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ih ~Zgguf DD <<K

F_""mgZz ih "Zgguf g_aZ\bkbfuo gZ[ex"ZI
DH h[hagZq Lbi WiJ
« DD <<K DH Dhe Kj_"gbc| I _jbh~”bggh | ibhA <uk <uk f
KR: ijh\h~hd ijb\_~ g baf_g _gb _f{) GZdehg _g| Zih]l_y i_jb]_y
;> FFL guc [e_Kk [e_kdZz 9 df df
D: 6285%$7(6 & | g 637 «
D: 635287 ( 8 6%7 “
D: %XJVDW ( 8 6%7 “
$~k
D: )OREN 8 6%7 “
njz]f_gl & . . o
KIJG&= % ) (% I_jbh”
D: 'LZDWD 7| 8 637 “
D: 3BHUXVDW $ $&7 “
D: 6N\VDW & $&7 “
D: $SHURFXEH ) 8 6%7 “
D: /HPXULQJR ) 8 6%7 “
kl1JG&=" ( 5 % “
D: 6 XSHUYLHZ $ $&7 “
D: /HPXU % 3$ “
1RIXHFRUUHLJ 8 687
D:,*65DGDU $ $&7 “
njz]f_gl 4. ' “ i
D:12$$ ) (% I_jbh”
D:86% $ $&7




Ih bgnhjfZpbb ;> FFL

We_f_glu hj[blu

ih ~Zgguf DD <<K

F_""mgZz ih "Zgguf g_aZ\bkbfuo gZ[ex"ZI
DH h[hagZq Lbi WiJ
« DD <<K DH Dhe Kj_"gbc| I _jbh~”bggh | ibhA <uk <uk f
KR: ijh\h~hd ijb\_~ g baf_g _gb _f{) GZdehg _g| Zih]l_y i_jb]_y
;> FFL guc [e_Kk [e_kdZz 9 df df
D: +;07 $ $&7 “
D: =KXKDL % $&7 “
D: 1X6DW & $&7 “
D: =KXKDL $&7 “
kI JG & %59 "
ljbf_qzZgb_

ljb\yadZ baf_j gbc \uiheg_gZ gZ hkgh\_ hj[blZevghc bgnhjfZpbb g_aZ\bkbfuo gZ[ex"Zl _e_c
<k_ azZk_qdb ihemqg_gu gZ iheml_g_\hf mqgzkld_ ljZz_dlkjbly_khij*dbe ijp\_~_gguc [e



J amevlZlu jZ[hlu kbkl _fuiRFZ[ex”™ _gbx
bghkljZgguo DiHxg ]hrZ .gZebahemqg_gghc
baf jbl _evghc bgnhjfZpbb

H{gZjm ghl\uc \ukhdhhj[blZevguc DHA/(_a

< bxg_ ]h~Z jhkkbckdbwle kiibdlgufb kj_"kI\Zfb _tg[g
gh\uc \ukhdhhj[blZevguc dhftbgljkdpbdkk h[gZjm  _gby wlh]h D
9ZqZl k_jb_c ijh\h~"hd ihemqg_gguo ijb ihfthsdg kbklhfuZFFL \

1ZjZf_lju hj[blu gh\h]lh hjj_€#8lZ7ug A G Omlhjh\kdbf I:H ©F
©<ufi_e@him[ebdh\g3gu Bgl_jlgZzdl_ BgnhjfZpbdgghlbg_kdh]h p_c
fhgblhjbg]Zz hdheha_fgh]lh dhkfbg_kdh]lh ijhkljzgkl\Zz B:P F
©<ufi_e¥SDFHGDWD YH[RSH® UKk\h_ggmd_Jlgwc

lh khklhygbx gZ \ ;> FRh”_j blky bgnbhyfEBdbijh\h”dZo

ithemqg_gguo kbkl_fitnc DAH~ Ik 1Z[e
LZ[ebpZNhlhf_ljbg_kdZy bgnhjfZpby ba ;> RFL ih QA 1
KmffZjgzZy Kj_"gbc :
__>ZIZ gZgZe ijhAhe bl _evghH Dhebqg_kl iib\ A ggu | _jbh~rbgghkilv
ijh\h"db 874§ ijh\h’\d_b K azZk _q_¢ [E_T(d baf g gby [e_kdZ
“ g_ \uy\le_g¢
g_ \uy\le_g¢
g_ \uy\le_g¢
g_ \uy\le_g¢
g_ \uy\le_g¢

Baf_j _gby kbkl_fu FFL yt» DH 1luiheg_gu gZ [ukljuo mqZ
ljZ_dlhjbb \b”bfZy m]eh\Zy kdhjhklv ~\b" _gby h[t_dIZ hilght
khklz\eyeZ Mh m]Jeh\dbgmdZ k_dmg”"m \j_f_gb gZ ~Zevghklb
dbehf_IljhX[e

LZ[ebpzI1Zzjzf lju ijh\h~"hd ihemqg gguo kbkl fhe,FFL ih DH 1

Baf j gguc [e_kd I <mb]Aebhf\ZZyy
X JZkklhygb_ hl DH ijh\h~rd_[_a mqg_I42 :
..>Z|Z Gz 22 gZlex"ZIl_ey df iheml_g _\uo azZk_ kdhjhklv PH
ijh\h~"db 87& R ml]e k alZ
- k_dmg~m

fbgbfZevgi fZzdkbfZzevg fbgbfmf fZdkbfmf

<1Z[e b gBk ijb\_~ _gu iZjzf_ljw bj[®@ZjZzdl_jbklbdb dhkfbq_
hit_dlZywd ih khkihygbx gBExey Jh~Z ih ~Zgguf kZclz
VSDFHGDWD YLPSHO UX

LZ[ebpZzOZjzdl_jbklbdb DH k mg_lgufeghf_ jhh T Zgguf kZclZ VSDFHGDWD Y

: . Ki_"g

Il_jbh~ GZdehg_ <uk <uk S < jlmf_gl — oA
. o M S agZz HIF

fbg f Zih]_y ¢ i_jb]l_y f i_jb]l_y gf qd]




JbkmghdHj[blZ DHpl  ih khklhygbxbgzy ]h~Z

| _jbh~bg_kdh]h baf_g_Dblyd[e_kdA baf_j_gbyo kbkl_fu FFL
khklhygbx gZ \uy\le_gh g_ [ueh

GZ4bk ihdzZaZghhdc kj_a ijb\_~ ggh]h [e_kdZ \ aZk_qdZo
;> FFL 7"BH vp ih khklhygbx gz
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Phase angle, degrees

Jbkmghdljb\_~_gguc [e_kdpDH 1\ aZ\bkbfhklb hl \_ebgbgu nZah\h]h m]e.
bgnhjfZpbb ;> FFL gZ



Dhkfbg_kdbc h[wedl 1 £ wlhyluc dhkfbqg_kdbc h[t7d( [_a
h[gZjm  _gguc \ | _g_gb_1]] [eZ]h”Zjy baf_jbl _evghc bgnhjfZpt
FFL

:gZeba g_dhhj*bgzZlghc bgnhjfZpbb ihdZau\Z_|I glh F
1v\p kdhj__ \k_]h w\eyZ]k _glh*ey h[t_dlZ ozZjzdl_jgh baf
\b~rbfh]h [e_kdZ \ rbjhdhf "bZiZahg_

lhemqg_gu baf_j gby iAKBKDL ' b
=KXKDL $

<bxg_ ]h~Z ihemq_gu i_j\u_ nhlhf_Iljbg_kdb_ baf_j _gby
Zdd\gf dblZckdbf>AAKXKDL ' b=KXKDL $

>Zggu_ ih \uiheg_gguf baf_j gbyfZijd\b™ Igh\yadZ baf_j gb
kbkl_fu FFL ijhba\_~_gZ gZ hkgh\_ hj[blZevghc bgnhjfZy
dhfzg~h\Zgby <<K KR:

LZ[ebpZNhlhf_ljbg_kdZy bgnhjfZpby ba ;>KKKDHh Dith khklhyghx gZ

>71Z gZqzZe STTZ]E 25 Dhebq kil . KI="9bC I phapgghklv

. ijh~he bl _evghl} ijb\_~ ggu
ijh\h~"db 874§ iih\h~db K azZk_q_d¢ [e Kd baf_g whe_kdz

g_\uyle gz

g_\uyle gz

LZ[ebpZNhlhf_ljbg_kdZy bgnhjfZpby ba ;> FFL ih Dh kKKK gbx gz

>71Z gZqzZe i.hfh”;f\szljgezvy .| Dhebq_kI i.g\j—fgbcu | _ibhrbgghkllv
ijh\h~"db 78& J ih\h~db E azk _q_dq " s T(%g baf g _gby [ _kdZ

g_\uyle_ gz

g_\uyle gz

< baf_j_gbyo ihemq_ggubFkbkbxthc ]lh~zZ i_jbh”~bqg_kd
baf_g_gby [e_kHZXKDLDb D: =KXKDUuy\le_gh g_ [ueh

GZjbk b ijb\_~_gu djb\u_ ijb\_~_ggiblh JEXKDA b D:
=KXKDL ihemqg_ggu_ \Zpkbtkktdfu FFLlbxgy ]h~rz

JbkmghdDjb\Zy ijb\_~_gghlh [e_kdZ D:\=iki\ikDd_kbkl_fu FExgy ]h~Z



JbkmghdDjbAyijb\_~_ggh]h [e_kdZXBDL \ ijh\h~d_ kbkl_fu FExgy lh~z

AZims_ggu bxgy Jh"D: =KXKDL b D: =KXKDIlibk
ij_"gZgZaq gey ihemq_gby bah[jZz _gbc a_fgdhjc 'ithf\_ joghklbt_fdb
KimlgbdhkljhudhfiZzgb_¢ =KXKDL 2UELWD &R QW kKHEZO= KJ KIDQHH
khklz\ey Kdbeh]jzff jzZafhjiumkzZ o o f_ 1jZz < ih®:I=KXKDL
ihA™ " bXxElj_ohkgmx klZ[bebaZpbx

JbkmghdH[sbc \b”» DK XKDL

=KXKDLb D: =KXKDWwiheglyihe | gZ

Ih khklhygbx gz D:
i_jbh~bgmlu k gZdehg_g

hdhehdjmdt\j[bZo\ukhlhc dbehf_ljh\
f



<uy\e_gh _jbh”"bq_kdh_ baf_g_gb_ [e 8KdX2 3O
%

Baf_j _gby kbkl_fu FFL \uihdédggggu_ Jh*Z ihalhebeb \uy\
i_jbh~bg_kdh_ baf_g_gbhgkehbadsB1,)250 % Ih
j_amevlzIlzf baf_j _gbt¢z*byj hitedgZ \_ebgqbgZ nhlhf_Iljbg_kdh]h

Kh” j°ZsZyky \ ;> FFL nhlhf_Ijbg_kdZy bgmijfpaly ih I
ijb\_"~_gZl4[e ljb\yadZ baf_j_gbc kbkl_fu FFL ijhba\_"_gZ
hj[blZevghc bgnhjfZpbb Dhkfbq_kdh]h dhfZg®"h\Zgby <<K KR:

LZ[ebpZNhlhf_ljbg_kdZy bgnhjfZpby ba ;>8EPR258 DgZ
i 1 AN
>71Z gzqze ijhbhn;f‘szlj_gezvygr Dhebq_kl| ijt;(\‘_—A_g;gu |_jbhrbgghk|v
ijh\hr"db 874§ iih\h~db K azZk q_d [e Kd baf g gby [e| kdZ
“ g_ \uy\le_gzZ
i_jbh~ k
g_ \uy\le_gzZ

AZims_ggudZy ]Jh*"#ZZeuyihgkdbc >A81,)250 8QLYHUVL\
,(QWHUQDWURDWIR/Y LRIQ _"gZagkyyZ ey hljZ[hldb kbkl_fu f
dhkfbg_kdbo Ziizjzlh\ ~ey ihemq_gby bah[jZ  _gbc a_fghc ih
fhgblhjbg]Z ijbjh”rguo [_"kl\bc

D:81,)250 ihkljh_g kbezZfb mgb\_jkbl :IXNBYRDEPERFBQLYHU
FZkkZ kimlgbdz dbeh]jzffimEafDju\dkljZjlh\hc dhgnb¢mjZmbb

f_ljz

JbkmghdH[sbtbh”"D:81,)250

Ih khklhygbx gZ D81,)250 ¢oh”blky gZ gbadhc hj[bl_ \

o dbehf_Ijh\ i_jbhfbgml k gZdehg ¢b_f

| jbhAbq_kdh_ baf_g _gb_8[e)REEZ Dueh \i_j\u_ \uy\e_gh
baf _j_gbkbkl _fu FFL bxgy 1h~Zjbk < ijh\h~d_ hij_~_e
nhihf_ljbgq_kidhleh~ k_dmgAru



JbkmghdDjb\Zy ijb\_~_ggh]h [e81kJ§Z5D: \ ijh\h~d_ FFLbxgy ]h~Z

JbkmghdNhjfZz iZIl_jgz djb\hcOe8kd250 \ ijh\h~Ad_ FFLbxgy ]h"Z

GZjbk ij_"klz\enHah\uc kijjba_ " ggh]lh [e_ldZ) 250 \
aZ\bkbfhklb hl \_ebgbgu nzZah\h]h m]Jez \ azZzk_qdZo kh”"_j’
khklhygbx gz



Jbkmghd Ijb\_~ggc [e_kd81,)250 \ aZ\bkbfhklb hl \_ebgbgu nZah\h]lh m]¢
bgnhjfZpbb ;> FFL gZ

Hp gdizhlhf ljbg_kdbo 0ZjzZdl_jbk b nbkd Z

GZ hkgh\_ ij_"klZ\e_gghc \ ;> FFL bgnhjfZpbb \ui
nhihf_ljbg_kdbo ozjzdkfjtockkIlBdbo h[t_dlh\ aZimkdZz
AZimkd [ue \uiheg_g n_\jZey ]h~rZ GZ \ukhdhw
hj[bIm [ue \u\_~_g ywakidblef _glZevguc D:(7BENXIh khklhygbx g
Dhkfbg_kdh_ dhfZg”h\Zgb_ <<K KR: khithdhZaZinmkt8\Z

DH $ jZkihagZg@bhc<<K KBRZd D: .LNXDH
& jZkihagzZg@bDc<<K KRZH Ivy kimi_dv JG
Wdki_jbf_glZeldbgud NX jbk ij_"gZagZqZeky "ey |_klbj

dhfihg_glh\ [hjlh\hph*th\Bgbylhf gbkeieZzaf_ggh]lh we_dljhj_zdll

"b]zZl_ekimlighhid | pbebg”jbg_kdbc dhjimk ~bfZtjdj\ufkhlzZ D:

f 1jZ ;hdh\Zy ih\_joghklv dhjimkz ihdjulZz kheg_qgufb LUMKZ|_ yf
dbeh]jzfi \j_fy wdkiemihdgbklZ[bebabjh\Zebkv \jZs_gb_f

Jbkmghd H[sbc \PA .LNX (76



D: .LNX (76 ij_djZlbe nmgdpbhgbjh®*ZdE&][jy RN Z
ijhbahr_e hldZa kbkl_fu we _dljhiblZgby kimlgbdZz

< dzZq_kI\_ 1lj_Iv_c kiml _gh dBimkd_ bkihevah\ZeZk
I\_j~hlhieb\gZy jZd_|lgZ§gWDi Kgwmi_ &@WDU jbk bf dhjimk k
ihemkn_jbg_kdbfb ~gbsghebgldjbg_kdhc ijhklZz\dhc f_""m
nbdkbjh\Zggh _ >kébhgz I\ _jrhlhieb\ghc kImi_gb f ljz "bzf_
fZkkzZz [_a lhieb\gh]h azjy”rzZ < dbeh]jZfkimklg[bebabhxZe
\jZs _gb _f

Jbkmghd <g_tbgx \b” kimi_gb 6WDU

<l|Z[ebp_ijb\_~ gu ~"Zgg: .iIMNX (76 b Ij_Iv_c klmilgb JG
aZimkdZz kh~_j°Zsb_ky \ ;> FFL ih khklhygbx<g¥%hiheg_gb_
nhihf_Iljbg_kdhc bgnhjfZpbb ba ;> FFL \ 1Z[ebp_ ijb\h”b
bghjfzpby ih ~Zgguf Dhkfbq_kdh]h dhfzZzg”rh\Zgby <<K KR: Z
\_ebgbgzf WIJ h[t_dlh\ ih bgnhjfEEbiZH@HYWNUDN FRP

GZjbk ij_~klz\e_gu J]bklh]jzffu jzkiijb\ & glgn]lh [e_kd
hit_dlh\ azZimkdz $ b & \ aZk_qdZo
ithemqg_gguo kbkl_fhc FFL ih khklhygbx gZ

GZjbk ijb\_~_gz ]bklh]jzffz jzkiijjb\_&_gln]h [&hkdid
I\_j~hlhieb\guo jZd_Iguo6MmDU daf j gguo kbkl_fihc kihkklLhy gb x
gZ



LZgbpZ G_dhhj*bgZlgZy bgnhjfZpby b iZjZH_bkzimKdF D

ih khklhygbx gZ

F_""mgZ] Ih bgnhjfZpbb ;> FFL We_f_glu hj[blu ih ~Zgguf DD <<K
DH (hl[jhg‘gqu Dhebq_KI Ki_~gbc | I_jbh"baghf | . <uk <uk V\]f"]
KR : ijh\h~hd; % ijb\_~ ggu baf_g _gby _f{a GZdehg_ gl zih]_y| i_jb]_y
' FFL [e_kd [e_kdZ 9 df df
D: .LNX (76 $ “ g_ \uyle_g
kil JG 1 & “ g_ \uyle_d
ljbf_qzZgb_
tij_"~iheh bl_evgh DH$ yley |ky lj_Ilv_c klmi_gvx JG 1
tij_"~iheh bl_evgh DH& yley_|ky dhkfbq_kdbf.ENXjZIhf

Jbkmghd=bklh]jZffu jZkij_~_e_gby ijb\_~_g@hihdlé\kdZ $
khklhygbx gz

\'aZk_qgdZo

ihemg_gguo kbkl_fhc FFL



Jbkmghd=bklh]jZffu jZkij_~_e_gby ijb\_"~_gghhhglec K&zZgZ [Za_ I\_j*hlhieb\g
Mblzl_éwWwDW\ aZzk_gqdZo ihemg_gguo kbkl_fhc FFL ih khklhygbx gz

Ih j_amevlZlgZdebaZz flzgrtbj ij_~klZ\e IdgdcbyZ jbk iz
l1Zzd"_ bkoh”y ba ba\_klguo fZkkh]Z[ZjblgubaNoX bzl |p kd bkd nbi: g
JG1 fh gh k~_ezZlv ij_"~iheh kgb_dmd®® DH \ aZimkdh ~Zgguf
Dhkfbg_kdh]h dhfZzg«iK\Kgby\uiheg_gZ g_dK\_dIigby h ijbgylhf
gZklhys__ \j_fy b ij_7ihez]l]z_fhf nzZdlbg_kdhf khhl\ubkl\by
h[hagZgq_gbc b mqg_lguo ghf_jh\ DD <<K KR: h[t_djx\thaylikykdZz
l[Z[e

LZ[ebpZDH aZimkdZz

F_"~ h[hagZq « DD <<K Ij_%~ihezlz_fu_ f_"~ hl[hagZq <« DI
GZa\Zgb_ D| im[ebdm_fu_ \ hldjulhc im[eb( <<K KR: ih j_amevlZlZf ZgZebaz
dZlZeh]Z DD <<K KR: bgnhjfZpbb ;> FFL
D:.LNX (76 $ &
kil JIG & $

LZdbf h[jzamfidjulhc im[ebgghc qZklb dZIZeh]ZZphkiZqgbkd]
<<K KR: “ey azZimkdzZij_~iheh bl_evghimlZgu dhkfbq_kdbc Zii:
ihke _“domi_gv jZdhkb! ey Nzdlbg_kdb dhkfbq_ KdbX @i6zZjzIhf
ij_ "ineh bl _ey@ly Iky DH & \uAZ\Z _fuc \ hildjulhc im[e
qZkl dZIZeh]Z DD <<K KR: \ dZq_kI\_ kimi_gb JG Z klmi_

$



Ilhemqg_gu baf_j gbly ik_c kimi_gb &ID QIKHQ ¥
gZklbggh mki_r@lZ]imkdZz

< bxg_ ]h~Z ihemqg_gu i_j\u_ nhlhf_Iljbg_kdb_FBhaf_ j_
ijh\h~dbh 1lj_Iv_c klmi_gb dblZ&kdh@JJIJEKH QJ % hi
gZklbggh mki_rgh]h aZimkdZz
>Zggu_ ih \uiheg_gguf baf_j gbyflajb\_"ljpdyadZ baf_j gb
kbkl_fu FFL ijhba\_"~_gZ g9Z hkgh\_ hj[blZkvdhckfhgnkhdhsh
dhfzg”~h\Zgby <<K KR:

LZ[ebpZ Nhlhf_ljbq_kdZy bgnhjfZpby balj>IwFkLkimi_gb JG &KD@&J =KHQJ

% ih khklhygbx gZ
>71Z gZqzZe ijhbhn;f‘szljgezvyghln Dhebq_kl| ijg\‘—fgé’gcu | _ibhrbgghkllv
ijh\hr"db 874§ ijh\H\dB K azZk _q_¢ [E_T(d baf g gby [e_kdZ
“ g_ \uy\le_g¢
g_ \uy\le_g¢
AZimkd \uiheg_g bxgy JhkZ dhkfh~jhKbqZg

lj _"~itheZ]Zehkyv gl&KDI@ =rReHAQU\_~ | gZ ]J]_hi_j_oh~gmx |
| e dhffmgbdZpbhg&§RQD[ISQIKLQD DW®BazZ g _rlzZlghc jZ[hlu Ij_1I
kilmi_gb jZdhkbl ey kimlgbd [ue hlI*"_e g 9Z g_jZkg_lghc wee
AZimkd gzZkhkggrguch\ul_~ gb_ D: =KRQ4[E®RH hkms_kl\leyehk
ithfhsb [hjlh\hc "\ b]Zl_evghckmklgigdhXdb

lh khklhygbx gZ [j_lvy klimi_gv J@& g&ZKD@dh=K
mki_rghljhZzimkdz gZoh”~blky gZ \ukhdhweebilbg_kdhc hj]
0 dbehf_Ijz i_jbh~ fbgmlu k gZdehg_gb_f f

Lj_Ivy kimik_ gvdblZckdbo ghkbll_e ¢ k_f_ckl\Z &KRGJ =KH
jZ[hlZ_1 gZ djbh]_gguo dhfihg_glZo lhieb\Zz “b~rdbc \h~*hjh~" \
"brdbc dbkehjh” \ dzZqgq_kl\_ hkdbkedlkEy ~"\b]Zl_evghc mk

bkihevam_Iky "\modZf_jguc>@ugZ <kImi_gb f 1jz ~bzf_lj
kmoZy fZkkZ lhggu
Jbkmghd <g_rgbc \b™ Ij_Iv_c kImiJ@b&KDQJ =%HQJ

| j\u_ baf_j _gby kbkFLfuih Ij_Ivkeémi_gb JG &KDQ% =Kt
% ihemg_gu kimkly Ng_c ihkéh ineimgdgguf
nhihf_ljbg_kdbf djb\uf \brgh qglh gz fhf_gl ihemq_gby baf_j_ gl
khklhygbb f_"e_ggh]lh \jZs_gby LhqggZy \_etbljqbgZjbhmMaf gjl
hij_~_ e _gZ ih ijbgbg_ hlkmlkl\by ijh\h~db ~hklZlhqghc “ebgu
GZjbk ijb\_~_gu djb\u_ ijb\_~_gghjlhiviec kddhi_gb JG &K
=KH Q48 % ihemg_ggu_ \ ijh\h*"dZo kbkkgfu FFh"Z



Jbkmghd Djb\u_ ijb\_~_gghlh [e_kdZni] db_XGKEKDQJ% KHQJ% \
ijh\h"dZo kbkl_fu FFL bxgy ]h~z \\_jom b bxgy 1h~rzZ  \c

GZibk ij_"klzZ\e_g nZah\uc kj_a ijb\_~ligth]d Kemkdgb J¢
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