAL READINGS. . . AMPLITU DE. DEGREES»'
660 PRINT «37 ,26 :0
670 IMAGE 7 A, 2D, 7A, 2D , 6 D. 2D , 7D. 1 D
680 FOR 1=1 TO K
690 FOR J=1 TO L
700 READ 333 :P3 ,A3
710 PRINT «37 ,26 :1
720 PRINT «40 :  USING 670 : "SPEED:  " , I , "  PROBE: " ,  J ,  A3, P3
730 PRINT «37 ,26 :0
740 P3=P3 /57 .  2958
750 A4=A3*COS (P3)
760 A5=-A3*SIN (F3)
770 IF 1=2 THEN 810
780 S1 (0 ,1 )  = A4
790 S1 (0 ,2 )  =A5
800 GO TO 830
810 S2 (0 ,  1) =A 4
820 S2 (0 ,2 )=A5
830 NEXT 0
840 NEXT I
850 REM COLLECT FINAL UNBALANCE DATA
860 REM ASSUMING THIS ORDER . .  PROBES . .  SPEEDS . .  UNBALANCE..
870 PRINT «37 ,26 :1
880 PRINT «40 : " , ,  FINAL UNBALANCE DATA AMPLITUDE ANGLE"
890 FOR 11=1 TO N
900 PRINT «40 :  USING 910 : "PLANE:  « ,11
910 IMAGE L ,8A,3D
920 FOR 12=1 TO K
93 0 FOR 13=1 TO L
940 PRINT «37 ,26 :0
950 READ «33 :P4 ,A6
960 PRINT «37 ,26 :1
970 PRINT «40 :  USING 980 : "SPEED:  " , I2 , "  PRO BE: " , 13 , A 6, P 4
980 IMAGE 7 A , 2D , 9 A , 2D, 1 2D. 2 D, 9D
990 P4=P4 /57 .  2958
1000 T 1 = A6*C0S ( F 4)
1010 T2=-A6*SIN (P4)
1020 REM INTERESTING DATA STRUCTURES
1030 REM SEE VARIABLE TAELES IN PROGRAM DOCUMENTATION.
1040 GO TO I I  OF 1050 ,1130 ,1210 ,1290 ,1370 ,1450 ,1510
1050 REM PLANE 1
1060 IF 12=2 THEN 1100
1070 D1 (13 ,  1) =T1
1080 D1 (13 ,2 )  =T2
1090 GO TO 1510
1 100 D2 (13 ,  1) =1 1
1110 D2 ( I3 ,2 )=T2
1120 GO TO 1510
1130 REM PLANE 2
1140 IF 12=2 THEN 1180
1150 D3 (13 ,  1) =T1
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1160 D3(13, 2) =T2
1170 GO TO 1510
1180 D4(13, 1) =T1
1190 DU (13,2) =T2
1200 GO TO 1510
1210 REM PLANE 3...
1220 IF 12=2 THEN 1260
1230 D5(I3, 1)=T 1
1240 D5(13,2) =T2
1250 GO TO 1510
1260 D6 (13, 1) =T 1
1270 D6 (13,2)=T2
1280 GO TO 1510
1290 REM PLANE 4.
1300 IF 12=2 THEN 1340
1310 D7(13, 1)=T1
1320 D7(13,2) =12
1330 GO TO 1510
1340 D8(13,1) =T1
1350 D8(13,2) =12
1360 GO TO 1510
1370 REM PLANE 5
1380 IF 12=2 THEN 1420
1390 D9 (13, 1)=T 1
1400 D9(13,2) =T2
1410 GO TO 1510
1420 E1 (13, 1) =T1
1430 El (13,2) =T2
1440 GO TO 1510
1450 REM PLANE 6...
1460 E2(I3,1)=T1
1470 E2(13,2) =T2
1480 GO TO 1510
1490 Ξ3 (13, 1)=T 1
1500 E3(I3,2)=T2
1510 NEXT 13
1520 NEXT 12
1530 NEXT 11
1540 PRINT ¢37,26:0
1550 PAGE
1560 PRINT "PLEASE ENTER THE REST OF THE DATA AS REQUESTED. "
1570 PRINT ¢40: .UNBALANCE TEST WEIGHTS AND ANGLES."
1580 FOR 1=1 TO N
1590 PRINT "..FOR BALANCE PLANE ",I," ENTER WEIGHT: »
1600 INPUT W
1610 PRINT "SAME PLANE, ANGLE (MEASURED IN DIRECTION OF ROTATION"
1620 PRINT " FROM THE KEY PROBE MARKER):"
1630 INPUT U
1640 PRINT ¢37,26: 1
1650 PRINT ¢40: USING 1660:"PLANE: ",I,” WEIGHT: ",W," ANGLE: ",U
1660 IMAGE 7A,2D,10A, 3D.3D,1 2A,4D.2D
1670 PRINT ¢37,26:0
1680 U=U/57.2958
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1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210

A 1=W*COS (U)
A2=W*SIN (Π)
B ( I ,  1) =A 1
B (1 ,2 )  =A2
PAGE
NEXT I
X1= 1
X2 = 1
REM DEFINE INFLUENCE COEFICIENT MATRIX . . . .
FOR 1=1 TO M
FOR J=1 TO N
IF  X2=2 THEN 2060
GO TO J OF 1820 ,1860 ,1900 ,1940 ,1980 ,2020
T4 = D1 (XI  ,1)  -51  (X1 ,  1)
T5=D1 (XI  ,2)  -S1  (X1 ,2 )
GOSUB 2400
GO TO 2310
T4=D3 (X1 , 1 ) -51  (X1,  1)
T5=D3 (X1 ,2) -S 1 (X1 ,2 )
GOSUB 2400
GO TO 2310
T4=D5 (XI  ,1)  -S 1 (X1,  1)
T5=D5(X1  , 2 ) -51  (X1 , 2)
GOSUB 2400
GO TO 23 10
T4=D7 (XI ,1 )  -S I  (X1 ,  1)
T5=D7(X1  , 2 ) -S1  (X1 ,2 )
GOSUB 2400
GO TO 2310
T4=D9(X1  ,1)  -S 1 (XI , 1)
T5=D9 (X1 ,2 )  -S1 (X1 ,2 )
GOSUB 2400
GO TO 2310
T4 = E2 (X 1 ,1 )  -S 1 (XI , 1)
T5=E2 (X 1 ,2 )  -S 1 (XI  , 2)
GOSUB 2400
GO TO 2310
REM CONTINUE .SPEED 2
GO TO J OF 2030 ,2120 ,2160 ,2200 ,2240 ,2280
T4=D2 ( X 1 , 1) -S2  (X1 , 1 )
T5=D2 (X1 ,2)  -S2 (X2 ,2 )
GOSUB 2400
GO TO 2310
T4=D4 (XI  , 1 ) -S2  (XI  , 1)
T5=D4 (X 1 ,2 )  -S2 (X1 ,2 )
GOSUB 2400
GO TO 2310
T4=D6(X1 ,1 )  -S2 (X1 ,  1)
T5=D6 (XI  , 2 ) -S2  (X1 ,2 )
GOSUB 2400
GO TO 2310
T4=D8 (XI  , 1 ) -82  (XI  , 1 )
T5=D8 (X1 ,2)  -S2 (X1 ,2 )
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2220 GOSUB 2400
2230 GO TO 2310
2240 T4-E1  (XI , 1 ) -S2  (X1, 1)
2250 T5=E1 (XI , 2 ) -S2  (X1 ,2 )
2260 GOSUB 2400
2270 GO TO 2310
2280 T4 = E3 (X1 , 1) -S2  (XI,  1)
2290 T5=E3 (X1 ,2)  -S2 (X1 ,2 )
2300 GOSUB 2400
2310 REM CONTINUE
2320 NEXT J
2330 X1=X1+1
2340 IF X1< = L TEEN 2360
2350 X1 = 1
2360 IF X1O1  THEN 2380
2370 X2=X2+1
2380 NEXT I
2390 GO TO 2430
2400 C1 (1 ,3 )  = (T4*B ( J ,  1) *T5*B (3 ,2 )  ) /  (B ( J ,  1) ° 2 + B ( J ,  2) °2)
2410 C2 ( I ,  J) = (B ( J ,  1) *T5-T4*B  (3, 2) ) / (B (3 , 1) °2  + B (3 , 2) °2)
2420 RETURN
2430 PRINT •'REPLACE THE SOFTWARE TAPE NOW. HIT RETURN . "
2440 INPUT
2450 PAGE
2460 PRINT

C$

"THIS IS THE BALANCING ROUTINE. WAIT FOR RESULTS.”
2470 REM INTERFACE BETWEEN PART 1 AND PART 2
2480 FIND 7
2490 WRITE 333:  Ν , Ι ,Μ ,Κ
2500 FOR 1=1 TO L
2510 WRITE S3 3: R 1 (1 , 1) , R 1 (1 , 2)
2520 NEXT I
2530 FOR 1=1 IO M
2540 FOR 3=1 TO N
2550 WRITE 333 :C1  (1 ,3 )  ,C2( I , 3 )
2560 NEXT 3
2570 NEXT I
2580 FOR 1=1 TO K
2590 FOR 3=1 TO L
2600 IF 1=2 THEN 2630
2610 WRITE 33 3: S 1 (3 , 1) , S 1 (3 , 2)
2620 GO TO 2640
2630 WRITE 333:  S2 (3 , 1 ) , S2 (3 , 2)
2640 NEXT 3
2650 NEXT I
2660 FIND 6
2670 OLD
2680 END



50 pgM******* ♦*♦♦♦♦♦***♦***♦*♦♦*♦**♦♦♦*♦♦♦♦  **♦♦*♦♦*♦*♦*♦♦*♦*****♦**♦♦♦
55 REM
60 REM SYSTEM IE. DVF 2 - IEEE - TEK 4051 ROTOR BALANCING
65 REM PROGRAM ID. BALANCING ROUTINE PART II.
70 REM
100 REM ♦♦♦♦*♦**♦♦♦***♦♦♦♦♦**♦*♦♦♦♦*♦♦♦*♦♦♦♦***♦♦♦**♦♦**♦♦♦♦♦♦♦♦**♦♦*♦♦
110 REM INTERFACE WITH PART 1
120 DIM R 1(6,2),C1 (12,6) ,C2(12,6)
130 DIM F1 (6) ,F2(6),Z1(6,7),Z2(6,7) ,C3(6),C4(6)
140 DIM El (6,7) ,E2(6,7) ,S(2),T(2) ,S1 (6,2),52(6,2)
150 DIM V 1 (7) ,V2(7) ,F8(2,6) ,F9(2,6)
160 FIND 7
170 READ o)33: Ν,Ι,Μ,Κ
180 FOR 1=1 TO L
190 READ 33 3: R 1 (I, 1) ,R 1 (1,2)
200 NEXT I
210 FOR 1=1 TO M
220 FOR 0=1 TC N
230 READ 333;C1 (I,0),C2(I,J)
240 NEXT J
250 NEXT I
260 FOR 1=1 TO K
270 FOR 0=1 TO L
28 0 IF 1=2 THEN 310
290 READ 333: SI (0, 1) ,51 (0,2)
300 GO TO 320
310 READ 333: S2(0, 1) ,S2 (0,2)
320 NEXT 0
330 NEXT I
340 REM CONOOGATE THE TRANSPOSE »♦♦♦♦♦♦♦♦♦♦♦♦♦♦  *♦$♦♦»♦♦♦♦♦♦  *********
350 FOR 1=1 TC N
360 FOR 0=1 TC N
370 S(1)=0
380 5(2)=0
390 FOR 11=1 TO M
400 T(1)=C1 (11,1)
410 T(2) =-C2(11,1)
420 S(1 ) =S(1)+(Cl (11,0) *T(1)-C2 (11,0) *T(2))
430 S(2) =S(2) +(T (1) *C2(I1,J) +T(2)*C1(11,0))
440 NEXT 11
450 Z1 (1,0) =S (1)
460 Z2(1,0) =S(2)
470 NEXT 0
480 NEXT I
490 FOR 1=1 TC N
500 5(1)=0
510 S(2)= 0
520 X1=1
530 X2=1
540 FOR 11=1 TO M
550 T(1)=C1 (11,1)
560 T(2)=-C2(II ,1)
570 IF X2=2 THEN 630
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580 T4= S1 (X 1 , 1)-R 1 (XI ,1 )
590 T5=S1 (X1,2)-R1  (XI,2)
600 S(1) =S(1) +(T (1) *T4-T (2) *T5)
610 S(2) =S (2) +(T4*T (2) +T5*T( 1))
620 GO TO 670
630 T4=S2 (X1 , 1)-R1 (XI, 1)
640 T5=S2(XI , 2)-R1 (X1,2)
650 5(1)=5(1) +(I (1)*T4— T (2) *T5)
660 S(2) =S(2) +(T4*T (2) +T5*T (1))
670 REM CONTINUE
680 X1=X1+1
690 IF X1<=L THEN 710
700 X1 = 1
710 IF X 1 O 1  THEN 730
720 X2=X2+1
730 NEXT 11
740 C3(I) =5(1)
750 C4(I)=S(2)
760 NEXT I
770 FOR 1=1 TC N
780 Z1 (I,N+1)  =C3 (I)
790 Z2(I,N + 1) =C4 (I)
800 NEXT I
810 REM SOLVE ROUTINE.
820 N2=N
830 M2=N+1
840 N9=N
850 FOR 1=1 TC N2
860 K9=I
870 T9=ABS(SQR (2 1 (K9,I) °2+Z2(K9,I)°2) )
880 IF T9>1.0E—  6 THEN 920
890 K9=K9 + 1
900 IF K9-N2<=0 THEN 870
910 IF K9-N2>0 THEN 1230
920 IF I-K9<0 THEN 950
930 IF I-K9=0 TEEN 1030
940 IF I-K9>0 THEN 1230
950 FOR M9=1 TC M2
960 T6=Z1 (I,M9)
970 T7=Z2(I , M9)
980 Z1 (I,M9)=Z1  (K9,M9)
990 Z2 (I,M9)=Z2(K9,M9)
1000 Z1 (K9,M9)=T6
1010 Z2 (K9,M9)=T7
1020 NEXT M9
1030 12=1+1
1040 IF I2>N2 THEN 1200
1050 FOE N9=I2 TC N2
106 0 T9=ABS(SQR (ZI (N9,1)°2+ Z2(N9,I)°2))
1070 IF T 9 O . 0 E - 6  THEN 1190
1080 Q=ABS (SQR (21 (1,1)°2 +Z2 (1,1)°2) ) °2
109 0 T4 =Z1(N9 ,1) *Z1 (1,1) -Z2 (N9, I)*-Z2 (1,1)
1100 T5=Z1 (1,1) *Z2 (N9,I) +-Z2 (1,1) »Z1 (N9, I)
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1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
147 0
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630

T6=T4/Q
T7=T5/Q
FOR M9 = 1 TO M2
T4=Z1 ( I ,M9)  +T6-Z2 ( I ,M9)  *T7
T5=T6*Z2 ( I ,M9)  +T7+Z1 ( I ,M9)
Z1 (N9,M9)=Z1  (N9,M9) -T4
Z2 (N9, M9)=Z2 (N9,M9) -T5
NEXT M9
NEXT N9
NEXT I
REM CONTINUE
GO TO 1280
IF ION2  THEN 1250
PRINT 340:  MATRIX HAS ZERO ROW - - ΓΑΤΑ ERROR.”
IF I=>N2 THEN 1270
PRINT 340 :” .  .MATRIX HAS ZERO COLUMN - - DATA ERROR.”
STOP
REM START EACK SUBSTITUTIONS LABEL 300
I=N2
T6=0
T7=0
IF I = N2 THEN 1400
J 3=1 + 1
FOR J=J3  TC N2
T4 = Z1 ( I ,  J) *V1 ( J ) -Z2  ( I ,  J) *V2 (J)
T5 = V1 (J) *Z2 ( I ,  J) + V2 (J) +Z1 ( I ,  J)
T6-T6+T4
T7=T7+T5
NEXT J
Q = ABS(SQR(21 (1 ,1 )  °2+Z2 (1 ,1 )  °2) ) °2
T4=T6+Z1 ( I ,  M2)
T5=T7+Z2 ( I ,  M2)
V 1 (I)  = (-T4 + Z1 ( I ,T )  -T5+Z2  (1 ,1 )  ) / 0
V2( I )  = (Z1 ( I , I )  + -T5+22  (1 ,1 )  *T4) /Q
1 = 1 -1
IF I<=0 THEN 1480
IF I>0 THEN 1300
REM END OF SOLVE SUBROUTINE
REM THE LAST PART
PRINT 337 ,26 :1
PRINT 340 :” . .CORRECTION UN BA LANCES. . . MAGNITUDE. . . . ANGL E IN DEGREES'
PRINT 340 : "  (MEASURED IN DIRECTION OF ROTATION)"
FOR 1=1 TO N
IF V1 (I)  <>0 THEN 1600
IF V2( I )  <0 THEN 158C
A 3=90
GO TO 1710
A 3=270
GO TO 1710
IF V1( I )<>0  AND V2( I )<>0  THEN 1630
A 3=0
GO TO 1710
IF V1 (I)  =>0 THEN 1660



PAGE 4

1640
1650
166 0
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
21 10
2120
2130
2140
2150
2160

A3=ATN (V2( I ) /V1  (I) ) *57 .2958+180
GO TO 1700
IF V2 (I)  <0 THEN 1690
A3=ATN (V2( I ) /V1  (I) ) *57 .2958
GO TO 1700
A3=ATN ( V2 (I)  /V 1 (I) ) *57 .2958+360
REM CONTINUE
REM CONTINUE
A4=ABS (SQR ( V 1 (I)  °2+V2 (I)  °2) )
IF A3=>0 TEEN 1760
A3=A3+360
IMAGE 7 A , 2D , 1 2A , 3D . 3D, 8 A , 8 D. 2D
PRINT 340:  USING 1 7 50 : ’’PLANE: ” , I ,  " MAGNITUDE: " , A4 , " ANGLE:", A3
NEXT I
X1 = 1
X2=1
FOR 1=1 TO M
S(1 )=0
S (2) = 0
FOR 11=1 TC N
S (1) =S (1) + (C1 (1 ,11 )  *V1 (11) -C2( I , I1 )  *V2 (11) )
S (2 )=S  (2) + (V1 (11) *C2( I , I1 )  + V2 (1 1) *C 1 (I , 1  1) )
NEXT 11
IF X2=2 THEN 1910
S (1 )=S  (1) + S1 (X1 ,1 )
S (2) =S (2 )+S1  (X1 ,2 )
GO TO 1930
S(1 )=S  (1 )+S2(X1 ,1 )
S (2) =S (2) +S2 (X 1 , 2)
REM CONTINUE
F8 (X2, X1)=S (1)
F9 (X2 ,X1)  = S (2)
X1=X1+1
IF X1<=L THEN 1990
X1 = 1
IF X1O1 THEN 2010
X2=X2+1
NEXT I
PRI ®40: RESIDUAL DISPLACEMENTS WITH CORRECTION WEIGHTS ADDED'
PRINT ô)40: " INCLUDING RUNOUT."
REM LABEL 450
Q1 = O
FOR 1=1 TO K
IMAGE L ,6A,3D
PRINT 3)40: USING 2070 : "SPEED " , I
FOR J=1 TO L
A1 = F8 ( I ,  J)
A2=-F9  ( I ,  J)
IF A1<>0 TEEN 2150
A 3=0
GO TO 2220
IF  A1=>O TEEN 2180
A3=ATN (A2/A1)  *57 .2958+180
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GO TO 2220
IF A2<0 THEN 2210
A3=ATN (A2/A1)  *57 .  29 58
GO TO 2220
A3=ATN (A2/A1)  *57 .2958+360
REM CONTINUE
REM CONTINUE
A4=ABS (SQR (F8 ( I ,  J) °2 + F9 ( I ,  J) °2) )
IF A3=>0 TEEN 2280
A3=A3+360
IMAGE 6 A , 2Γ , 1 1 A, 3D. 3D, 17A, 4D. 2D
PRI 340 :  USI 2270 :  "PROBE " , J ,  " MAGNITUD E " ,A4 , "LAG ANGLE (DEG) " ,A3
Q1=Q1+A4°2
NEXT J
NEXT I
PRINT 340:  THE SUM OF THE AMPLITUDE SQUARES OF THE RESIDUAL'
IMAGE 24A,3E
PRINT 340 :  USING 2330 : "  DISPLACEMENTS IS : " ,Q1
PRINT RUN COMPLETE"
PRINT 337 ,26 :0
END

2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370


