
.2bB;M Q7 � #B/B`2+iBQM�H TQr2` +?�`;2` iQ b2`p2 7Q`
bK�`i +`Qr/@#�b2/ ;`B/ bi�#BHBb�iBQM

12b?i� am`2b?- :B`iQM *QHH2;2
.vbQM "m`b�`v S`QD2+i amKK�`v

R AMi`Q/m+iBQM
h?2 ;`QrBM; M22/ 7Q` 2H2+i`B+Biv Bb TmiiBM; �M BM+`2�bBM; #m`/2M QM i?2 2MpB`QMK2MiX hQ

K22i i?2 ;Q�H Q7 �+?B2pBM; M2i@x2`Q 2KBbbBQMb #v ky8y- +QmMi`B2b �`2 MQr T`BQ`BiBxBM; i?2 mb2
Q7 `2M2r�#H2 2M2`;v bQm`+2bX >Qr2p2`- BMi2;`�iBM; � ?B;?2` T`QTQ`iBQM Q7 `2M2r�#H2 2M2`;v
BMiQ i?2 TQr2` bvbi2K rBHH TQb2 �//BiBQM�H +?�HH2M;2b- +QMbB/2`BM; i?2 2tBbiBM; Bbbm2b rBi?
�;BM; BM7`�bi`m+im`2 �M/ i?2 `BbBM; /2K�M/ 7Q` 2H2+i`B+BivX

avbi2K BM2`iB� Bb � +`m+B�H T�`�K2i2` 7Q` i?2 bvM+?`QMBx2/ QT2`�iBQM Q7 KQ/2`M TQr2`
bvbi2KbX h?2 BM2`iB� T`2b2Mi BM i`�/BiBQM�H `Qi�iBM; K�bb2b Q7 bvM+?`QMQmb ;2M2`�iQ`b �M/
im`#BM2b ?2HTb `2;mH�i2 i?2 bvbi2KǶb 7`2[m2M+v BM `2bTQMb2 iQ BK#�H�M+2b BM TQr2` bmTTHv �M/
/2K�M/X h?Bb K2�Mb i?�i �Mv 7`2[m2M+v /2pB�iBQM Bb +QKT2Mb�i2/ #v i?Bb `Qi�iBM; K�bbX
6`QK i?2 T2`bT2+iBp2 Q7 i?2 TQr2` bvbi2K- /2+2Mi`�HBx2/ `2M2r�#H2 2H2+i`B+Biv ;2M2`�iBQM �+ib
/Bz2`2MiHv iQ i`�/BiBQM�H +2Mi`�HBx2/ 7�+BHBiB2bX h?2b2 bQm`+2b �`2 Q7i2M BMi2`KBii2Mi �M/ H�+F
i?2 �#BHBiv iQ +QMi`B#mi2 iQ i?2 bvbi2KǶb BM2`iB� /m2 iQ i?2B` /Bb+QMM2+iBQM 7`QK i?2 ;`B/X

h?mb- M2r bi`�i2;B2b 7Q` +QMp2`i2` +QMM2+i2/ ;2M2`�iBQM �`2 /2p2HQT2/ iQ +QK#�i i?Bb
T`Q#H2K #v T`QpB/BM; pB`im�H BM2`iB�X AM i?Bb +QMi2ti- i?2 /2bB;M Q7 � #B/B`2+iBQM�H TQr2`
+?�`;2` 7Q` bK�`i +`Qr/@#�b2/ ;`B/ bi�#BHBx�iBQM 2K2`;2b �b � T`QKBbBM; bQHmiBQMX h?Bb `2@
TQ`i T`2b2Mib i?2 /2bB;M T`BM+BTH2b �M/ F2v 72�im`2b 7Q` �M �+iBp2 7`QMi@2M/ +QMp2`i2` Q7 bm+?
� +?�`;2`- 7Q+mbBM; QM Bib �#BHBiv iQ #�H�M+2 TQr2` bmTTHv �M/ /2K�M/ r?BH2 2Mbm`BM; ;`B/
bi�#BHBivX h?2 #B/B`2+iBQM�H TQr2` +?�`;2` b2`p2b �b � +`m+B�H HBMF #2ir22M i?2 ;`B/- 2H2+i`B+
p2?B+H2b- �M/ `2M2r�#H2 2M2`;v bQm`+2bX Ai 2M�#H2b 2H2+i`B+ p2?B+H2b iQ MQi QMHv +QMbmK2 2M@
2`;v 7`QK i?2 ;`B/ #mi �HbQ �+i �b 2M2`;v bQm`+2b- BMD2+iBM; TQr2` #�+F BMiQ i?2 ;`B/ r?2M
M22/2/ iQ K�BMi�BM +QMbi�Mi 7`2[m2M+v �M/ pQHi�;2X

h?Bb T�T2` T`2b2Mib +HQb2/ HQQT +QMi`QH /B�;`�Kb 7Q` bm+? bvbi2Kb rBi? ?v#`B/ +m``2Mi
+QMi`QH �`+?Bi2+im`2 iQ `2;mH�i2 i?2 ;`B/ pQHi�;2 �M/ 7`2[m2M+vX h?2 `2bmHib Q7 � i?`22 T?�b2
i?`22 H2; bvbi2K- �M/ i?`22 T?�b2 7Qm` H2; bvbi2K ?�p2 #22M bBKmH�i2/ 7Q` /Bz2`2Mi b+2M�`BQbX
h?2 `2bmHib b?Qr i?�i i?2 ?v#`B/ +m``2Mi +QMi`QH bvbi2K ?�b BM+`2�b2/ �/p�Mi�;2 BM #`BM;@
BM; #�+F i?2 ;`B/ iQ i?2 /2bB`2/ QT2`�iBM; p�Hm2b [mB+FHv rBi? QMHv � K�tBKmK 7`2[m2M+v
/2pB�iBQM Q7 0.25HzX h?2 mb2 Q7 /`QQT +QMi`QH �M/ ;`B/@7Q`KBM; �`+?Bi2+im`2 �HbQ BKT`Qp2/
i?2 bi�#BHBiv Q7 i?2 bvbi2KX >Qr2p2`- i?2 ;`�T?b 7Q` i?2 9@H2; bvbi2K /B/ MQi im`M Qmi iQ #2
T2`72+iHv bKQQi? /m2 iQ Bbbm2b rBi? imMBM; i?2 T�`�K2i2`bX

h?2 `2TQ`i �HbQ T`2b2Mib i?2 ?�`/r�`2 iQTQHQ;v Q7 � S*" +B`+mBiX h?Bb #Q�`/ Bb +QMM2+i2/
iQ �M G*G }Hi2` �M/ HQ�/- �M/ i?2M i2bi2/ �i HQr pQHi�;2bX h?2 i?`22 T?�b2 QmiTmi �;`22b

R



rBi? i?2 bBKmH�iBQM `2bmHib �M/ ?2M+2 T`Qp2b i?�i i?2 /2bB;M2/ T`QiQivT2 rQ`Fb r2HHX h?2
M2ti bi2Tb iQ i?Bb T`QD2+i rBHH #2 iQ i2bi � +QKTH2i2 i?`22@T?�b2 +HQb2/ HQQT bvbi2K- �M/ i?2M
BKTH2K2Mi Bi �i ?B;? pQHi�;2X

k �TT`Q�+?
6B;m`2 R b?Qrb � ?B;? H2p2H Qp2`pB2r Q7 i?2 +QMi`QH �`+?Bi2+im`2X Ai +QMbBbib Q7 �M Qmi2`

HQQT rBi? /`QQT +QMi`QH- 7`2[m2M+v �M/ pQHi�;2 bmTTQ`iX h?Bb Bb i?2M +QMM2+i2/ iQ �M BMM2`
HQQT r?B+? ?�b +�b+�/2/ SA +QMi`QHH2`bX h?Bb BMM2` HQQT Bb 2bb2MiB�H iQ T`2p2Mi /�K�;2 iQ i?2
+QMp2`i2` +�mb2/ #v Qp2`+m``2MiX h?2 oa: QT2`�i2b �b � #H�+F@#Qt- 2M�#HBM; i?2 i`�Mb72` Q7
�+iBp2 �M/ `2�+iBp2 TQr2` #2ir22M i?2 K�BM ;`B/ �M/ Bib i2`KBM�HbX

6B;m`2 R, *QMi`QH �`+?Bi2+im`2

6B;m`2 k b?Qrb i?2 j. pB2r Q7 i?2 S*" /2bB;MX q2 iQQF +�`2 iQ b2i � +H2�`�M+2 Q7
�i H2�bi 2.3mm #2ir22M /Bz2`2Mi +B`+mBi ;`QmTb- rBi? �TT`QT`B�i2 rB/i?b Q7 i?2 i`�+F iQ
rBi?bi�M/ H�`;2 +m``2MibX q2 �HbQ �//2/ � G*G }Hi2`X AM Q`/2` iQ �pQB/ `2bQM�M+2 T`Q#H2K-
i?2 `2bQM�M+2 7`2[m2M+v Q7 i?2 }Hi2` r�b b2i iQ HB2 #2ir22M Ryf; �M/ yX8fbrX

k



U�V 6`QMi bB/2 Q7 S*" H�vQmi

U#V "�+F bB/2 Q7 S*" H�vQmi

6B;m`2 k, j. pB2r Q7 S*"

j J�BM _2bmHib
q2 bBKmH�i2/ i?2 HQ�/ pQHi�;2 �M/ +m``2Mi- r?B+? Bb /BbTH�v2/ #v 6B;m`2 jX h?2 T2�F

p�Hm2 Q7 i?2 HQ�/ pQHi�;2 Bb �HbQ 2[m�H iQ 250V- rBi? � T2�F HQ�/ +m``2Mi p�Hm2 Q7 1.5AX h?2
h>. 7Q` i?2 HQ�/ K2�bm`2K2Mib r�b i?2M +�H+mH�i2/ iQ #2 2[m�H iQ yXReW 7Q` #Qi? pQHi�;2
�M/ +m``2MiX �Hi?Qm;? i?2`2 Bb MQ M�iBQM�H bi�M/�`/ 7Q` h>.- �++Q`/BM; iQ A111 ai�M/�`/
8RN- i?2 h>. K2�bm`2K2Mi b?QmH/ #2 H2bb i?�M 8W (R)X aBM+2 i?2 h>. Bb H2bb i?�M 8W BM
#Qi? +�b2b- Bi +�M #2 +QM+Hm/2/ i?�i i?�i i?2 bvbi2K ?�b ?B;? TQr2` 7�+iQ`- HQr T2�F +m``2Mib-
�M/ ?B;? 2{+B2M+vX

h?2 MQKBM�H ;`B/ 7`2[m2M+v BM i?2 lE Bb 50HzX .m2 iQ ?BbiQ`B+�H `2�bQMb- �HH 2H2+i`B+�H

j



6B;m`2 j, aBKmH�iBQM Q7 HQ�/ pQHi�;2 �M/ +m``2Mi

�TTHB�M+2b BM i?2 lE �`2 /2bB;M2/ iQ rQ`F �i i?Bb 7`2[m2M+v rBi? p2`v HBiiH2 iQH2`�M+2 BM
/2pB�iBQMX h?mb- Bi Bb p2`v BKTQ`i�Mi iQ +QMbi�MiHv KQMBiQ` i?2 7`2[m2M+v �M/ 2Mbm`2 i?�i
i?2 7`2[m2M+v Bb rBi?BM QM2 T2`+2Mi U0.5HzV Q7 50Hz (k)X

6B;m`2 9, aBKmH�iBQM Q7 oa: 7`2[m2M+v

6B;m`2 9 b?Qrb i?2 i�`;2i 7`2[m2M+v Q7 50Hz �M/ i?2 7`2[m2M+v Q7 i?2 oa: bvbi2KX
AMBiB�HHv- i?2 7`2[m2M+v /2pB�i2b iQ � K�tBKmK Q7 50.06HzX h?2M- �i 0.125 s- i?2 /`QQT +QM@
i`QHH2` Bb �+iBp�i2/X h?Bb #`BM;b i?2 7`2[m2M+v #�+F iQ i?2 /2bB`2/ `272`2M+2 7`2[m2M+vX q2
�HbQ /2bB;M2/ � T`BMi2/ +B`+mBi #Q�`/X h?2M- i?2 S*" #Q�`/ r�b i2bi2/ mbBM; �M G*G }Hi2`
rBi? �M BMTmi .* Q7 5V �M/ 10⌦ `2bBbiQ` HQ�/ 7Q` 2�+? T?�b2X 6B;m`2 8 b?Qrb i?2 QmiTmi Q7
i?2 i?`22 T?�b2b K2�bm`2/ �i i?2 HQ�/ rBi? `2bT2+i iQ ;`QmM/X
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6B;m`2 8, h?`22 T?�b2 QmiTmi �i HQ�/ 7Q` �M BMTmi pQHi�;2 Q7 5V

9 *QM+HmbBQM
h?2 +QMi`QH HQQT /B�;`�Kb �M/ bBKmH�iBQMb T`2b2Mi2/ BM i?Bb `2TQ`i /2KQMbi`�i2 i?2

+?�`;2`Ƕb �#BHBiv iQ K�BMi�BM bi�#BHBivX Ai `2bTQM/b r2HH iQ #2BM; +QMM2+i2/ iQ HQ�/ �b r2HH �b
/B`2+iHv iQ i?2 ;`B/X h?2 bBKmH�iBQM KQ/2H mb2b � ?v#`B/ +m``2Mi +QMi`QH bvbi2K +QMbBbiBM;
Q7 pB`im�H BKT2/�M+2 �M/ +m``2Mi b�im`�iBQM iQ K�BMi�BM i?2 pQHi�;2 �M/ +m``2Mi �i +QMbi�Mi
bBMmbQB/�H H2p2HbX h?2 j@T?�b2 bvbi2K T2`7Q`K2/ p2`v r2HH rBi? � iQi�H ?�`KQMB+ /BbiQ`iBQM
BM i?2 ;`B/ pQHi�;2 Q7 Dmbi yXjWX h?2 K�tBKmK 7`2[m2M+v /2pB�iBQM r�b �HbQ mT iQ 50.06HzX
h?2b2 }M/BM;b p�HB/�i2 i?2 2z2+iBp2M2bb Q7 i?2 T`QTQb2/ /2bB;M BM KBiB;�iBM; 7`2[m2M+v /2@
pB�iBQMb �M/ T`QpB/BM; pQHi�;2 bi�#BHBivX

h?2 ?�`/r�`2 BKTH2K2Mi�iBQM Q7 i?2 �+iBp2 7`QMi@2M/ +QMp2`i2` i?`Qm;? S*" /2bB;M- +Qm@
TH2/ rBi? i?Q`Qm;? i2biBM;- ;m�`�Mi22b Bib 7mM+iBQM�HBiv �M/ `2HB�#BHBivX a�72iv K2+?�MBbKb
BMi2;`�i2/ BMiQ i?2 /2bB;M T`Qi2+i �;�BMbi 2H2+i`B+�H 7�mHib- Qp2`+m``2Mi- �M/ Qp2`pQHi�;2 +QM@
/BiBQMb- 2Mbm`BM; mb2` b�72iv �M/ 2[mBTK2Mi T`Qi2+iBQMX h?2 S*" r�b i2bi2/ 7Q` mbBM; �
bBKTH2 QT2M@HQQT +QMi`QH bvbi2K �i pQHi�;2b #2HQr 60V- �M/ Bi T2`7Q`K2/ �b 2tT2+i2/ 7`QK
bBKmH�iBQMbX q2 �HbQ i2bi2/ i?2 pQHi�;2 b2MbQ` 7Q` � bBM;H2 T?�b2 /2bB;M BM � bBKTH2 +HQb2/
HQQT KQ/2HX h?2 `2bmHib �;`22/ r2HH rBi? i?2 bBKmH�iBQM �M/ i?mb T`Qp2/ i?�i i?2 +HQb2/ HQQT
KQ/2H rQ`FbX

>Qr2p2`- 7m`i?2` `2b2�`+? �M/ /2p2HQTK2Mi 2zQ`ib �`2 M2+2bb�`v iQ `2}M2 i?2 /2bB;M-
p�HB/�i2 Bib T2`7Q`K�M+2 QM � H�`;2` b+�H2- �M/ �//`2bb i2+?MB+�H �M/ `2;mH�iQ`v +?�HH2M;2b
�bbQ+B�i2/ rBi? i?2 rB/2bT`2�/ /2THQvK2Mi Q7 #B/B`2+iBQM�H TQr2` +?�`;2`bX h?2 bBKmH�iBQM
M22/b iQ #2 imM2/ r2HH 7Q` � j@T?�b2 9@H2; bvbi2K �b +m``2MiHv- i?2 h>. Q7 i?Bb Bb 9y iBK2b
?B;?2` i?�M i?2 j@H2; bvbi2KX h?2 ?�`/r�`2 �HbQ M22/b iQ #2 i2bi2/ BM � i?`22@T?�b2 +HQb2/@
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_161_1L*1a

HQQT bvbi2K �M/ i?2M �i ?B;? pQHi�;2X

AM +QM+HmbBQM- i?2 #B/B`2+iBQM�H TQr2` +?�`;2` `2T`2b2Mib � bB;MB}+�Mi bi2T 7Q`r�`/ BM
�+?B2pBM; ;`B/ bi�#BHBx�iBQM �M/ K�tBKBxBM; i?2 TQi2MiB�H Q7 `2M2r�#H2 2M2`;v bQm`+2bX Aib
BKTH2K2Mi�iBQM ?�b i?2 TQi2MiB�H iQ `2pQHmiBQMBx2 i?2 r�v r2 +QMbmK2 �M/ T`Q/m+2 2H2+i`B+@
Biv- 2KTQr2`BM; BM/BpB/m�Hb iQ T�`iB+BT�i2 BM +`2�iBM; � ;`22M2` �M/ KQ`2 `2bBHB2Mi 2M2`;v
bvbi2KX

_272`2M+2b
(R) AX SQr2` �M/ 1X aQ+B2iv- A222 `2+QKK2M/2/ T`�+iB+2 �M/ `2[mB`2K2Mib 7Q` ?�`KQMB+

+QMi`QH BM 2H2+i`B+ TQr2` bvbi2Kb- kyR9X (PMHBM2)X �p�BH�#H2, ?iiTb,ff2/Bb+BTHBM�bX
mbTX#`fTHm;BM7BH2XT?TfR83NkejfKQ/n`2bQm`+2f+QMi2MifRfA11W8*Wkyai/W8*W
ky8RN@kyR9XT/7X

(k) LX :X 1aP- q?�i Bb 7`2[m2M+v\, L�iBQM�H ;`B/ 2bQ- kykjX (PMHBM2)X �p�BH�#H2, ?iiTb,
ffrrrXM�iBQM�H;`B/2bQX+QKf2H2+i`B+Biv@2tTH�BM2/f?Qr@/Q@r2@#�H�M+2@;`B/f
r?�i@7`2[m2M+vX

e
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https://edisciplinas.usp.br/pluginfile.php/1589263/mod_resource/content/1/IEE%5C%20Std%5C%20519-2014.pdf
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