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RESUME :

DIAGNOSTIC D'UNE MACHINE TOURNANTE PAR LA METHODE DE MESURE DU
SPECTRE DE VIBRATION.

CE PROJET A POUR BUT ESSENTIEL DE METTRE EN EVIDENCE LES DIFFE-
RENTS OUTILS MATHEMATIQUES NECESSAIRES POUR ETABLIR UN DIAGNOS-
TIC D'UNE MACHINE TOURNANTE PAR LA METHODE DE MESURE DU SPECTRE
DE VIBRATION, METTRE AU POINT UN PROGRAMME SIMPLE ET EFFICACE
PERMETTANT LA REPRESENTATION GRAPHIQUE DE CE SPECTRE.

SUBJECT :

ABSTRACT :

DIAGNOSIS OF A ROTATING MACHINE VIA THE MEASURE OF THE POWER
SPECTRA VIBRATION METHOD.

IN THIS PROJECT THE APPLICATION OF POWER SPECTRA FOR MACHINE
DIAGNOSTICS WAS STUDIED. A VIBRATION SIGNAL ANALOG RECORDING HAS
BEEN PRESENTED IN SAMPLED FORM. USING THIS DIGITAL DATA ABTAIN
THE POWER SPECTRUM. THE COMPUTATION PROCEDURE HAS BEEN DEVELOPPE
AND APPLIED TO DIAGNOSIS OF AN ELECTRICAL MOTOR.
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LES ALGORITHMES DE LA
TRANSFORMEE DE FOURIER RAPIDE
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!!.IST

L3 REM *®xxxdkikx PRPRT | kdkhdkkk

5 REM ***** COOLEY & TUKEY *¥**

10 KEYOFF

20 SCREENI

30 SCREENO

40 CLS

50 FOR I = 1 TO 3: PRINT : NEXT

60 PRINT " VOTRE FONCTION EST-ELLE CONNUE"
70 PRINT ™ ANALYTIQUEMENT 2?2

80 FOR I = 1 TO 15: PRINT : NEXT

90 PRINT ™ REPONDEZ PAR O/N ™

100 AS - INKEYS: IF AS < > ™0™ AND AS < > "N THEN 100
110 IF AS = "O" THEN 280

120 CLS

130 FOR I - 1 TO 5: PRINT : NEXT

140 INPUT "DONNER LA VALEUR DE N:";N
150 FOR I = 1 TO 3: PRINT : NEXT

160 INPUT "DONNER LA VALRUR DE T1";T1
170 PI = 3.141592654

180 R INT ( LOG (N) /7 LOG (2))

190 DINM XR(N),M(R),K(R)

200 DIM XI(N)

210 DIM G(N)

220 FOR 1 = 0 TO N— 1

230 INPUT XR(I)

240 XI(I) = O

250 NEXT 1

260 GOTO 430

270 FOR I = 1 TO 3: PRINT : NEXT

280 CLS: PRINT "ECRIRE VOTRE NOUVELLE FONCTION A LA LIGNE 400"
290 PFOR I = 1 TO 3: PRINT : NEXT

300 PRINT "GOTO 310":EDIT400

310 PI = 3.141592654

320 CLS

330 FOR I = 1 TO 3: PRINT : NEXT

340 INPUT "DONNER LA VALEUR DE N™;N
350 FOR I - 1 TO 3: PRINT : NEXT

360 INPUT ""DONNER LA VALEUR DE T1";T1
370 R = INT ( LOG (N) / LOG (2))

380 DIM XR(N) ,XI(N), G(N) M(R) , K(R)
330 FOR1 - 0O TON - 1

400 XR(I) - EXP ( =25 * 1)

410 XI(I) - O

420 NEXT 1

430 FM = ABS (XR(0))

440 FOR I - 0O TON - 1

450 IF PM < ABS (XR(I)) THEN FM = ABS (XR(I))
A60 NEXT 1

470 GOSUB 1160

480 FOR 1 0 TON - 2

490 LINE(I ,XR(1)) CIo= 1 XRGE + 19
500 NEXT I

510 N2 = N / 2

520 NU1L R 1

530 FOR L — 1 TO R

540 K = 0O



JLIST

550
560
570
580
590
600

M= INT (K / (2"
GOSUB 740

FOR 1 = 1 TO N2
XR(K)
X1(K)

COS (2 * PI *
N2)

COS (2 * PI *
+ N2)
XR(K)
X1(K)
XR(K + N2)
XI(K + N2)
K=K+ 1

670 NEXT I

680 K = K + N2

690 IF K < (N — 1) THEN 550
700 N2 = N2 / 2

710 NU1 = NU1 - 1

720 NEXT L

730 GOTO 840

740 KJ = N

750 P = 0

760 FOR 1J = 1 TO R

770 KJ = KJ / 2

780 IF M < KJ THEN M(1J) =
790 M(1J) = 1
800 M = M - KJ
810 P = P + (2 -
820 NEXT 1J
830 RETURN
840 FOR K =
850 JL = K
860 1 = 0
870 KL = N
880 FOR IL = 1 TO R
890 KL = KL / 2
900 IF JL < KL THEN K(IL) =
910 K(IL) = 1
920 JL = JL - KL
930 I = 1 + (2 ~ (IL - 1)) * K(IL)
940 NEXT IL
950 IF 1 < = K THEN 1020
960 TR = XR(K)
970 XR(K) = XR(I)
980 XR(1) = TR
990 TI = XI(K)
1000 XI(K) = XI(I)
1010 XI1(1) = TI
1020 NEXT K
1030 FOR 1 =
1040 G(I) = ((XR(I)
1050 NEXT I
1060 B = ABS (G(0))
1070 FOR I = 0 TO N - 1
1080 IF B > = BABS > =
1090 B = ABS (G(I))

NU1))

=110

610 P / N) * XI(K + N2)

ORI >» A

.620
630
640
650
660

+ B
+

T
A
2

i

0: GOTO 810

1

(IJ - 1)) * M(1J)

0O TON -1

0: GOTO 930

I n

0O TON -1

P/ N) * XR(K + N2) +

SIN (2 * PI * P / N) * XI(

SIN (2. PI * P / N) * XR(

= 2) & (XI(I) ~ 2)) * 2 *T1l / N

ABS (G(I)) THEN 1100




LIST

1100 NEXT 1

1310 GOSUB 1300

1120 FOR I = 0 TON / 2 - 1

1130 LINE(L,G(I)) — (I + 1,G(1 +# 1))

1140 NEXT I

1150 LOCATE 2,2: END

1160 CLS

1170 KEY OFF

1180 SCREEN 3
1190 LINE(O0,0) - (639,399).,1,B

1200 LOCATE 2,2: PRINT "f(k)"

1205 LOCATE 15,2: PRINT "G(n)"

1210 LOCATE 7.,72: PRINT "k"

1215 LOCATE 23,72: PRINT n"

1220 ,ocATE 13,16: PRINT "FIG 1 : SIGNAL D ENTREE f(k)"
1230 ,oCATE 25.15: PRINT “FIG(2) DENSITE SPECTRALE DE PUI1SSANCE G(n)"
1235 LINE(0,0) - (639,399),1,B

1240 LINE(1,205) - (638,205)

1250 VIEW(15,5) — (634,165)

1260 WINDOW( - 10, — 1.25 * FM) - (N + 10,1.25 * FM)
1270 LINE( - 10,0) — (N + 10,0)

1280 LINE(O, - 1.25 * FM) - €0.1.25 * EN)

1290 RETURN d

1300 VIEW(Y,210) - (634,375)

1310 WINDOW( - 5, — .25 * B) - (N / 2 +5,1.25 * B)
1320 LINE( - 5,0) - (N / 2 + 5,0)

1330 LINE(O, - .25 * B) - (0,1.25 * B)

1340 RETURN




ILIST

0 REM *X*X*xxxx PRT 2 *xXxxxxx*
5 REM *****COOLEY & TUKEY****
10 KEY OFF
20 SCREEN 1
30 SCREEN O

40 CLS

50 FOR I = 1 TO 3: PRINT : NEXT

60 PRINT " VOTRE FONCTION EST-ELLE CONNUE™
70 PRINT " ANALYTIQUEMENT 2™

80 FOR I =1 TO 15: PRINT : NEXT

90 PRINT " REPONDEZ PAR O/N ™

100 AS - INKEYS: IF AS < > 0" AND As < > "N THEN 100
110 IF AS = O™ THEN 280

120 CLS

130 FOR I = 1 TO 5: PRINT : NEXT

140 INPUT "DONNER LA VALEUR DE N:";N
150 FOR I = 1 TO 3: PRINT : NEXT

160 INPUT "DONNER LA VALEUR DE T1";Tl
170 PI = 3.141592654

180 R = INT ( LOG (N) / LOG (2))
190 DIM XR(N) ,M(R) ,K(R)

200 DIM XI(N)

210 DINM G(N)

220 PFOR I = O TON - 1

230 INPUT XR(I)

240 XI1(1) = O

250 NEXT 1

260 GOTO 430

270 FOR I = 1 TO 3: PRINT : NEXT

280 CLS: PRINT "ECRIRE VOTRE NOUVELLE FONCTION A LA LIGNE 400"
290 FOR I = 1 TO 3: PRINT : NEXT

300 PRINT "GOTO 310":EDIT400

310 PI = 3.141592654
320 CLS

330 FOR I = 1 TO 3: PRINT : NEXT

340 INPUT "DONNEZ LA VALEUR DE N";N

350 FOR I = 1 TO 3: PRINT : NEXT

360 INPUT "DONNEZ LA VALEUR DE T1";T1

370 R = INT ( LOG (N) / LOG (2))

380 DIM XR(N),XI(N),G{(N) M(R) K(R)

390 FOR I = 0 TON - 1

400 ¥R(I) = €0S (2 *= PI *'1 / 8)

410 XI(I) = 0O

420 NEXT I

430 FM ABS (XR(0))

440 FOR I = 0 TO N 1

450 IF FM < ABS (XR(I)) THEN FM = ABS (XR(I))
460 NEXT I

470 GOSUB 1090

A80 FOR I = 0TON - 2

490 LINE(I,XR(I)) - (I + 1,XR(I + 1))

500 NEXT I

510 FOR I = NTO 1 STEP - 1
520 XR(I1) = XR(I - 1)
530 XI(I) = XIKI - 1)

540 NEXT 1



JLIST

550
570
580
590
600
610
620
630
640

© 650
660
670
680
690
700
710

720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870

880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110

GOSUB 800

FOR L =

1 TO R

REP = 2 - L
ARG = 2 * PI / REP
DISP = REP / 2

FOR J = 1 TO DISP
TWF = (J - 1) * ARG
C = COS (TWrF)
S = SIN (TWF)
FOR K = J TO N STEP REP
Jz = K + DISP
T3 = C * XR(J2) + § * XI1(J2)
T2 = — § ® XRGIZ) + € * X[¢I2)
XR(J2) = XR(K) - T3
X1(J2) = XI(K) T2
XR(K) = XR(K) + T3
X1(K) = XI<K) + T2
NEXT K
NEXT J
NEXT L
FOR I =1 TO N
G(I = 1) = (CERCI). = 2) HU(XI(L) — 2% > 2 = T) / N
NEXT I
GOTO 990
NDZ2 = N / 2
NMl = N - 1
J = 1
FOR I = 1 TO NM1
IF I > = J THEN 910
T4 = XR(J)
XR(J) = XR(I)
XR(I) = T4
TS = XI{J)
XI(J) = XI(1)
RLCEN=2TS
K = ND2
IF K > = J THEN 960
J =J - K
K=K/ 2
GOTO 920
J=J + K
NEXT I
RETURN
B = ABS (G(0))
FOR I = 0 TON - 1
IF B > = ABS (G(I)) THEN 1030

B = ABS (G(1))

NEXT 1

;OSUB 1260
0TON/ 2 -1
LINECI ,G(T)) -

FOR I

NEXT I

LOCATE 2,2: END

CLS
KEY OFF
SCREEN

3

(I + 1,G<1 + 1))



ILIST

1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

LINE(O,0) (639,399),1,B
LOCATE 2,2: END
LOCATE 15,2: PRINT "f(k)"
LOCATE 7,72: PRINT "k"
LQCATE 23,72: PRINT "n™
LQCATE 13,16: PRINT "FIG 1 : SIGNAL D ENTREE f(k)"
LQGATE 25,15: PRINT "FIG(2) DENSITE SPECTRALE DE PUISSANCE G(n)"
LINE(O,0) - (639,399),1,B
LINE(1,20%) - (638,205)
VIEW(15,5) - (634,165)
WINDOW¢( - 10, - 1.25 * FM) - (N + 10,1.25% * FM)
LINE( - 10,0) - (N + 10,0)
LINE(O, 1.25 * FM) - (0,1.25 * FM)
RETURN
VIEW(5,210) (634 ,375)
WINDOW¢( - 5, - .26 * B) - (N / 2 + 5,1.25 * B)
LINE(C - 5,0) - (N / 2 + 5,0)
LINE(O, - .25 * B) - (0,1.25 * B)
RETURN



JLIST

10 REM **sxxxxick 1HPT PAR LA NETHODE EFT Sf*aftxthrs
20 REM **xxxxxxxxxx*x COOLEY & TUKEY ***%xxisxs¥ix
30 HOME

40 INPUT "DONNER LA VALEUR DE N:":N

50 R = LOG (N) / LOG (2)

60 DIM XR(N),XI(N),G(N),M(R),K(R)

70 FOR 1 = 0 TON - 1

80 INPUT XR(I)

90 XI(I) =0

100 NEXT 1

110 GOSUB 450

120 N2 = 1

130 NU1 = O

140 FPOR L = R TO 1 STEP - 1

150 K = O

160 M = INT (K / (2 =~ NU1l))

.170 GOSUB 350

180 FOR I =1 TO N2

190 T = XR(K) - XR{(K + N2)
200 A = XI(K + N2) - XI(K)
210 B = (XR(K) + XR(K + N2)) / 2
220 C = (XI(K) + XI(K + N2)) / 2

230 XR(K) = B

240 XI(K) = C

250 XR(K + N2) = (T * COS (2 *PI * P/ N) +&* SIN(2*PL* P/ N))
/ (2 * (( COS (2 *PI *P /N = 2) + ¢ SGIN(2*PI *P /N ~ 2)))

260 XI(K + N2) = (T * SIN (2 *PI *P / N) - A* COS (2 *PI *P/ N))
[/ (2 * (CCOS (2 *PI *P/N) ~2) + ( SIN(2*PI P/ N) ™ 2)))

270 K = K + 1

280 NEXT 1

290 K = K + N2

300 IF K < (N - 1) THEN 160

310 N2 = 2 * N2

320 NU1 = NU1 + 1

330 NEXT L

340 GOTO 650

350 KJ = N

360 P = O

370 FOR IJ =1 TO R

380 KJ = KJ / 2

390 IF M < = KJ THEN M(IJ) = 0O: GOTO 420
400 M(1J) = 1

410 M = M - KJ

420 P = P + (2 =~ (1J - 1)) * M(1J)
430 NEXT 1J

440 RETURN

450 FOR K = 0 TON - 1

460 JL = K
470 1 = O
480 KL = N

490 FOR IL =1
500 KL = KL / 2
510 1IF JL < =
520 K(IL) = 1
530 JL = JL - KL

TO R

KL THEN K(IL) = 0: GOTO 540



JLIST

540
550
560
570
580
590
600
610
620

630
640
650
660
670
680
690
700

-710
720
730
740
750
760
770
780
790
800

L =1 + (Z  C¢IL — 1)) * K(UEL)
NEXT IL
IF 1T < = K THEN 630
TR = XR(K)
XR(K) = XR(I)
XR(I) = TR
TI = XI(K)
XI(K) = XI(I)
XI(I) =TI
NEXT K
RETURN
FOR I =0TON -1
G(I) = XR(I) * N
NEXT 1
B = ABS (G(0))
FOR J = O TON - 1
IF B> = ABS (G(J)) THEN 720
B = ABS (G(J))
NEXT J
HOME
HGR2
HCOLOR=
EX = 270 N
EY = S0/ B
FOR I = 0O TON - 2
HPLOT I * EX
NEXT 1

~w

,90 - (G(I) * EY) TO (I + 1) * EX,90 - (G(I + 1) * EY)
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