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Aircraft Electrical System

2.1 MZ(Introduction) R=120

A a27]9 A5 A7) AE(electrical @
systems)3} A B A AE](subsystems)?] A< Q]
Al 2 ok ARstAY REYsHA A
T A A A4 R A 1Y
21<l0] 7 4= 51| hol}, olelet 17K ~He] =t

At e A7IA27 S A A E=24VDC
o] 8-S MAA|staL, PASIH Telshs Aulabe] x4

7o E9 .

-— 1=2A

-
A4 o)1 7

[322 2—1] Ohm’s Law

E=IxR E=voltz2 4%+ 7|43 (electromotive
2.1.1 22| H=(Ohm's Law) force), I=ampere® ZAE= AF, 1811
R=ohmo & Z4E = Aot} ths 45 £
dshe &9 Ao}l AIS L5l7] 93] ARgst 2= ik
HAe =do] Easial 24| AtolH 2(George
Ohm, 1789~1854)9] o] 2o 4 GaliE9l I 2 R
ot BAE Fote AR(EAY] 538)= B4 7}

S ARCA71A =)ol Auista =419 A1
R
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of whilFITHE WAl AYS FHSHE o A 89 WAL A7 B ARl ojw Paow
SEL W9l SOhm)olehn HEu, REE 1 WRSSHeR] dEshs 2ugale] 7128 deat
ez 24 o[ 7HOmega)leltt, 44, B elE Sof, 2% 2-1014] 12[ohm]®] BZ7} 24[V]
24 RS AFS etk =49 4w A% ARALUDC power source)°ﬂ AZEYS ) &
o wAle] B2l AR AYAL, 1HEE 4 o WAL g 2ample] AFI EETH: A
3 % 2 AR 5 ol

1lohm]& 1[volt]e] Aeto] 7Fal|Rl Lo A A4
1lampere] & AHFE 2L A3kttt Lo WA
2o

ozRE Uehs 7)EAel FAS thewt 2,

2



I —
St87| MAE7|A 7| Avionics for AMEs

'

Example

28[V]9] 255 (landing light) 3|20 4Q2] A
& 7 =T g Qltk, 3RO WA ARE
Akl B2}

28[V] AR )2 6.5[ample] AR B2
o AR ) AT AR 54

e (taxi light)2 4.9[Q]9 A& 7HAH
2.85lamp]®] A AR{7F SEH. AlLFHAGE A

A8 24,

4 Solution

E=IxR=285%49=14[volt]

u To find | (amperes),
place thumb over |

and divide E by R
as indicated.

B To find R (ohms),
place thumb over
R and divide as
indicated.

To find E (volts),
place thumb over

E and multiply as
indicated.

[ 2-2] Ohm’s Law chart

S (short) & 24sk= dl =22 & 5 At 2>
Aol AFol S7He EH Yol the AS 7|A%
b 3 224¢H7](CB, circuit breaker)7} FojLhe
AL, FZ(fuse)7t H= o5 AWT 4 oS Aol
ot 5] Aol &57] FoHload)= A& W
g2 sjAEoe] itk e Hobe A (constant
voltage)o] A1l Hale Ed A7t 520 2}

= Ajape] ofgto] Hrt.
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 2-2914e &2 H
™

o, AgS A=
2.1.2 HZ(Current)

Af AR ololet & 4= glek. olat 44t
=
=

AEol 322 = ¢ Aisl WA TA| Yo

Qe AR sl Pl 2, dRnly, F

ol Ao sttt “AFAA e g0l ¢
ZHAHouter electron)’} =281 o592 YR}k
(parent atom)o] Z3tE= AL W3l o] &5}

7 AFE AASE uje o} 72 oRgo] 32

of 7}aid W A WeFo & 47 o]5aitt oS
AA= wjE 2] oF= K (positive terminal) & &
o] AR, &=t (negative terminal)= A}
o] Furglo] drk, mebd ARE SAHH= AL
9 Aol EAIE Bkt el Set o

;ﬂ%'_sq = A4 G9le dHei[Alelt, 1[A]9]
A= 12 ¢l =& AFAUE= 1535
[coulomb]®] Hste}t 2t} 1552 Hsh= 6.28 %
10189 #ztel Zth, 259 @9l A= ARgs)
71l Y& 2R ©@9jo)7] wizoll eflof w7t
ARgSE7] o B Helsit,

A&7 stzogul 35 u, AF(DC, direct
current)2kal gt 3|2 oA F7]H 02 M7

2

[212! 2-3] Electron flow
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2.1.2.1 B33 A7]o| &1 AAlol&
(Conventional Current Theory and
Electron Theory)

Aol that AR T2 5 74 o] EAfatt,

AT A Aol 29 HAolZalY|, o] ¥ 7H4] o]
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2% £RE Basis Aol o5 fa) Aud
o}, T o2 ks Aol WS s 4
71820 A, BA 2 Ao T AHeHt,

‘1

HEH ARolZe ARI o 2UeNA Al
[e)

o
i)

7} RED Lo ZYo 7 Tejzittal Azt iR

=% (Benjamin Franklin)o] 2Js F

ek, Ashrh Sk 3ol HeliA= &

(Positive(+)) 2.2, As}7} HE3E 3Lof| Tl &

(Negative(—)) 2.2 TA|FATE 1 GAJo= 9F(+)
Kl

=
F7h BEE Ro] Ak

2.1.3 7|™M=(Electromotive Force(Voltage))

Ao (voltage)2 Z7]A el 43 (electrical
pressure force)oletal & 4= Qle}, o]Ze 714
ojgfil FEn LA hE SrtoA W& St
O HAAE FAol= hEolt), 7[HE o Ro =
ofth, 71-82 3} 27119 A7 AteloflA 744
o 9k 2709 A Abel€] grolth, dlE S0l
. Q1 7] viE 2] Tt Afolof| et
12[V] == 24[V]e] A9tz SA e ol=gh A
o2 HiEl 2] 27 ©AF Atolof] Al dolet &
lor o] Fdf 3|2 AF{7 =A Hrh, Hj
B2 9] SRt Sl= AH-AAE TRkl Sl
© TS et Hor ofFIth ofTt IS

3l Al AR7E S2A "o, gz, 237,

Y
©,
iy
b
o]
of
2K

F= AFIFAE Foll Aol FFEA gow
TAo] AF7F S8 4 §ith A7AIAEe 27 A

2 Apolol WAISHE ALCASIENE The o] 3]

Vl _VZZVDrap

2.1.3.1 A (Example)

ok 2| - A Ft2 14[V]elth, F HA 2o
A A 12.1[V]elek, 1.9[V]e] A Addst
(total voltage drop)E F3t7] $18ll 471 41
o]ttt

a3 240 A AR Higt HA}2
olzch 27HE AR AZAX EYIE
B30l 7hf Al o] th27] wiie,
9] £9| go|7} Zobd wi7hx] Eo| o]F3HA
o, 9 2-40)4 ®3 A9 E9| o7t ¢ w2
o, 10[Ibs/inch’, psil®] B ¥ AR E 7}
A= WA, B3 B - 2[psil9] B W $13]ol
UAE 7H, 2712 93 Atolof, 8[psi] A9
27k Qlek, qrek ERA Atolo] AAAM Y= X
271 dEjd, B2 ¥ B9 go|7}t Tod
712 B3 ARRE B3 BRE S2t} Eo] 52
A dhe Y9l B3 A9 oY 11 A7} ok,

lTi'
ojn
i 1o o

17

it o o

F7F

N
N

-

—>

(212! 2-4] Difference of pressure
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S5 AS} 921 B Apolo] e 7 2
Sofof e, o|efet v B9 o P A4S
AL £ AAANIAE AAAE) AHAA A
At RHA() v AAAYAE L) A
2 A7t olBeT: Yol 49T 4 Uk F
A% Apole] 1714 AR Hol7} ofel et

o5 Qo7 Fol Art. o] B AU, A

2.1.4 XM Resistance)

Aol dee] T 7hA) i A e x1 e
WA S BAE, 2718200, Aol 7
&, A WA e, ol A
At Ve 52 AR g A4ET o

2 S2Ago] AW 242, AR Hoitt, vop
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[212] 2-5] Resistance varies with length of conductor

ol A = AFEFo| F(Zero) o2 7H
o

L ofy
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=
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Aol 9F<E vA= 82

EAO AR A A=) FRol

9] ﬂ*‘ﬂlE«l T

At UH—Eroﬂ AR ARgET U 249
g2 AR dFulEAEy o 22 A

01§37 %

141

2.
<
TE5A
L
=

3
20 Julr o g o]

= 7HA7] izell, < EAolnt, Tt
dFuES R 7HE SHellA Relshal 7
= ofE T dRulES Ve FAVE S8
T $5 AR

T5EA Y] AR =AY Aol AuleRitt,
Anle) dolt A A=, A2 o 73, 18
2-5oM = A= HE Zdol9 2719 dAle R

. JkeF Zof7} [feet]o]aL Aol 1[Q]]) A9
FE 2l VIS A7) gol Zheiintd, AR
TE2 1A]R ARt ghef FUT =A|9f Lo
71 28i7F "k, 1[VIe) Aol Zheidle o Ad
ol 20i7F Hrt= e & = A
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2.1.5 Mx}7| HE

(Electromagnetic Generation of Power)

A7 Suke o ol W 4 )
o, gukAel wEe W gl 4@, SEAE, 1)

%= (electromagnetic induction) 5

8o} oIt} o] F HA/IGEE Q17o] AR
=AY B R Ak A 2 REe AA3
ww W57)
ol i},

E
AL ek W, ¢, 9, 193 SsrEel o] ge
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e

%muﬂ%

2
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o
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>
N
N
0
:<>I'l='
02
18
fillo
2
ofo
o
o,
rir
o
m tlo
e

ik %Pﬂﬁd—}(mezoelectnc effect)2fal H2
Ja|xojof A w2 912 (Piezo T+ Piez+= Press,
Pressure, Squeeze)®] 2jujo|], FHATE= H
AA|(dielectric) = F4% 47 (nonconducting
crystal)ol E]2eeS 283 Aatolrt,
st A& 7|2 ¥gshs 7P dubAel
Zolrh, AR = e
o] AsfjHup -2 shekg-Hof 27)9] A2 HE &
< ol&sto] 715 AYAkgitt, 3Fehk-g-(chemical
reaction)> B> AAE AFEA = 55 Aol
o A Ayt
A715 AAdst7] ol AHgE 942 494
(thermoelectric effect)E dozitt, AR

(thermocouple)©]gtal F2= Ax]of Ho| 7134

4
T
o=

e AAE o83t

o
1B oox

field)& 2014 Ag P, 5 71d8E ves o]
o}, 19 2-63 Zo|, =4, Aol Ar|AelA &
A uf, 7] o] Ao A dhAgRieh, whoF 2H 3]
27} EAo] AZEHH, A Bt ARSES
o 't

19 2-63}F Zro], @ (single conductor) #
A7 s AR st W AA/ARE
= 23, & dialel], A Fdo) A%t
o] A7 s Fste] 4ol HE & A7)
(electrical output)S WHAYAIZICE dff

o, A7 AEdt AAAS ARt ThEo]
o, gubA el AAI HE A3 A7 whEo
= AR Y] EA w2l H% & AY/ARE e

o] it}

ok

ru

F—‘fl
o _,>i rLIll'l
1 A

S
1o
™ Ho 19

Vv
Motion of conductor

[32! 2-6] Inducing an EMF in a conductor

- 2-7
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Power(P)=Current(I) X Voltage(E) HEg AX7| 2o B Foff WA Sy

A 4 Age s LAE, B3t Hie 23

A, & A71982 AR, & AR5 5FE W=l 27} 2 Aol AAEAE o] Aufo|r}, Mg

W7l sl Qlefof gtk A 719stet. o] axy A7 E, & 71383 AR T 257 S o A
Ao #wejA AY/HARE A5 At 2 =g

AT} 4717 Afolo] AYEel £5o] EA
ARE 527 Ao, B4 EE A4 F ol 5
UE gAY w4 4 otk oY 273 2

ol, A4z} x42] A(field)o] LUHEA (coiled

conduct®”
1 moved P

Flux forward

[212! 2-8] An application of the generator right—hand rule

'-_ﬁ Motion of magnet

[ 2—7] Inducing a current flow [l 2-9] Voltage induced in a loop
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| Direction of rotation |

@ side ofloop (B side of loop (@) Current flow is toward the reader

Cross section of loop

Direction of
movement

of the loop
through the
magnetic field

Current flow is away from reader

[22! 2-10] Simple generator

rule) =41 o] %i%i%.i ?‘z}z— A= o
AL 28 AREEY HEe EAA =4
Aeke] =/t wAE

A2 ARG 4L olgate] WY/
So1F= A7I7E dasit, dRtkdoz
7104 BFR7] e wE7)e 2o 20
NAYEL) 98 ARzl YEE o]%
2-99F ol 1}717‘*0]4 AR

it

jui

Sl
il
=

1

oot
1% of

e
2y
mlo

2 i
[
o

7HA] 7] g.4vof whEt,

Ae(loop)7t B2 45 | 2 &

a8 2-1094E A TEA7] S8 AR
3 ZAA o ohsl] Adrgstar Sk, ofziet A
A= A9} B2 EAE N3} S Afo]9] slH T
(rotating loop)& ©]FojXIt}, Fio] Eoke 97f
9] #£ &Y (slip—ring), -Z.: A1) (collector
ring), C, 2} Cyofl A, Afe= £ FolA B

AlE &oto] Ukt ghof £27F Al A9 BE &

] A

LN

-2-9
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Magnetic field

0° 90° :180° :270°

Zero voltage

Rotating conductors moving parallel to magnetic field,
cutting minimum lines of force.

0° 90° :180° :270°

Voltage drops to zero

m One half turn completed

Conductor again moving parallel to magnetic field, cutting minimum
lines of force.

m Full turn completed

3607

0° 90° i180° :270°

Maximum positive voltage

m Quarter turn completed

Conductors cutting directly across the magnetic field as conductor
A passes across the north magnetic pole and B passes across the
S pole.

0° 90° 80° :270°

Maximum negative voltage

Three quarters turn completed

Conductors again moving directly across magnetic field A passes
across south magnetic pole and B across N magnetic pole.

0°

90° 80° :270°

Zero voltage

Conductor A has made one complete cycle and is in same position
as in position A. The generator has generated one complete cycle

of alternating voltage or current.

[22! 2—11] Generation of a sine wave
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2] Zoletd, w7)of gt e E&M A (right—
hand rule)g Z83t1, ol HA B7} #A7|AF
(field)& 7t24d §FBo2 ol uf, A4S A
F7F =AY v ko R s Ers Rtk
= & 4 Qo AA A7 AP e 7Y oklE
o8 o5 uf, A2 HF/L 54 Hor 5B
5 gty AdAle] Rxw A, F2 %
A fred M2 FdAE 5 Qo) 1YBER Ay
o] 3| uff, =4 A E= £A B 22 £
O] 21} FAFSIFAL & 4 A,

a9 2-1olM= A7 ollA S dshe 7t
3F EA07 WH(AC, alternating current)?]

= Agstt, B3 HAAREe 2 1S

g
o] Maht HEARE Yol fEg),

A A= AR FaekA FA /I =AE A
gAs Ae dushA] o] whiol, FEAGS
7ero)o|tt. T A10] Position 194 Position 22

SAY W, fEALS A3 Z7Rket

N

0}

e

’

—

EAS AF A& M2 0|7 o]
w glw, AeAe] Hrhs Aee Hug, H

o}, LAo] Position 25 AU =21
A

2 sl A o W,

of AYellAl, =AS LB 1/28 U =
x

AL oAl A=Al Faiste] Ao Y =4

N Fr=A] k=t &4 A7} Position 3& A'd
o, =SS Wk w4 A7) ol B o R &
2ol vl WgFoflA] A&S Adalr] wgol, vt
= Wz ok =4 AV 92 7R SA4Y
ofj, Position 40 =2 W7lA], =4S AA
5] F7keit,

Position 2049} Zro], E=AE thA] Aldof 27k
)

2)
= °oF0 FFo|i Jlal 5o HgiHeE T

Position 504 HolFs 242 Alolul(sine
wave)2}al FETH ARITH= WA 1k =
A3t 3718 yepdch 37142 E(degree), =
= Ao R FREI, pH7IAY 9% E= of
Zo]| 4221 A 2] (vertical distance)= F3F 3|&of z+
7 B A3 9] Ate] gk vrehd

BR7Ioh ] BEY AE AEUE UE

2.1.6 W7 A4

(Alternating Current Introduction)
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Wave form for DC

Wave form for AC

+
2 % 180°  270° 360°
S > [o 90°
Closed Operation of circuit Open
switch switch
Time ) Time
[2& 2-12] DC and AC voltage curves
I AT FEjo A7lelnh AR AT AT ol FolA & 4 S5zl gt 540l 714
T P O R
SHoh 7] A7IA A" ARdeEn R FE Hluste] HojEn, 27| 542 Hdi= s}
92 ol uf g o] e] glek A kA, mROIAE ST Aol )Mo= W
LR LS WS ol 8dte] SUBAY 74 @ WEEIHAC cycle)S Foi7 7HAo] whEEL
Qa5 Q) Wiel, MFHTE O AT AARS  AAYS FEsol Tk Wi AL AR 2E o
2 ZAR $4s g 4 Aok 371, 53 "iEe (Zero)ollAl Alatste] F7tsie7) 2 agfol =gt &
S F7I0M A H B2 FEe] V= %) Hash 45 W= g, o] & 1 EY Rt
BHL ol WRE B3 FYLast Zojsl o] @S 2 4 9k o] IS ARlsfetu F 2}
A 2ol A & e Aol 53] ds7iet &
< WA= AFEA G 2k 7ic 2.1.6.1 &-°] % 9 (Definitions)

o Sk} FAE Aokel 4= Qlrk. iR wRHE
7ol Ae BejAlZE HaskA] gon ARHE7|E
ot g BTt Aoy, HFA LA ofF9 W
oz Qlef B R2AH7|E A wA|skoIoF Bl= ¥l
H, AFAIAF A= Fel7F A7l Aol A= v
AYA gy, mprato R 24[V] A RAI AR
ARgEhe iR vl dA el 400(cycle] I
FARE Yo S ST YT 237 U
oldl 57|E fldl AFE LF=E HIAATE= ¢
HE] (inverter)2til F2+= AH|7} AREHTE o0
El= o] I Fubo]] A&Hrt,

(1) LF2] ZH(Values of AC)

AoA et M7 mFo] AEE= Al 7HA
Zro] it 47Hk( instantaneous value), &1k
(peak value), 12]al S-&Fk(effective value)o]z}

a2 o] 52 ARIFE 145k H &:0]
s

S nE WHIE(AC circuit)olA A
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T
)
o
lo
fu
b
2%
5
N
[
o

ARG Y 2 Sl A 2 Sl
9ot v veha, 1)
& Aplakt 27001l =

ARl ofsfaks |

i
s
SREAN H gk gu|ate] Qs SEA A
&

1o
e
flo
S~
)
rO
i=)
N
©
S
°© =
|=~1 9# H'l

)
o

Mean Square F= RMSZEO 2 &4 ot

e mRASY)E mR) Sz e,
ghro] 49 Alw) B Au|o] BA ML} 42
ARE faighe] Foldh Th W), AigZe
Sl 2ATT ST Aol Hagha 47
Ghe AMBTIT mRelA AR B A o 5
o2 e ThE MPHO.E WAIEIK ek £z
om ®r, AdHon A AR SAYTE
AFggb

FEGS Hugh = Azt 07075 el

-

Peak value

o
Average
value
RMS value

Peak-to-peak value

Average = 0.637 peak
RMS (effective) = 0.707 peak
Peak to peak = 2 peaks

[T12] 2-13] Values of AC.

vt 2 2agke faghel 1418felth, 1de
2 afpo] o7l 110[V] #42 o] A¥9]
o] 0.707Holct, HehHed2 oF 155[V](110 %
1.41=155[V])olt},

19 2-1394 Ko A Zo], duh A
ARl HHEEEAE LRFaTR o 5 9l
ot} Fulgls UubA 0 Z cycle per second(cps)
E+= hertz[Hz]2 A E T 1[Hz]+= 1[cps]et &
o}, ARQIERZ} 3F E‘j wgst7] 98 dagt Ak
ot F719 G E second,
millisecond, =% microsecond 52 ARg-3it}
H2719) 374 360[7]
of IAE= AAH, 3607 HdE = AL T
El=

Z7)(period, P)z}

TF7le & el wF

L7

4% s9H0 Ago)
L, o]
oS
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Positive alternation

)
g Horizontal scale
b (time)
o
2 1T /T 3T |41 \/
Q
[
o
2
8 | Negative
£ | alternation
S

One cycle Second cycle

one period

(time)
One wavelength
(distance)
[212! 2-14] Cycle of voltage.

=E2 Uehd Zolth, aYolAE AT BRe
o] tpepde}. 3t

519] —i—@—f’: ARl E= 360[0]
2wk, ojze A

A AJAsH= Aoltt, o ZL?JL &9 Z‘Jtﬂﬁﬂi
ke ¥, 99 o pasti, 8o Ao

B F7FekL, A o= Haditt, ek

o ol |83 4§18 w7k whEe e
o7 = 71X mHo] gl oFe] W (positive
alternation)?} 2-2] W (negative alternation)®|
o}, 9] S/ vff vk=2H(half—cycle)rir} vty
2 ke Aol Rt 2yEg oFo) Hhegth Al
of Azt5Fo| 3 WFFer SEUH Fo et
Ao AAb= ek R R okl 325 F8f wit
Zow St

(6) F1t=(Frequency)

Fbps 1lsec]d WF2 3] Sl4olr}, 7
2-159} Zo|, Fup£4 o) 71 Rl herta[H]
ojct, WH7|ofA, MY} HF= T Es A0
A o] B3t = ofef & A wjwich et

Eumf 94 4—5 94@

(7) %71 (Period)
Sk Wo] A43Hfull cycle)S 4317 gt ARl
soll Al @5 ARE: F7|ea FETh 19 2-14
of o], ARIzte] 71 Fajsol whuleaict,
2, Fugrl ARR ANSE, F71E © ot
o}, Faesl 7] Aolo] 427 AL o} 7
o] oz},

1 1
Period: t= 7 Frequency: f= n

(8) WAHWavelength)

ajago] gk ¥lo] 7] 53k o] 3t A& dvhAle
= mpgolatal sh 1e|A 74 HrHLambda()]
= Uehdey, oS v FA SR A Fukao]
At

Wave Speed

= Wavelength
Frequency

Fuhal Bom £ 94, Sge o ok
29 2-149} o), WAL o] shte] 2o
A ok W sgel) e AztA e olg bt
nhge Aejol7] uhel, 24| Uukael Tl

meter, centimeter, millimeter, =+ nanometer

olck, ol Soi, Fak4: 20[119] SaHe 17[m]e)
whhS 243 el Holi= 4.3x 10 [)e] 24

-1 O
g JJEFA S FE 700[nanometer]?] TAS ZH=
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180°  270° 3607
1
1T

1 second frequency = 2 cycles per second

1
270 1 1 :
1 1

1 second frequency = 8 cycles per second

[212! 2-15] Frequency in cycles per second

o}, A abge ko] ks el ufel o
ehaict,

(9) Y4+ A (Phase Relationships)

2 UREH O R 7V (degree) 2 SAE= 27
O ARla} Afo]o] BA oIt} o & F01, ¥ g
= AAksh= 2709 A= o ww7)7F Qo 1
= 2479 ARITHE H]ste] 159 SHAIE 4
278 o olnh, 17 2-169] BoflAl, 2719) A%
90[°] YA =}H(phase difference)”} )
Utk VA= od 2719 ARlat
= Qo oHAE AE vE 1R
F710 sl A F 7He R
o} 8E 7 AU

I8 2-169 AoAE LT AT Foll A =
< APAze AFAIZE HoE ki
Hog 7 o AR AA] S7ste], o] F
Agkel] =g o, AR E3 gk =geiA |
o}, o]% & 3} (Zero) A7|= ThA] ZAstal,

==

~
H
il
of
e,
ot
&l

()
2

S~
>

o
=2
ol
i

Voltage

Current

| | |
0° 90° 180° 270° 360°

A. Voltage and current are in phase

Voltage source 1 (leads source 2)

Voltage source 2 (lags source 1)

J

0° 90° 180° 270°\ 360°

B. Two voltage waves, 90° out of phase

Voltage source 1 Voltage source 2

| |
0° 90° 180 270° 360°

C. Two voltage waves, 180° out of phase

[222! 2-16] In—phase and out—of—phase conditions

Fol(+) WHOR F71PE ek Zo] o))
FolA LT WA o o] Y Hrt, 2719 1}
7 AA R AR dR|ste] 9L uf, 252 SAHIn-
phase)olgtal @atch FAMS] AejoA|, 270¢]
B2 Aol 1e|ar R ke w 50 iy
I} 2 agS Aok g
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27119) whedo] A& thE Algtel 159 i
S Ad o, k= 27H94 T} Afelof &
g Ao, o] A, F TP Al=of| tifsl o)
(out—of—phase) 2] Argjo] O‘K}I’_ shch oF A (lead)

7 FH(lag)> 53 Atol9] RS s}
s 9—010113} gk B 2 Aagke] WA =gk ot
& o o] AT & 4 qle 17 2-16
—4 BoAl= o] o] WAIE HofEt, shel MY
U2 0[] A olA E2p7h7] Alabstar &= wiA A
Y2 90[] SIA|efA Zep7hA] AlZkeit, shuke] A
o] = A Aol Hlske] B &2 $17
57}3}7] A2} %7] dzoll, A WA HhHe F
aLglon, vt = & W
= 34\ WA Aol FAAL Sict, -’1Ld°] el
© =olefal T o, H(degree)E ©l8ste] 11
Zfol g Argetet, wheF 2712) mtgo] 360[7& A
T rand, 252 A2 5449 Al e Ao
o}, 719 2-169] CeF o], wieF 27119) 4% Atole]
180[°] &Fe]7} UthH, ofuf H|F o]5o] FAlof 2
Akt 2[digholl B =Estal QAR o] Ao AH
of Arkar Eatet,

rt

[

2 1 731_2 Jt-|Eo| I:lng

(Opposition to Current Flow of AC)

BRoIRdA A4 58, 5 ARE et
Al 7HA] a.2lo] Stk A7 zel o], A &
(ohm)9] ©9|2 Fup=of] A glo] wiFel FaFs
u|Zch JhH S =298 A(inductive reactance)
o gape e
B2oAE dojuA] gfom, @A wF3|Zo vt A

*(capacitive reactance)= Z|+3]

7o 352 Welgity, nF= dASH Wkt 7
L7} #sk7] wiioll, 19 (inductor)2t A AE
(capacitor)= W F3| 2o 1 Hasao| v vl

Soldst =t fudad
8]20)4 Aol 4

v
=
4
ot
U
it
r{m
1%
?1_1‘
= >~
>
DA
oo 2
o 2o j;
T
f% o
L
[> 2
lo
[

;>‘E

N

=

o

—lﬂ
E=)
o
ol
5
i

2.1.7.1 A3} (Resistance)
A A7 =t iR 2 s oA A
= Wefieitt, BR73 2o AgS Fete AFe
ﬁigl 7Vl %l A gke] whi]Eskar Qo] Au] |
A [=E/R¥%t E=Ix R 7}t A%, A
Fke I% HojErh, w3l Rofl A A9 Ay
T} A5 Alolof] f1HolE TEo W A] ghethe A
of F=5sof gt

2 2-1794+= 10[Q]9] 3|=2of 115[V]e] nF
AFI2E Ssto] 11.5[A]9] AFaFo] ofEA
TEEA HolEn,

E  15[V]
I= 5 = g =14
R=10Q
A
Q) 11s5vac ® | 1T

[2& 2-17] Resistance
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2.1.7.2 S =N A (Inductive Reactance)

)5 0o et A7) kel Al
Azdon AMo) 2UL Bt B2E AR
L A1AS WSl o AMe] AR A
e u, 2R 71 EAQ QEE7} Hrt
299 YA TAS B3

| Hato] A@sh= HAolt, o] £ =d

(inductance)o]2til F2tt, A77F oW =AE
Hoto] &5 o, A7 Al FHo Rl g
A=) ARelch g Ao] wAE Fapste] HZ
Z o s vob wf, =4l Ao 7|18 S e
At FEAYS Y AFEEY HF v
ol o] 97]AH (countering emf) ] aIH= AR
A5 352 Welshs Aot o] avte XA
o @Aoltt, AF7F EAlolA g gholl =get
© A5, AHAE H o BSHA] 3R Alolal o
7138 S H o]} YEhUHA| o= Aottt =
ol FUglol Walstar Q7] wizoll, =gkstef vt
Eohe FE8ES A 7HSke] Hidlelt), =
EFE S 97T henry(H)2he Ao 55

o]
an
ot
e

FdL ZAA B ujRAA O] AAA 9Tk v
AL 71, o, SehaE, fe) ol A4
Ae A=A dial £ A2E vistal o et

© 0o

Qorlt BAR UA, A, 4, Ex =y

NEERE
sx0z tﬂi}ﬁ &

FEAFE 5o
Weiol= 7| or deA S, o HOPE.H% -ﬁ’-
cEdE gty Han X, BeE Jehfglar, 1
213l F(ohm) o= ZAE, e o] 54
= E3F 29 HdT AR Abelol| AHelE R
Soldith, el 2o] ofsf vhEo]Xl 94 o]l
= P AGer stojg ARE A B S,
FEA S| 2 (inductive circuit)e] A2 AF77} &
argholl =esby] dofl Aol arghol =gttt
A
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0

1o
Dl
1
o
g
4
1
E_

~J1L 2k X2 3= —4 T HE A, 9= ohm
olal, fi= Fubgol Thl= [cycle/sec]olth, 1]
1 = 3,1416°]c},

13 2-189)|4, W FA A Z(AC series circuit)
© =8 0.146[H], 34> 60[Hz]oll A
HO[VIE HojErh, g ie ohd Wil 9f
o A7},

X =2nXfxL=2x314x60%0,146=55[Q]

L=0.146 H

@ 110V AC 60 Hz

()

[l 2—18] AC circuit containing inductance

1% 2-199} o], wRAAs| oA, $Ee
"t ARslRols Y2 A5 2ol %7}540*
o}, slzol A Ao
3} 2},

4

L

rm
[>
rlr
Ji
N
1o
Jo
H1
2
it
o 3

X =X+ X»,=10+15=25[Q]

XL1 =10Q

@ AC power supply

Y'Y Y

XL2 = 159

[ 2-19] Inductances in series

a9 2-20 Zo], HEE AZd d9E A

A=A HH3] 2 (parallel circuit)ol|A] A
S

A Ay FAdsk oz gt aER
g2 Jd4" =g AA FEASS 23
Fdgus
¥ 1
| 1 1
+ +
XL1 XLZ XL%
1
| 1 1
15 15 15
=5[Q]
X,1=15Q X,=150 X3=150
©
AC
power
supply

[322! 2-20] Inductances in parallel
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2.1.7.3 €3 g)HE A (Capacitive Reactance)

A& (capacitance) Ak electric charge)
£ Fobre SAolth dRtdo g A=
A=A Aejd 2709 BPHoz o]FojZitt, HA
S-A A (dielectric)g}tal HEc}, #

d

AT O] 2 ekl o3 TS W AAE
Adehe s 2L Sl AuAIE = 7ol

o o4 %—Xﬂﬂxl ge o WAE ARAR

f
rid,
o
r_>i
o
fu
=
2
N
=)
>,
a
"
N
N
i
4o
)
2

X
B
H
iy
oN’

1§A1 oq5S s}u}

71 2&t9l= w3 (farad)ol® &4 F
2 A ‘_‘:}. 1[farad]= Az{AIE 9] ol ZAA
2=l {[coulomb]e] Aslo|tt. 1[farad]
© B JY A Foln, HA A
A olEth B A2 w97F AREET 1 9=
10™[farad] 1 microfarad[¢F]¢} 10™[farad] ¢!
picofarad[pF]o]t},

YRGS A el ] B2l Yol

ox
2
OPO
12

v 2 B2 HehE 93t 37to] Sl Aol

(2) Bgute] FH8=F2 ot Afolof] Agfof vhulE|
g},

3) A= BPRY JAgFol| dFS =t
AFo A S (dielectric constant)< 10]
i, 571 10 of: 7, o XHEE%E
F 371(Ee AF)ol Hlasto] EAT S
2=t

g 2-213 o], wi7F R TheiRs u,
o] Ash= Fglo] Wskeitt, oA A7t A
Sof YolA] X2 ZolA A|Age g 523 Icf
ol XollA Y& FopA] HhAARFe 2, thA] YO
A X2 ZobA AANFOR S 34% A&
HIE AF7F ASAE S o
SEA d2AlYE, dRe XQ} Y Afoofl v A|

3|zl FAfe] T2, o] ARt AAIHE
ezt wEsk EH AZFR| o] vt AT A
B7k RS E FHSAG EE $A o, 94

FA EE AL Y9 ol HEo] A7to] &
FEch A Hel| AR At w7HE o8 Hele}
A et A B YA v 2] AN

time constant)oﬂ ule} 2%t 248 =)

AFE stola A= ‘:?1”\174] ??_‘3} 5 &
(capacitive circuit)®] M= Heto] g =
gopr] o Zargkol =Rttt
SFedd s S =7 kgt gol o7k
580 AgaizAlol et Awolt}, Hzo] &
gl Ae D2 o] FARFT B2 o QI7but
of whalgetct, A8 E= Q7R 5 o
A sh7h F7kshd, Wil = e ddAs 2
A}, o] WAl v o] FolRid,
A7) X=8FeAd 2L, f=c.p.s[cycle/
second] = UEPH Fiab<>, C=farad= UEFH A=A
&golh

ot
o
o
u

11‘ 4> ofl :lm
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1
2nfC

X=

19 2-2191A4, 17Fgte] 110[V], 400[cps]o]aL,
T3 ZhlA Q] gl 80[ur]Ql A EIRE W

oz}, gapelolElag) SEE MRS T

1
2nfC

X=

S HEAE F3l7] Hste] b g 4S 9]
g3t

HA AAgeF, 80[uFlS 802 1,000,0000.2 1}

0] farad® 11T} 1 o]+= W9t microfarad”}

1[F]o]7] wjEo]t}, 0.000080[F|E Alof tjlahH

1 1
20fC 2x3.14x400x0,000080 [
o
—> «—
80 pF Capacitor <
AC generator . ) X
@ 110V @400cps Dielectric —» /\Y
R — > «—

[222! 2-21] Capacitor in an AC circuit

2.1.7.4 YA A (Impedance)

AFI RN HAFEFY HAALIE Ao et
A RE23 A 72 AR oA el A A
e A Teal SR AE A k2 WRIRE

oyl %

oA duf At g, AFIRA AU AFE

AFe 2o ek M gL 2o =
ST ALl flaL TR Aol i e

LU
tokt
U
N
Y
o
o
fu
rlﬂ
41 7
ox
)
2
pacs
i
)
jnies
1=
rd

= £ —10[A]
R 11[Q]
R=110
AN
110V AC @
I=10A

[312 2-22] Applying DC and AC to a circuit

T 2-233 o], ARt ER dad 2

7Hel Aggkol lthd, AuE A 920} A A

3} ek, Wy T5lo] ARSIzl T AT
sto] ALk}
Xpp= —— = =g
S U S U B
R R 20 20
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P A=l Wl Ri=Z, &

= £ _ 5] =5[A]
A 10[Q]
R =200
50V AC
6" Power supply § §
R =20Q
(A
&)
Ammeter | = 5A

[212! 2-23] Two resistance values in parallel connected to an AC voltage

o] Bl Ze= Re®t 2A gtk A% =g
HA B A A AY st 4 glAuk, A
P FEATE AR Ao r Agste 7 7t
Iy 2-249
A%, FEARY, 29a Juds Atolo]
A A2 os A o Sl o] Al 744
AZ 7Y o] Wofl BA Y] s, dods
L 38 gelaels A (Pythagorean

A ges A4e 4 gl agER

Impedance

X, - Xc z

Reactance

R

Resistance

[212] 2-24] Impedance triangle

flo

S oy
r

I
i)
v
DO
Ut
o
My
s
)
12
i
i
=

2327} A}
8 Ajolo] B

AL fEelorise 43l glo] Uel
w ol ag 2Ash) Sls) ALeE 4 ek 2
& AR X, dhAle] X2 dAjstel g
20k AR = 820l ow
83 4 9tk fEeloe et gepelo)

[e)
K<
BEeF AFe 23eh= 3lRof|A, ‘ITE7‘1 =
A~
nn

i

L
- 2
do0 o

e

O
o rﬂ
[>

SN

lH oA 2749 FEAGe] 2
Z10]7] wizell, B 2 gl

=

- 2-21
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N

R =6Q

110V AC
@ 60 cycles X, =0.021 H

(A)
)

[ 2-25] A circuit containing resistance and inductance

9 2-25004, AEs Q4% Ay =8
o7 o]Fofl A=A 3| =7} 60[cps|=A] 110[V]Y] &
ol A=t A axb= 6[Q]9 A e 7t
A= EEHZO]EL 83 A &xE 0.021[H]¢
oJolr}. oJuEAL Jufoln

2 A
o
Wzoh 1AL FsHE ARE Antelr}?

X =2nXfX L=2x314x%60%0.021=8[Q]

chgollt AT HL
3t

(total impedance)E Ak

Z=|R+(X,— X" = [6+8

— [36+64 = /ﬁ =10[Q]

7ol diste] Aire wj 4 FEgaFel oyl &

o
917] o] ko] AHE e giAbol7t 24

Rl

1% 9-263}F ZFo), 200[uF]2] AT A EI7} 10[Q]
o] Mixzof| AR AAE A Ro|t) duuA
‘9] %}]\—, xj_‘ﬁ‘, .j_l:qj_ X’]—C%]'7]Oﬂ 7413]_ ;ﬂc]):}- —6—% OE_]

ufel7}?

R =100

@ 110V AC 60 cycles C=200pF ——

®

[ 2-26] A circuit containing resistance and capacitance

1A AHSFE Y [uFol A F3 (farad) 22 31

2}, dgt mlcrofaradﬂ 1[Flo]E&
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1 1
X: p—
21fC 2% 3.14x 60 % 0.000020
= ! = 13[Q]
©0.07536
Yo ag FohY

Z= |R+X* = [10'+13° = 164[Q]

o] ?j2= A AT &7 Aol7] Yzl

AF7F AerS: kA= QAHo) 7} Q)

AnL
T

A7) Epell A9 wifslzs
Er=IxR=6.7x10=67[V]
ATRAIE (Ep)oll A 9] o] 2e
Ec=I1xX:=6.7x13=86.1[V]
AF7E AYS SAAL Q7] giZoll, o5 F 7HA]

e e QPG A U PLE T

517] istol ke B4o] 2alct,

Z=[67°+86.1> = | 4,489+7,413

11,902 = 110[V]

S27k A, HESY, 10T FASFS =F
), YuEAE o] Sl ke A AT 4

sict,

Z: Rz‘l'(XL_Xc)Z

a9 2-273F Zo), 7[Q 9] S HEAE 74
I Q= ATAE, 10[Q]Y] FEYAHAE 714
9l eldE, e 4[Q]9) AE 7R 9l
= AR o]Foxl AR Yudie At
°17}?

40
AN
@ 110V AC 60 cycles 70 ——
100
Y Y Y\

[ 2-27] A circuit containing resistance, inductance, and capacitance

Z=|R+(X,—X.)? ={#+(10-7)°
p— /275 pu—
I= By _ 10V]
7 5[Q]

+2-23
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= 2—2801]/\1% Exampleol Al 483 22 158)
29| AWAHE Hojze

Eg = 88V

@ 110V AC 60 cycles E =220V ——

Ec = 154V
Y Y Y\

[22! 2-28] Voltage drops

2tzte] AYEHE A SIl, e B
2 o8,

Eyx=IxR
Ey=IxX,
Exc=IxX,

529 TAVIRE Aus] 4, 221 %
et WE g o) gato] tiafof wic,

Z=|ES+(E,—E.)* = {88+(220-154)*

= /88+66 = [12,100 = 110[Q]

2.1.7.5 3 E 1+ 3] 2 (Parallel AC Circuits)

HE W73 2 (parallel AC circuit)E & o =3t

gelargbA 9] A2 (Pythagorean theorem)s
]:]

&

st e alzolA] YA Tab] Slak w4

o ot 2t

a7 2-29¢F o], HHEI = A Yy
TF3l7) SJElA, $A SFejdiE et el

£ F3tt}, microfaradE farad® ZH3HA)7|&= A
713t}

1> i

m{o

110V AC
400 Hz

@ — S | L=002H

C =100 uF R =500

[212! 2-29] Total impedance of parallel circuit

X =2nfL=2x%314x400%0.02=50[Q]

1
X.= =4/Q
€ 2x3.14% 400 % 0.0001 ]

TS YA ek,
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L, 1
1y /1 1y
‘K}?>+_<Xl _-Xc>
B 1
)+ G 1)
B 1
~[0.0004+0,0529
=4.33[Q]

oRo| A AFoEe oI,

- E_ 100[V] —o(A]
R 50[Q]

1= E_ 100[V] o[ A]
X, 50[Q]
E 100[V]

[ = —/— = =25[A

T T ug W

Z= |1+, ~I.)} = |2+@2—25)

533 = 23[A]

2.1.7.6 AF3IZ Yo Ag
Aa AR7E AEe AAs| g, w73
2o} AF3|Rof| ofsf AHE Mo ¥ FAlE)
o, 2y wReA, ARe IRY AYgY =
A5} ol A ghrolrt, LRI Rof| SaAl
aHlE A 7P 2ea 3R A f
EAY g9 ot nRIRE F 7] R
783 Qe st 3& 9] A3
ofaf) wrEolA L thE shts 3RO FEA o

2.1.7.7 A2 (True Power)

olf WFI|Ro|A e fFaMHS HE 3R] &
A9 (working power)ol2til HEch FaEAE
= 3820 A3 FEo| oA aHE Ho|n
watt(W]2 2A =t daxdee 2z P 7|3=
ARgah B2 el Ao oJsiiA] EAHEC #

BAYL oS 4o ola)] AAbEr
P=I"XR
2.1.7.8 YAA 2 (Apparent Power)

AR RN WYL dufj= Sz FaA
& (reactive power)Z} Teo] i}, TAHZ L A
i} SEAY BEE 23E= A9 3R] 9
SflA AxmlE Aot e A S 7|38}
T3l volt—amp[VA]Z =4
At FARAFY Folrh, /gAY o 54l
OfsljA] At

S=I'xZ
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2.1.8 9E(Power Factor)

5 Apparent power
g volts x amperes
o
[
=
i3]
@
O
o
True power
Watts

[212! 2-30] Power relations in AC circuit

ofge garT P Aolo] 524l 7
oA Bl G gl
ol2 27, A8 ﬁiiﬂ Shaplolet A4 A

et

Q
off ofsf A4k

PR True Power[W] 100
~ Apparent Power[V Al

]i/ﬂ a7 2-3194&= 50[V]

29518 wojze 5)ze) A
4 A A 3Htotal resistance)
o] szof tisf Fady, e,
T,

P=I"x R=5**x8=200[]
S=ExI=50x5=250[V A]

TP 200
PF:TXIO(): 0><100:80

|| A~

Capacitor Inductor
@ 50V AC power supply Resistor é

<

Ammeter | = 5A

®

[ 2-31] AC load connected to a 50—volt power supply

AEL 3 WEEEA el £ 9t dES
UeR 7] $fel WE-8-S ARgatH, o] K9] ofofA]
32 80[%)Y &S 7%@

2 Hlof| Hlﬁ‘) = UJf
.}, 37 ZREA7|E dEbg oz 90~100(%)

Atolo] JER FEofof gttt IER g7
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VA

A7 g AAD 1 9Ee 1lEs] Lsk= A

2 e Fasltt

rfr

2.2 37| HHE{Z]

F57] W= dE =
power), HAA Y (emergency power), AFHA
83 Ad a4 S3h 7o) thekst 7]
e Al AREY, dRE 2F AHEETE
A u) el 2l (lead—acid battery)S ARE5FIL tf
HE Al sk E|o AFesrE s Ayl B
Bl 2] (nickel—cadmium battery, NiCd)E AR&-3t
o, 2y o SAEEE Y] FEe] wiE =
Bz ghabgdu)g 2] (Valve—regulated Lead—
acid(VRLA) Battery)E o8& 4= qlch. §4 4%
of 7 4ok v e = A, 7H, #u, By E
WA, A, 2Pal FAE 22
£ 4 Saof weh depiih,
Ho 39 W42 8 B o & 7Hr

AAFA A (ground

OFA A} BFA)

2.2.1 HiE{2| £

337 WElEl s B Bplates)o] AHEE Ao
oJajA TrHE, 714 %_‘t&?ﬂ‘d % 744 39 H)
Hele Sl e} YAzt Ble glo]tt,

2.2.1.1 3Adv] g 2] (Lead—acid Batteries)
(1) AAZ3A i e 2]

(Dry Charged Cell Lead Acid Batteries)
O 2-323 Zo], HAAulEE (flooded

A 8] (wet battery)® &2l
A4 F A (dry charged cell) ZHAbdulE = &

5] 2451 A2E A2, = gow 2wt A
sfjo2 ARE- Alof HiE 2o HFEm wiEe] 4
& AsfYo] HEHe ul AR, 7] 4
A|(storage battery)= & AZ4% 6~12 HA
A (Lead—acid Cell)& o]FojzIct, 64(cell) HiE]
2]9] 7|2 (open circuit voltage)2 2F 12[V]]
A, 23 14 HfE ] =AY oF 24[V]olH,
N2 Fatoll AAEA] b3k o] vz A
rolch, A7) uE 7 34 $9 o, S=
ol A Y ARarE oA wEA U2 FAo,
SR oy ERFE PYEL Ao vt
Alof| A 7k271 sk Fol frash= A7) o]
Aok, Bz e A 271400 &9 2

o] s,

(2) B -=z4 AP E] 2] (Valve—Regulated
Lead Acid batteries(VRLA))
% 2-333 o], WE -4 shibdulE =

- 2-27
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[22! 2-33] Valve—regulated lead—acid battery(sealed battery)

el glo] ZEkAs WE Aejghe] 44 e A
sfole il Qlar, Wuj= W FulE 2 (sealed
battery)2tile -2t VRLA sieelolA 7]}
P2 VRLA HijEf2]ofl A et 7hAA 2=
£ AlQlskal, M2 v el sdsit, ol +%
o] g 2le HEFs71d EHulsd ol AMg-E
w2 WAZFEFHE 2o diek HiA7E 57k
VRLA HiH7F 34 L ul, dae A4S
Y(lead sulfate, PbSO)¥ &2 FAst7] H3l,
H,S0,7} 9 =T (negative plate)ol| A F3 3t

st A, o] AaAadte S=2oA

2.2.1.2 YA7I= 54l g 2 (NiCd Batteries)
TI9 2-349F Zol, YAZIERHEH = Y

WS gl BE Afelelag, 443957, =

[212! 2-34] NiCd battery installation

flo M do0 U 1=
ol
b

Aut gto](Liner), A#o]4(Spacer), 12]iL
7o AlE2](cover assembly)ell &l &3] 117
. BiE el B AR Ao AJakE 7RAo] uy

372 913 WA A3

1 =i

TR oo
o
~
fr
>
10
)
N
o
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1

ol

7] viE ol A2 Nicd AS- Ag 2l 17
(vented cell) S-&o|tt wj7|AA1L T=H E
[=A WA E S o WA AbarbAio) 47}

HjEA|7]+= vl &9 E (vent valve) T

o)

>

A

[> rlr 4
=

)
2
oF

(Tt
(b
%9,

(low pressure release valve)S 25

. OIS TR wijE ) ARk S, A,

o L e
o & R
FIF
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(battery charger)= HIE|E]S] AEE A8k &
A3 ohg 3t e A5HS 7hAlgiet,

ORI

@ A227(-40°C(-40[°F]) oIs})
@A =43

@ N3] 2 (open circuit)

® w2} 2 (shorted circuit)

gkeF wiE g5 77 Aoks wAstd, viH

7= AXL A7 FEstH A A” (ELMS,
electrical load management system)o 2 A3+
ATE Bdt YAZIEguliE = wiE o] 9
71 2=7F oF 16~32°C(60~90[F])2] #9] el 9k

= U BAGFeE A5E 4 qUnh o] HelolA &
Lo TVt B Hae Eolv §HoR AFHh
UAZt=galE 2= v e o) 25 Alojs] -?4
o Sl E 23 ok 39 2-359) 2o,
C60[F)E 2ot =& wiEe] =9 A
o] Age JEZ(thermal runaway)dtil 2=
&l ol=A & 4 Stk viE o] == okt
59 Shwels] Slo) Balglol AR, BEFe
ARG RHEA ] AFA ShollA] YATF =)
El2]9] NiCd s}stefso] ot S| = o] o
ofd 4= QUL o= A& Tk 2ot SR
of 71<lgie}, sjk ojite] b A EE 38 12

A% (low charge)2 th9] <%t £AE W

4k
30
T

O = A
® 27he o=

® 28 A AY
@ ©% 37k 4R, 1en
®u% 37ke 2%

gkeF wiE 2] £&71 7TI°CA60[F))E Ztet] A
of HHYFHY(constant—voltage charging

source)0] AAEH A A el A3lalzl-go] vy}

2.2.1.3 £3F(Capacity)

g2 ALofA A (cut—off voltage)
of sl HYAIE HHE(discharge rate)d] °|2=
Ampere—hour2A4] AFgA oz A=) A
o *é';} O.1[V]eltt, HiE ] Fa&F2 Hhay
22 a2sd] o

(1) A kel

Al AgtE,
e 2k, BHE

29,

go] %7, shEglel, 1en W
5o) AgaAe] et Aol

- 2-29
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0

1A Fg(high current rate)o] AZAFE(low

current rate) ot o -2 S *J%?}E}.

@) &=
S5 Ag=H(voltage level)= BiE 2] 227t
16°C(60°F)oNA] 32°CO0 PR &1 we Ittog

4) F4&
7l 54E(charge rate)o] &5 ] & &5

= AET

2.2,1.4 357] viE Y 5
(Aircraft Battery Ratings by Specification)

e 2] o) WE1 1A A2 A 1.67[V] B
71 o, T 24[V] SbduiE oAM= 20[V], E
+ 12[V] b gollAl= 10[V]e] wie 2t
2 1[hour]| §<t A&¥ Aot} Ampere Hour[Ah]
24 ST AR S e WA SRS
(end voltage)7FA| 2] Al7Hhour|2] Fo|t},

BJAFE(emergency rate)S 305 [minutes| £<

FH 20l Fgshe o Bagh dulojz ST

Z=H3Htotal essential load)o]c}, viE] 2] HA-E-<1

AL ATk 1 67[V] = 11 o)A, = 24[V] AR
e 2o A= 20[V], E= 12[V] & Jﬁﬂﬂﬂﬂﬂ]/ﬂ%
10[V]2] vjel2]Aeke & 30[min] EoF 2|4 =)

o)« rf
e e

2

2.2.1.5 A% A A4
(Storing and Servicing Facilities)
Al sl ghibduiE e et YA EFuE 2

Mo] A AHo] §A]5o]
Fo. AbgIsalo] o]g)
Eﬂaﬁaaoﬂ 4742 o
A9E ek, et 0y

]
UEEES-RLEEL R %dﬁg R

YU x| Qo spibduliE et YATLEFlE
E A5t AAsk=s AL dds] Ydsiet Oz
g AF N ooz AAF A o]ele YAtE

BHlEe)E Tajsla woe] A9

2.2.1.6 vj€ 2] 24 (Battery Freezing)

3 2-13} Zo], Yo lEE I W A
e 2= Asfo] Arjer Qlste] whEAto] d
= Atk FelE WA A8l 1.27524 242t
o] Ao} HIFS FAAIZIAY B, D84 A
el 2o il HEAtS At YAt
CEHlEl e AN S (charged state)t W
(discharged state) Ate]9] s}stslzl ¢l7] wf&
of Axof mIzskA] et ey Al of —59°
C(=75['F])ollA sZ7ITt

ot

NOTE
84 (load check)e S22 wiE ] FEE

ki
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[ 2-1] Lead—acid battery electrolyte freezing points

- Freezing State of Charge (SOC) for Sealed
Specific Point Lead-Acid Batteries at 70°
Gravity

°C | °F SOC  12volt | 24 volt
1.300 @ -70 —95 100% 12.9 25.8
1.275 -62 -80 75% 12.7 254
1.250 -52 -62 50% 12.4 24.8
1.225 =37 -35 25% 12.0 24.0

1.200 —26 -16
1.175 -20 -04
1.150 -15 +05
1.125 -10 +13
L 1.100 -08 +19

2.2.1.7 &% B A (Temperature Correction)

nj= 24 gibdulE )= Blse] 1,275~1.300
Atold o eHFHe® haHTt 27°C(80[F]) 9
sl oM AARTAZ Al Wl 1/3
A i el oF 1,240 Yebl L 2/3 BE b
Bl2l= 1.2009] ¥ HoEr, T2y & 2-29)
o), LR HlF V=S A5 S8, 2=E
> HAHFA AA o HgEofoF ), & &

[ 2-2] Sulfuric acid temperature correction

Electrolyte Points to Subtract From or Add
Temperature to Specific Gravity Readings
°C | °F 12 volt
+60 +140 +0.024
+55 +130 +0.020
+49 +120 +0.016
+43 +110 +0.012
+38 +100 +0.008
+33 +90 +0.004
+27 +80 0
+23 +70 —-0.004
+15 +60 —-0.008
+10 +50 -0.012
+05 +40 -0.016
-02 +30 -0.020
-07 +20 —-0.024
-13 +10 —-0.028
-18 0 -0.032
-23 -10 —-0.036
—28 —20 —-0.040
-35 -30 —-0.044

o, 1.2602] AAHFALE 5CA0[F])] dafH 2
oA, s o] HAH WS 1.24401H,

2.2.1,8 vjE] 2] ¥4 (Battery Charging)
FHEE E= AU s He 337] HiE
2]9] A5 sl v, Ao whE WA, Tl
Hief 2] ago] o274 ok At Al w7t WA
5= Sk 2 S AT v 2] Al 4= Aol o] THA|
T a5t oA Folxl FH2 ol S H
uket wfE g oA o|AI7F ' SrEe vES
ARttt FHAbdaiE oA, A M2 2 35[\/]
2512 otof gtk YAZF=gHE 22 73
%ﬁﬁ?ﬁ ot AR 9 Ao whet ‘é}a};ﬁ‘:}.
S 1L4~1.5[V]9] gro] YA o= ARR-Hrt, o
HHEW}J\FJ WIS gEES jhr

=

it m

=2

o e 2] S A A A8 A . g
a3t %‘jo‘g TEY e MR =
ol viEl o] 23 AdEch H
B8 7|7k 7HE E AL QIR 2 uf wiE
27F Bl 4 Q=S gt

719 ek w72 AAE & (field circuit)
of AZH AYzA7]ol el FdsiA AlojHt,
12[V] Ao A, 7] o] [k oF 14.25[V]2 =
), 24[V] FRolA], 242 28~28,5[V] Ate]
o glofof gt} o] o] EAE ), wiElg]

i)
55
>~
4o
N
rlr

€ Sske 27Is AR w SAH A e
o, wiE e Bt SoekaL, AR A Eole
Al ek, viE 7 s SAENE W, e
U 719 HA G} A H AL, o A2 AR
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0

Ak,

HiES] Ao el AR AT W, AE
o AHAS FAATE AY27E A2
o L8t G2 Sof d2[Ah)e} o], thee
WlE|2) 33[ARJeH 2E A gapuEl e net o
o AR gith A hgEE PZo| F
A3t A ] e W, T3 AL BE
) Ag R o B2 FAAFE Boj5a
o AL S S ) AEEs
Aot

(2) AAF%H(Constant Current Charging)
BAFRSAZ 7P AAe oy v &

U A LFA 7 o] S57] wiZe] HlE7]

oA g =g S8l 7 golsitt. A
AFTAANL B A4 dRds 2ARE HE

—

7 AR712 o)Rolict, W)
A7) A 110[V] E&= 220[V] 27

ER WEe b AR weoF AARSAALE

e A% A
2 Aok A

1

(constant current charging system)©] AH&%E|H,

AT v g7t ddskAY = deskA 7t

A5 M) e R0 2 JAHES AlgE o,
P

of wiel2|7} AE 2 AAEA Pt

i)
_{
lo

Aok ot Uit oz YATIERHE =
do] 2oftk 1.55[V]ell =gs7] Aol 1[CA]
o vlgR FAshe AdRsdolt, = uE A
3 BE Ao] Holw 155[V]ell =Ysly] Ao
0.1[CA]= o]ojXitt, ddhd o= 7L 0.1[CA]

o] vl &= 4[hour] o]l A7t <t IFH E
= /Ao R npelHEg, BEHe] B3
oF WE kA (gas)7t S=olA pa, FFOA Ak

7F HAEA o diols 2ok 22 ke HiEA

AAg et 354 e 27 Alol, At
L6[VIE "ol7tar kol 48] "ojz|7] A&
gy, AL AMRoflA 1L71[V] olAF Ay =
+ 1.55[V] oJst& "ol #| ¢rotof qitt,
SAE HE FH(vent cap)= EAY M-S
slof i}, &A o)A b= wiEe Al o
7VelA gt E3h AL SAAFI AL F

i Qe setell F7HsAe] 4] Aol o

—

o 4y
2

il
i ofy

Ll

A~
T

1
rlo
-3
i
©
e
HU
i)
K
ox
o
i)

W 2ok cha) esjof it

2.2.1.9 vjg 2] HAAHBattery Maintenance)

HiE 2] gArARLel Hu|dxl= dkehgste] 53
I FAGAY ol uhet WEith 4; e
Az2AL QIZVEAE whEr), g 2] A5 e g9
Lpo], S|, FA8E, 8o 7|1AIH FEA

wzm, chgof wet HE 4 ek,

@ g2} o] i volE A8l s, e
oA wiElE] o] ARARE 7| E]0, viE 2] 4
A Aol g dole d571gw LA E

= 24 n| DAl ol /A3 715 = ofoF dit.
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= 7] 4] WEje) ol
o o3|, ewo} 2
sh7 aclof ols, 2w wjAla 7 U el

g
73
<=
FA] B B Ao o3 A} e
4
=

© Wjoe) Ao} gre B BAE vk
el Bsjole] vgg ARe] 99,
AAFAZ ATt Ashole] Bolulols
o 3o Al HEolf=AE dolstct 0.050
ool Bl 1}017} e 2]e] Al Afojof A

ek Welels fasel A2 o B o
sy WA melejelor g, 909 o
L3R4 BEo 2450 Asole v
s e

@ ele] FAAE s wE e AsH19) $
s7le] A a3 AYELt Y15

1S

S EEEERAKICY

6 AAs 741" BARL ol ET]ziAfo

[e]

= = T

nwat ohe} shEglole] Hekeh 42kt uie)

27k At Aol Hele v HFHY Ha
A

sRlshy] glaf WA solok Gt g

belel Aslo] A e el

2o
T

2.2.1.10 v 2
Charger Characteristics)

19 2-363} o], YH
Zlet wiE g7 389
& =T AlTEHT AlES
§o2 Qlsto] ARy oE
off tiali= AlzAbel 225t

%77 EA(Battery and
= YRkHQl 357 Hig
5 Jo 2 AMEAE %A
2 7|9 AR TOE 4

itk EA A=xlr

710 *Abe e

(1) 3AbduiE] 2] (Lead—acid Batteries)
Hlj 7] 2] SRRl E 2] (lead —acid vented battery)
= F 7 EE(volt)9] 3344 (nominal cell

voltage)= 283 Slet. HiE 2= 7H7H 9 @Q o]

RFBO-K

| amet,. CHRISTIE

[22! 2-36] Battery charger
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o~

QI B&AL Ay 9ls) 2e) mio] BT
w7} olet. %Hsl 249 wjE e A2

Ak HEHL W71 4] Akt
o} 7]9] %wxm Enze

e d
b E

LR S| Q.

i J*‘ﬂ*%’%ﬂﬂl AE=A
T oE #8Y T éo HjEf o] sl 2,
= 1830 A2 A= =2 4

-
O O =
L = WHES FAISH

ol {
r>~
1A
=
i)
AU
[‘IL‘
o,
)
2
2

(2) YA7t=5uE 2] (NiCd Batteries)
Hi 7| A A7 E e E = 1.2[V] SAAA[LS
Zkn Qo W = FFe] M7k AR

%
3 BLAL YA 9l arE

Q]

¢

g wAsHA =, wiEee £18e 59
[year] ol¢ A% It} AAL o 98

= T2
o wijef2]of 7} ==

FI
;O

ot

LA AT E Bl G v At
=gifelelot fARkA, ) o] B3 9as
sh4 grth O[VIZ WiEele] e e 1749
ool Aol HZbel A EAFS Aod 4 9la, A

Fol Atz A= viEe] 1o ofojxie}
UAZIE g o] FAMEE FAsEdE A8
Hol v|F o2 o 4= §ick A v|F2 F4

AFEielM oA etk YAZIESHE

HAbeE 27e7) 95 Ha wagg o2 YAz}
=guEE 24719 ASAAE YA S et
o] ofa) St W27k S FAE T 24)
Zhour] o]4F 7|tk ¥, Wasirhy Z54 EE

of
2

SHSE ARESe] FAIH(fluid level) S 247
AL SA/gE oA Hﬂom rrﬂfoﬂ HHE] 27} 60L
711 3

SRS

AqAs HHEia]%xW =
£ fal AsEc 4d J

o] ©hekE Alo] EAshH, 57104 uiE 2] 2y
of Mgt SHOE Qg B, dEF S 52 Yo
= 9tk B2 F(pulsed—current) BIE|2]&A 7] =

2 YAZIERE 2 E Al AleE7] = gt

A gl Ao wE el gat M E

O
AEAAE Agste AL S8t IEed

(reconditioning cycle)¥} &# <% (charging
9 ol %
FE7|AZA] SJef e HEEA] S

ki

Z A Al (charging regime)+
shojof

cycle)2

2.2.1.11 &5 7] g2 HA
(Aircraft Battery Inspection)
7] v AAbs oS FEe s o] fojRinh
@ e 2 et et flsl e Az
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(Sump Jar)2} 2kl (Line)& #HAFSICY

@ F-4(corrosion), F4](pitting), A& (arcing),
a8al 55 A (burn)oll tafl wiEl 2] Tkt

AgEeEea 293 d(Pin)S HARRIT
A MIESHA _i,

@ AR, FEAs}, 223 S Hs) uiE 2w
T} S AARRIT

2.2.1.12 37)#A] (Ventilation Systems)

Adi ] H37)= e SRS 5L Qe

WA= AEE 20171 Hel 7liﬂﬁlﬂr°ﬂ
&= wiAIAZ17] Si8l el e = 5E 7Eaof A
FE AlA I_“:}. 37 e Fo v
TFE25E A o] Ao YRR
Hoh 37 ] el 27k, 2ea A A= viE
2o W 95 TRt F thE FEE Fsto] g
2] HEZ(sump) = 29T o] HZ= 24 1[pint]
&7 e E= ST Folrh Wole =3
[%]2] SRHAIHERS §Ho® 23k oF 1[inch]
FA9] HE S E(Felt Pad)7} vt HZ=E AF %
= FH= Felt Pad?] oF 1/4 H=7H4]
o2 o]oJAt} QHEE t]AZEA| EE (Overboard
Discharge Tube)w= #3ZH 9] 9jof|A] w|d)7| u}z
ARG olojZitt, o] FHO| S+t M7t &
g} 2o Q)L = AA Y FHo| Fol(negative
AA|E o] Qlt}, o] A A4Lof
A i ] o] RS AR HF7] s R o R H5F
3l 719 5% SHE ot o Tol Hof, A ¢

Z:

Mo o o
(L oz ore b

CJ‘(

pressure)®] UYL= A

@ &5 #9
5700l Azt
51A| gt

@ b g A

A E S YAZEwlE g 2 2 A o,
e 8] LA B AR AR S AFksE
o}, v ks B i Al S ST
= 3] Al-star AT, H|gu i
o= UAZF=wEuE e &bl sl HEetE o
Qlojof st} AR (acid residue)= &z A9
ol FHAbduE oA s AAH,
el 2] o] A3t 2kg-of Fae 4= Sirt,
@ w2 2]

v g el 7tAs FHYSE Be o HE
A 9] HQlo] HaL A3t k|2 FAkE|ojoF 7F
o 1A= 7HE viE A o] &

5712 AAsHAY eHgE ¢
Z3le = et (ram pressure)< ©]-g-gtth Hj
718 AFsd e A &Y A ofoF s HL
H Mgy AUk Aol Aok g, 2kl
(line) AA|= A2 7]577F 28| AU Wafist
e 2] WA Be 350] fl=S 3t

@ ulfE 2|3 =2} (battery sump jar)
el 2] A o) A2k wiEl ] A HEE A
25tz Sl 271 A| o FAEA e, M A=

ojxlel wiE2|e] LlFmHS MR

Ol
rir
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23| A= olof 3l At FRHAIE ARESl
of gttt HxA= o4 HiE2 BV1FA 9] viE

Zof 93| 5jolof 3he},

connector) 2 AME-G}A] Sfrid, 6;}33_7]
At e E] et Ad =)
AT 39 A

® viEl ] A= FEof A 5]

G710l e S A2 o, wiE e gAke] B £ A&l ﬁisa} FJF%} A& S Q8 gt
oJgt wehs WAah] S8 2AGHES git), 2y 3] AAE A=A FRIstcE

Q, <jujot th2 ABEAAE FFHAR7)7], HA,

A8 5 T2 7] e Fie S A 2.2.1.14 1AL (Troubleshooting)

7ol 4 A] 9] =2 ol g Qlrt o] S o # 2-30AM e IFFTERE BoET,

HE A5k 52t @A) (terminal posts)

HAAA ] = gy, viE S AASH| 8 2.2.2 ZRET7|9} H|of

A HA =AM (grounding lead)& F-ejskar, Z1tk (DC Generators and Controls)

ol FF=A (positive lead)S &ej7tet, 42k Al

siE gle] Aol w2t S Hastsr] $sl AFLA7= 7IAAUAE A7l A = ¥
el 2]e] HAZAE vpA|go &2 AFsict gtk WAA & = dRol, AFLATE AR
© Hiel2] E 24X (Battery Hold Down Device) 2 Aakeln] gubdo g Agalgr|oa] B 4 9l
e 2] Fag27) dheetx] ghelsta, 2L v ot 2 A, AFLER/E FFuF71(DC
El2]o] Y] glo] H= vl E FEe alternator)?c FE A BE g7

Al sHe zakrelo] A ES Y
HL b,
41255215 WE

‘%‘_}‘%k el e =49 watE
(quick—disconnect type) HJE]Z]AYIE

s
EESET L

Thes] so

o HE o5 FU

253579}

(battery

[E 2-3] Battery troubleshooting guide

7l HATE FET)e

% As7) flsh A71dAE Akt
23 HAS EEskal AARL
AFEA7|E ofF H2n, AREAd
A 71 el sl A

Trouble

Probable Cause

Corrective Action

Discolored or burned end connectors
or intercell connectors

Distortion of battery case and/or cover

Dirty connections
Loose connection
Improper mating of parts

Explosion caused by:
Dry cells
Charger failure
High charge voltage
Plugged vent caps
Loose intercell connectors

Clean parts: replace if necessary.
Retighten hardware using proper
torque values. Check to see that parts
are properly mated.

Discharge battery and disassemble.
Replace damaged parts and
recondition.




S8 7| MAFE7|A7] Avionics for AMEs

Trouble

Probable Cause

Corrective Action

Apparent loss of capacity

Complete failure to operate

Excessive spewage of electrolyte

Failure of one or more cells to rise to
the required 1.55 volts at the end of
charge

Distortion of cell case to cover

Foreign material within the cell case

Frequent addition of water

Corrosion of top hardware

Very common when recharging on a
constant potential bus, as in aircraft

Usually indicates imbalance between cells
because of difference in temperature,
charge efficiency, self-discharge rate, etc.,
in the cells

Electrolyte level too low

Battery not fully charged

Defective connection in equipment circuitry
in which battery is installed, such as broken
lead, inoperative relay, or improper
receptacle installation

End terminal connector loose or diengaged
Poor intercell connections

Open circuit or dry cell

High charge voltage

High temperature during charge
Electrolyte level too high

Loose or damaged vent cap

Damaged cell and seal

Negative electrode not fully charged
Cellophane separator damage

Overcharged, overdischarged, or
overheated cell with internal short
Plugged vent cap

Overheated battery

Introduced into cell through addition of
impure water or water contaminated with
acid

Cell out of balance

Damaged “O” ring, vent cap

Leaking cell

Charge voltage too high

Acid flumes or spray or other corrosive
atmosphere

Reconditioning will alleviate this
condition.

Charge. Adjust electrolyte level. Check
aircraft voltage regulator. If OK, reduce
maintenance interval.

Check and correct external circuitry.

Clean and retighten hardware using
proper torque values.

Replace defective cell.

Clean battery, charge, and adjust
electrolyte level.

Clean battery, tighten or replace cap,
charge and adjust electrolyte level.

Short out all cells to 0 volts, clean
battery, replace defective cell, charge,
and adjust electrolyte level.

Discharge battery and recharge. If the
cell still fails to rise to 1.55 volts or if
the cell’s voltage rises to 1.55 volts or
above and then drops, remove cell
and replace.

Discharge battery and disassemble.
Replace defective cell. Recondition
battery.

Replace vent cap.
Check voltage regulator: treat battery

as above, replacing battery case and
cover and all other defective parts.

Discharge battery and disassemble,
remove cell and replace, recondition
battery.

Recondition battery.

Replace damaged parts.

Discharge battery and disassemble.
Replace defective cell, recondition

battery.
Adjust voltage regulator.
Replace parts. Battery should be kept

clean and kept away from such
environments.
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2.2.2.1 ¥4 7] (Generators)

7 2-373 o], AA|rEe] el o] {H
o] hollA dgsiit. ol dele Aol =49
g 360077 21 Wil 271 A7kl A
EEE AS Rozh 7R AREAre 9

AR Eoltt Hole A3} o] FrEE Mg

|

nFo

—

o,

=4 F2xZ(loop)7t AT =R FHEkL Q7]

2ol

208
N
=2,
v
>
i
)
rut
of
rir
2 ]
>,
op
(i
£
>
ity
ol
flo

)
o
o
[}
28
&
o)
o
@
N~—

H71Rate] o]F A9 #xg A7
=

Maxivmum

+ Voltage‘

N 0 90° 80°  270°

Minimum

)
Maximum

(o Voltage

360°

[ 2-37] Output of an elementary generator

2-38 -

7Rs A S,

2he] A AT, Z ARAE o] gte] jRA
R/ £YYS A, 71 EH AR
W77k QolAet, 18 2-890) 4, ZUe| HA 1
CEREE L EEREDCEREEEE R
of AFH, B AR Fedslo] ik, 274 1
A BeA HRAe] el A Ele] glonz

Z2te) BN ARAE 220} 3] BAlO] 48
A5 Z7re] Wol AESwEE HH|Ht
S

2]
FE 5 290 ARAe 7%

% 2-399] ofF 7hekgt WA wt o], 27}
AT o HejAl= ARAY A= e Hel F%
Ht}, Position A, C, 123 EoJA, HAlE B
2 Al Afolo] Ao F=Hl, Fx7} o5 91X

of A= i, BArE= AU }lek Position B

[22 2-38] Generator slip rings and loop rotate; brushes are stationary



S8 7| MAFE7|A7] Avionics for AMEs

Induced EMF

/ N\

N

1 Revolution

[212! 2-39] A two—piece slip ring, or commutator, allows brushes to transfer current that flows in a single direction (DC)

A, PR £ 2me) A Buo) S,
Position Do|A], F=H A= A7|A} EA412] 314

HBo| 2t} o] Fejo HEAL 7o) &

92 B Sda A 2UANA BAE BRE
Y52 WA, e B ) Fo YR

(commutator segment)2 7HA| 2L =, AlA|9] A
FUA7)= o B4g Aol
o] AFAF] H3EA(switching characteristic)

w2, HUEEAL G4 ol YO o]

£ Y&} HEshe Ao, FMEYAIE A

95 FFo R FHole ZUST FE5he Aotk

AAR Afs nFEE7 oA et npaziA 8 22

oA Ao WS w2 SlA|qE AFAF 2L

HAFE stolg AR3RE B AS7)E Foto] 4
o

shet,

a9 2-401} Zo|, & =
aro] Zviztat %‘ﬂi%k Aole] WEL Zoj5m, 1
23 B7719) BRAGS AL HA ARG] W
ek, Sl 2 2k Fel qaeu, E ThE 9
o] ARAREo] LT, 19 2

2 4FUH| YA LS HolE

A B Cc D E
L
=
W [
-1
8 \>\//
3 7\
0 1/4 1/2 3/4 1
Revolutions (B)

[22 2-40] Increasing the number of coils reduces the ripple in the voltage
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[ 2-41] Typical DC generator commutator

2.2.2.2 A5dA7) 9] 24
(Construction Features of DC Generators)
AFUA Y F THE EL MBI A
A} E(field frame), 3]A3h= A7|AH(rotating

armature), 181 B A JAEZ (brush

assembly)o|tt, 17 2-420] 4+ LWkl 37|

o A7) RES BolET,

(1) AR} E(Field Frame)

9 2-433% o), 2 F 7 7= L 9l
=l A71E dovl= o 2o A4S fols
= A, 2P @79 g FEs 9T 7IAAA]
A g8 ARgSh Aolrt, AR AR T2 AR}

“*(field pole)o]gtil H2L M=oz wke F4
O] 27}y 0o AKX, 52 AW o & QHF
o EER FojR|1l A FLA al(eddy current loss)
= Eo7] flsiA AHew vt ’3017\] A4 0]

lo
B

f{m
B

re
r)v
o
52
o
o
(]
=
toh
e
L
i
k=
T
offt
g
¢
ol
k=l
ox
it

Commutator
end frame

Armature

[22] 2-42] Typical 24—volt aircraft generator
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BRIt o] AF U
HPOR W] ALHS 1T A ARA S
o) olRALORRE Qojrlct WA A oIA 2

(2) A7]AHArmature)
4712 A7) &Ml &2l (armature assembly)

L o7le Axpaw o|Roiid, WAl F9l0

Commutator

[222! 2-44] Typical DC generator commutator

o, A7IAEAE A7AE T2l H55HA YA
7 (steel shaft)of] A€t A
712 AR ofsf mhEofRl A7 ol A
SR, AR} A2 A7 ol A A
(iron conductor) x| 2F&3}H, o] wjfof o}AF

_l

(8) A5 AHCommutators)

19 2-459M= dubERl ARAte] dHEE B
ofEth, AFAe A7IAY] Ente] YAk ok
HAAA = A E8tE FH(copper segment) 2 ©]
FolRt, A= TF FEALEE AtE
BYAE A7|AFZ Y (armature coil)T JE-3| =2
Atolo] A71AE BAste ARAEY] ol ¢l
A EARle, kA o7 &g Fre]Eoletal
=, & FRYAE, Had YA RIRR
21710 HejAlE ddgith, BeAls ARAY &
ol Sl= 88 weprl] Sl By A& e (brush
holder)oll Al ol ¢l = P LA =5 AHiFTh, He
A&} AF24HE (commutator segment) Akoo] 7]
A A4l 9it HejA|e} AF{AL Atolof mpta o
A AL EE YA S BEAIE 2ol flolAlA
AN WA E Bog i), ofzl
olfrE, Y¥HA o HyAfof] AREEE= ARe AL
19] gtaolt), ghie ARANY Aegt s
AJsl7)of| Fts] e of shal APt HejA]
Algst7)ol Fwd] gt Aolofof g},
Fo s 271 wzel, EejAle A

7| A8 A (armature winding)S ¢33t AFHEZE

—5}_,1 ] 7] ] o]

T+

of, i)
* ok D-IM

B>
1o o

A

O

- 2-41
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Y

| Commutator bars I

Y

Y

| Mica insulation between bars I

\

Tightening nut

Front V-ring
Commutator bar

Iron shell

| Back V-ring with mica inner and outer rings for insulation

[222! 2—-45] Commutator with portion removed to show construction

AZ =S 7o e,

AFA ERE 7R3 3 uhERE Zo7] Yiste] 1
=8 upEAR, 09 & S
Y ARG oF B3, ERe] fd Bl p4S
S57] 915 ARAE AT 0 AT FE 7]

=] oF .

2.2.2.3 A7LA7| 9

A=A 7= A 747 83o] ), 2 W (series—
wound), H-#(parallel-wound or shunt—wound), %] -
EH(series—parallel wound) F+= E-H(compound—
ot} Agsl kAl 7| = o)H 3| 2o JAH
A712et AR 2 (field circuit)ol] Tt 27 €}, 9
2= A7 58S e A7 8ol
dutdeor ORI e ] iy ST

wound)©] ¢

BIlNA Mg BE WA AU BF
571 $1h ALg-Eek, oAl elujshol, Mz
& A2 Wz gt s dE 542 2

rir >;°
v

(1) 24 AFHA7](Series Wound DC Generator)
a9 2-461}F o], AHALA7|= FI=

de AZ% A (field winding)s 2831 ek,
AALR7 = N3 2E ARTLS Saet AR
7t Bod WEE, fEr|Ao] v Frkstal o
AAY Te EYAY] o AR wid], Wsts)

RafoA e BT MyEe] o),
Fe7) A7) R SEIRe W, A b
3, vRZAR Reh e 9E o A e

’

o},

rlr

ool

o
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<

Field rheostat

Field winding

Load

[212! 2—-46] Diagram of a series wound generator

AIAH7|E o BT AY2AT} AFA 7}
7] wzoll, Hlgy7]e] W7 ' ARESHA] b=t
ujgz)e] Ayl BUgelAY B BugoR
AR AR AL E FHerh,

(2) B4 AFrA7
(Parallel(Shunt) Wound DC Generator)
9 2-473 Zo], QR B 2ol HERE AZAH A

AAME ZHe WA7lE EAwA7em Rad,

BB/ A, Foke] F7H HUAY Fao]
9lo] B3, 1en 2ok Fat FYHY 371

o
o
flo
2
>
)
e
©

X2
N
=)
il
=2
ne,
<
r 1%
B E
L
>
~N

A
olnsze] 525 BE ARE AX7L om0

Field
winding
Field
rheostat
Armature winding
+
Load
>
7 07) >3
D2
Shunt circuit Main circuit
O
Field coils Q Armature
AN O

[ 2—-47] Shunt wound generator

AR AE R AdE 7RIAR7E MA Al
ok 4= Qloh, ARFE] 2 o) ARt FHE S o, AR
5 (field current)«= £0]E+=d|, A7}& o2 HHAY
St Aol Eol=th ARARe] AaENE |,
AT Fdshl WA7EE2 FHigieh AA
O] F37I0llA, ARHIAR 7= AgE2dr|er &

<, AR AEA = iAo

(3) &4 AFEH7]
(Compound Wound DC Generator)
T19 2-483 o], BEHUAT|= Folol| AE=
shub 1eal WE R o s, 2719 AREA

e
=
2851 Q. o] Wil A oo ARt ABEH T

+2-43
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Parallel
field
winding

30
rlr
=2
=)
2
1o
Ni
)
2
|
u
N
2
2
Ko
e =
2
)
ol

Series
field
winding

w1
A

ox

i

D)

u

rlr

i

2

N

<

-

Ly

Ot

ol

rl

<

=

i

2]

i

)
N
i
S
2
ok
a
2
o
ol
o

QL
=l
P
flo
ofN
o
Qﬂ
I

Armature winding

R
N

(e}

ot

)

flo

s

o

[}

=2

s

s

o]

o,

O

r =
>

L

oL

oot
H
rir
rlI
>,
)
o
otk
_N_ ol
Ol
o
<
)
=
toh
)
1o
o5
)
flo

Series field coil

)
)
(i
o
oX,
Jﬂ
o
= toh
)
ol
o
B oR

U = AX Ta3d],
YA 342 N2 =, 607—5"7] %1€

+ F3)-(dle rpm)ofl Al o] &3] A4 (take—off
rpm)7HA] Hstsl=t, v i A5
Compound wound = (constant cruising speed)o|t}. 2rA 7| LA
L HE AR FYIAILEL T (engine crankshaft
speed)?] 1% ~1%Hl] Alo]oA HA7|E EE|es

1B

To load

Armature

[212] 2-48] Compound wound generator

HEA 2o e -ﬂﬁi}‘:} EHIAT Y S8 SEdnh, i @] ETe EH718 B
Fol7h wstE ol v A siot, AdE A8 AEehe £5=5 2=t °ol§ "l
Al(coming—in)” £Eetal sh, I1AHL HE oF
2.2.2.4 ¥A7] S (Generator Ratings) 1,500[rpm]o]t},
AFA7]= gubdgor 7)o Aoa 59
=2 (power output)oll thste] Sl BF7hE Tt 2.2.2,5 AFEA7] A
Zyzo] vbd 7| = digk 14[V] = 28[V]E HA| = (DC Generator Maintenance)
ApollA Aoty A, oA 57 A AFAAzIAl2ge] H B FA R gk o
7IA2Hlo] o] & 7HAl MUk T ol suE - AHe T2 o 7] SAALE gz
Agote s AAE AT Ao F58jof gt & AP dREAQL Aojnt, ofg Hak= T olsiE
5719 A2 7o) AdeE= v ol whet 7] §15F AlolH, 3 Folxl W 7|Al2Hlof A
et i g SASA Hode o 12[V] & &2 5 e ARARREHAE A o wEr, dREA
= 2 o7 au7lol AR W79 HAs o I

4[violtt, AElE= H47= HiE AR

o o H w2 AYgEEE VAo A 2= = Zofsfof gttt
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2
i3
)
N

x
ﬁ
1o
r O
2
ox,

S

=
==

=
1o
ox
Eu)

(3) A7l = WA @Y, wheF 2 o] Sltk
H AR A4 (oil seal)S AT U=
7|2 WAE Eold

(4) A7) BejA ] Ael

(5) ¥H7] 2

a9 2-499 o], BYAe] EEE HFAY
(commutator bar)i} H&d= FaHA| HA
=7 EQlv}, o]t E29 Fes WHEA] 2
wlojof gt} Fedt upil= AlEHARR) o7
s A9 2747 ek

a9 2-503 o], AlxAkE HE 8% B 4
Bo] BT WSS WEA e BN AR
el o2 22 _]’E‘ Harght},

SaneAe] A7 Moz, neAe] okde] 2]
000Grit, E= o v]AEt ﬂ #|°] % (sandpaper)
o] Ax 7h=rhek 2219 Ajle S8l BEAE 5

o flo rE

ox.

[212! 2—-49] Wear areas of commutator and brushes

2

M
ol

=3,
of 7PgAE7E =2 He A& wsh] 4
Ee ARAR ol 7| A= o] o
AEHAA, A7 G Weko g Al E
L ETHOR oA MR E FoT
: AMEH om0 Zetehz] Qs B
HAE 9z 2t 97 B WForyr Hel
shech, B A 23R ks B

47h A A o HWM BE Zg By

(b
T up
1o

N o ome o
o
oft nTI% i
N
F_E :|o o

=)
|z
jﬂ
>
N

W A 5D T, A S s
Aol 71914 SEREA] SH13k7] S13) Aok g
oh B A EE fARE AnAlE o)So] HejA

o} HRAA Atolo] A AEL] Udlo] B B

Unseated brush

1/22" to /16"

000 sandpaper (sand side next to brush)

Properly seated brush

[212! 2-50] Seating brushes with sandpaper
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& Tl e, of| Aol HeAE o ) .

ojut AFAE WA 7] S ARSIl Y= Generator control

o} B AZeelEs AEke AL =3 - Shuntfield A l

o} Zylerge BajA|9] A4St upo] ¢olo] ¥ 4:
Load

of, 2y YR 2k e Bt HA st & oad <

Y =
FATE B A= ARgste] A sfoF gt Ut =
A7) BeA] A e 288 4 ok & [ 2-51] Regulation of generator voltage by field rheostat
TEAES BYAZE AFA 7hshs e &4
3171 91 ARt 7|(voltage regulator) H+= ' 7]A| 012 (GCU,
gt AAE 5872 E2 2 AFE N6} generator control unit)ghil F2c},
+ BAE A (current carrying brush)ol| A2 3127 HEA7| YL w9 27 ZEo] A
31, ghs] & ofof sk A= A4 wojof g, olE Foll €A 24E ok A H=e g
P& E NE2HAY BYA1Y A= A71&90l A4 FF= =the A= 7198k A4
AREsHA] Hotof g}, &8 elEe 542 417 A (field current)7} 7ot s WA7|E
AolA, BEAlE o, W7 FIlme MR g2 o AXAL, AR oFsh ofdeE I
£ Ash= 2ol 7158 o Aopdith, 119 2-51oM = AR
£ 2457] S8 AR 1kt 7| Ao E Ko
2.2.3 &%7| Hof =t AR AlofE e o, 7S A
offlth, o] A[AHE pFor A E| g
2.2.3.1%#7] Aof o]& AotA] ghr, @57l ALES AHsoz Hojof
HE a7l 58T A H(dlE 501 13,5 Skl R HE g o S545H
~14.4[V])ollA -8E=s A= 22jar 3 W7l = F 7HA 712420 fFel =,
7)== Flo] W7 & 7hs A7) =, WHEksk= ollR A7) - 71 A A (electro—mechanical) ¥} &g]&=—2
IHEE QA o] HH7|E Fagttt), 22la §s) Hlo] E(solid—state), & EHALEAo|Th, 7] -
o= A QoA 87| del, 2e EH7 ZIAAA o= T FE 7oA Foks 4 JlaL A7)
w AlojAl2dof ofsf 2EEofof ghrt, 7] A of AN 9ABSE o7 sk Ao gt &4
A&l (generator control system) H2I5l= & E-2AHO|E AJARE T drA]Ql Aol dxtz
+ H3o ti8f 3= o = WH7|EHE FASH: O B £ A=} 5 AU H7|EYA
5 AA Y, A7 A A A" S5 A AT KR s
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2.2.3.2 A7 A oA 2”19 7]
G 71 AO A2 HS 4 FHIAI 2R (DO
generation system)2] 24, 74X|, 183l B39
73

A Th0] 7152 Sadi), Quidoz

it
)
N
i
1%
o
)
s
(i
iu)

(2) TAY R 5 (Overvoltage Regulation)
TARE A AEL 7|2 (reference voltage)

| FE2ZHU(sampled voltage)S H]wagte}h I}

2

e

oFH $ 3] & (overvoltage protection circuit)+=
AR A A F(field excitation current)S A|ojs}
<= delolE skr] e AREET, o] AL dnk

A

Ao o BARE W7 Aloj A Adle] A Bl 4
o

(3) ¥HA7] HH-24 (Parallel Generator Operation)
therE 7oA, HEEALS Be WS =
of = A-55t7] flaf ARSETH dRbdom WH
A 2"l (paralleling systems)2 271 o]AFe] ¥ 7]

Atolof Ao wlastal Atz 2o| ofsf 24

(4) 2} 2FHFR] (Over—excitation Protection)

HE AT A o A shLte] W7 7E A i o,
A7) F shvbes ofRpE L, AR Falrt ofyzt
W, 2oke) M58 ole Azistels Aol ek
7IEAor ol A% WA= slofg ¢ B
AFE BABH gtch, vhd o] Aol A= %)
o, Bofate A7) = e o E EEeof 5t
Ak, 1A grom 4o] olutok Bl ol
3] & (over—excitation circuit)x= £%& WH7|E A|
oJah= Y] Z(overvoltage circuit)2} A 2}
E

(5) A5t (Differential Voltage)

AlIA L") F o] 7e2 HE

—

ERRd R

(generator voltage value)©o] 3~ (load bus)
of AA=7| Aol 3]&3tA oldiel Y=AE E
Aot s AAET, vheF S2o] HAH &3t
A ool AR ekrhH, ¥ 7|3 7] (generator
contactor)7} ESHAR WAV E AZsl= AL

383 et

=

2,
mﬂ‘.
)
N
N
fo
-
i
)
]I.O
o
4o
i
Jo
B
ot
4
3%
i

R rdy=s o
IR 1 N o) S o P A AR S AR )
Q= o2 7] B uiE ] Halyt "ep A

= ;'
o] Sl Wl WlARRE ArhElolof g}, o

AR A 75 (reverse current sensing function)
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o ol sl AL A oARe A
271w 2 Lua— Aol oz 7|2 5
= o] wAfo] Qofrtrtl, A

=
(0]}
[0}
]
[0}
=
o)
+
o
=
=
@D
o
=
[t
)
o
>
N

2.2.3.3 1EYLA7IE AT EH7] Ao
(Generator Control for High—output
Generator)
Mg Ade] BB BuEY
powered corporate—type) 57104 2 4= 2l
o 2% JEAIE7I9F HEIEYE 7= shhe] &
A& Aghe 7|9k AlE7E Lt o] AA
e}E] A g o) Bl (starter—generator) 2t 1l HE=r}
2EHE| Al o] Bl= she] & qtoll 2719 FAE
AsHAA 4-7}1,} A Aoko] o] HS zh=t} AE}h
|- Xﬂﬂlﬂﬂ [Bl= XA E deo] ¢, + 714
7] wizofl, o] Aol gk AlofAlA

A)(turbine

|

o, Aekel-AudolElel Qe
2z znxw—wol Pl U
1712 A5 ) A

E Series field

Armature @ g

Parallel
(shunt) field

LOAD

[O2! 2-52] Starter—generator

B3 THE SR o] WS 98] ALt

>
offl
N
olr
wn
)
15
=
=
=)
(@]
&
(@}
2
o
ol
ol
rlr
©
uz
)
N
)

o1Z2(GCU) = @A A M= }3}37_ 712
= 2EE-AYdelg7t As7IA" A-ssHA g
o}, 4R = (generating mode) E<F, ¥

FA(GCU)= ABAAE BYA7IL 2HAAE
Algkste], A7)zt sl ik AFE Alofjit
ojufof] ABHE—Au|F|o]El= YRFAQl B 7o 2
o] A&ttt =& A7 A AFA(GCU)= Ay
= AlofskaL /\]/\E“T% HEsk7] §J8f ol Argst

S gttt ol Jl5e AYR

o -

Y mE 7

(voltage regulation) oA F7 A (reverse current
sensing), AFEA ¢ (differential voltage), 1o

AHH & (over—excitation protection), AU E S

[212! 2-53] Generator control unit (GCU)
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(overvoltage protection), 12|11 H4} Al
(parallel generator operation)S Z3Fetc} 19
2-530 4= UREHQI W 7| A o1 A (GCU)E B

o] £2& FAS] §18] SelE-seols xm 3
22 20} 324 ofd v A(distribution
bus)o]l AxE Adstil EEstes Ao Y
oLt %Eﬂlrol—‘:—% Aottt 719 B Aed
= & 7 HARES Al
o]

st= o /\]“Q‘QL AL A A 1(Voltage sensitive
device)o|t}, ¥H A 5] 2 (generator
control unit circuitry)} &7, AlHcio]e = dh
A71&9E Aojste, ARAFE Alofgitt,
2.2.3.4 AEZLA7|9 TH7] A o](Generator
Control for Low—output Generator)
AZE 7)ol gt oA Q] WA o3 =
kA 71 &2 A2 (generator output power)S Ao}
517] fJ8f A7 AR A{3ES HAT B|F

Generator output to electrical loads

Generator >
control

Field circuit

|
>qq
Uu

[l 2-54] Voltage regulator for low—output generator

Field winding

of GB7|olAl wAE), = Ape] 7P el
g HAzA7|= 7HLgA 24 7](carbon pile
regulator)?} 3¢ZA 7] (three—unit regulator)©|
o}, o] A& A2 7PHARY Y] FHE ARESt
< ARARE Alofstar, AR RF Alot= A

g8 Alofgitt, 19 2-540fA= 7hdst B 7| A
o]F R E Hojzrh

]z

=

(1) 7H2u}d 22 7] (Carbon Pile Regulators)
ZHEI A 2 A7) = HA ArolAl 72T AF (carbon
disk) Z 7420t (Carbon Pile)& SaFste] Al
B 25344 71%2(DC generator output)
< Xﬂﬂfﬁﬁh 7MY A5 7] A 2 generator
field)o} 2= Qlct, woF 7ldr| 0] Ago] &
i, AR R Aaskar 7S = "ol
A}, o)9} Wi 7HE ] A59] #Jgto] Zhagichd
A= Siskal B7Ede et 14
2-550A41 Hol AAY, AU (voltage coil)
k7] 28 =H(output lead)e} HHZ A2bEof 9l
o}, A 7] SHAto] Wk i A=E
SUHAZIAY FaA7]e AAAAY AEritt, A

=
or51¢l0] 27|82 EbAAH (carbon stack)e] o4&
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Voltage coil

D
P

|| Carbon stack
Field

[Z12! 2-55] Carbon pile regulator

2 QR E skt ol ol
2 o F700A o ddiA AlAFo R wAs

(2) 3Ekx4A7](Three—unit Regulators)

2 ZHEA 7| A 2~ 8(DC generator system)d} 3

Al AHEE 3E2AE7|= MY A AT ELR

A2, ols FARE A4S A7IA A" S
J

(electrical system operation)< 4317] ¢J8l] &

[212] 2-56] The three relays found on this regulator are used to
regulate voltage, limit current, and prevent reverse current flow

A 7)5g ettt A A el suRA7|E ddE
(single housing)oll A2 3719] Hao]2 T

2]
7¥7k0. ukA] FA

=2

o] qlc}, 3709l ddjo] 27

A 2E19] i Qo] whet Fo] A (relay contact
point)& 7HFSHAY &AL, T 2-560041&
APl 3278 Ro=

=]
=]

of
—

N
i
tlo
N

(3) AL=x47](Voltage Regulator)

STxA7)9] MetxAy] FEE Y] S=HAY
= Alojstr] flsh ARS-ET, A2 d7]= EA
S AAISkAL DAl W7 AR 7
field current)& A|ogtct, THeF HAZAT|7F A|A
gdetol Ui =tk /\2 AAIsH, ol
eI AR 2o A= AR71E Sl o5l
of gtt}, o] AF7|= AR

g BET WIS W] AR g

Py

7&

Ei

(generator

A dlofle AALU Hoj A
% 9-573} Zro|, ALF A (voltage coil)S

oFe ZA3ic}, wlok Hoto] wlg] AAH e
oA dofx|, Hetzale 73k o] wla WA
< Jigstet, wioF o] AubE W, AR AR A
712 £ o|B ok 5t 1 AT ANAFE ©
ojAtt Ao B sAtmE Y o|yo] AY
) Aot A7 S Eot ARSEL HolZr)

o] AY=A717F AA /M (point open)T HHH
FH(point closed)?] 27 & 712)9] 91215 27| 4
o, o] AAE Aok ALzAo| SAHER &
Qglo] 2AL ok Gk, HAAAEILE Alof|, 7
e det 7S = et deeit 1
o APIAF MBS 9let, oA Heo] HerzA7]
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To electrical loads

Fielg circuit Fi;’ld current —
[ ]
alal
_)
Voltage coil
Uyu
]

i
Contact points

Resistance

DC Generator Voltage regulator

[l 2-57] Voltage regulator

£ Y2 X524 24 7] (vibrating type regulator)
2tal FEoh fHde] s i, AR FE 22t
L e ebA A7 E (field magnetism) A<
7] 2YAYE ARk e FAlE
ghef Ajxdo] o g WV|EES f%tthY,
A2 o 23eeh AE AH= 2l o H2 2
Z1EYS s, A o el A A
B2 =t

(4) AFAI7](Current Limiter)
e AFAR7] Fe E7EeAd

(generator output current)S
. o] AL |

e,

>

e

=

=~

@D

5 g

8

= g
gt ¥
C O
5 oom X
o o
=+ o 1
S o =2 =
ﬁ- o, du o
g T or 5
g - E]?L
A
= & -
=
&N o ‘é
o =

ol rlo [
e &

=

)

~N

i

N

e

flo & Hu
)

ok
vl
f.& i
me
o)
o
> rlo
o
flo
i R
ol
o
ox
20

+ To electrical loads
—
—>
94—
9 b
q
Field circuit 44— Contact
[ ] \ Current .
. points (NC)
> AN coil 7
Uyu
<

[22! 2-58] Current limiter

A (current limiter point)O] AY ] v

( 355 Hojer, A
A719] deo]ek= E}Eﬂ] AFAR7 = duty o
2 Ay Ao @Rltk= Ao F5sfjof g,
2ol ARHsHcurrent load) Al AHAISH|
gk, owfjof] AR F= WobA| AL A

< e o2 A,

>
L = Y

o
mR
N
e o

(5) dA=Hg o] (Reverse—current Relay)
g

7 v E | 2

To electrical loads

Contact points (N.O.)

(& >
q ~ Current coil
BL=E:
b
d
e o D .
Voltage | g | —Voltage coil
regulator d b
and current
limiter |
i

DC Generator

[22! 2-59] Reverse—current relay
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3

i ARt o] H

bl 9

)

$259] %

qA]7]

| =

%
7 A& 3

g 2-601} Zo], 3uzxA7|9 Al 71A]
Ao

1

[a13
=

3

2 A1t 9

=9

|

Ly

1
s

710 A5

o] AR % (operational voltage)ol =&rgh

29

2.2.4 3 ng7|2} Hof

a8r

ARl A

o
NI
=0

%O

(EaR

fe %

o

= 227 "o =

o

-

(DC Alternators and Controls)

&z

o AR} 2

=
I S

ShE

7| 7%

=171
BIes

710014

A7) G2 7

il Z1A N AE A7l A = Bt

[

1
s

FiL57)

Z]
4

o)
=

ol <]

Reverse current relay

i ]

| Voltage regulator

DC Generator

Three-unit regulator

[2212! 2-60] Three—unit regulator for variable speed generators
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[28 2-61] DC alternator installation

@5}5 7] (light piston—engine
T 9\11‘:}. 19 2-613F Zo], u
F7le 7] e 51 8= U, Hol-
HE (V-belt) & 7171 A%
mechanism) ] 4011 7}554% A7 A (engine
compartment)®] AXHct ZFu77]9] AofA|
A"o o7 Wiy 248 (output power)
= 2Ast7] sl AREEAL oY B u A4
(flight parameter)oll thsl F=gt A|ARIHLS
HAR

o] mAENNA
aircraft)of| Al 2H&

2] (drive gear

2.2.4.1 AF 15 7](DC Alternators)

AFUF7]= 2709 2 FE4E 240 Qe
o, A7|AAAL AxpEAdelt, A7) 4o
7l AARAS A71AF kRl A 3]st
7l S o]&ste] A7Ae Ads AR
of, 7)Aol ofsf AAbE o] A4S FE7]
HA(electrical bus)2 &
(electrical load)el =82 33—3’5}7] O3 ARE o
o7tk I8 2-620|4=
A9l EoE HojEr

Armature

winding Rectifier assembly

| ety
==

To electrical load

[ 2-62] Diagram of a typical alternator

+—120° | 120° | 120°—=1
Phase C A B C
Phase A

Phase B

90° 180° 270° 360°

One full rotation of the AC alternator

[22 2-63] Sine waves

" Phase 1 )
Phase 2
. Phase 3 y

[ 2-64] Three—phase armature windings: Y on the left and
delta winding on the right

2-633 o], A U
ARITHAC sine wave)& o]Fo] At 34 7|2}
(three—phase armature)= &2 A7|&AHA-S
3hel Mz ohE

% 2-640)A= 34728 Al (three—phase

A oYL T
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1 2 3
Time — Resultant DC waveform

[ 2-65] Relatively smooth ripple DC

armature winding)2 43}7] 98] AFEE F 7
A dukFel WS HoE=d, dEepE A (delta
winding)#} 2to] 2 A (Y-winding)o|t}, AAZ, F

7 AAlE AR 7] AfaRrlolA sddt

1% 2-648}F o), wir] ARl o YAk
% 344t (three—phase voltage)> W70]7| uf
7o), o]AL HAF A9l AFA7]|HHDC electrical
load)2t Z2H=|A] ¥l A F2 W AFE|ofof g
ok ol olfE, A7IA SR 3AuLFollA
AFE v AFRAAE 6 EUA "o 19
2-65%} Zol, 34 2
= o flol FAx, 291 &

[312! 2-66] Diode assembly

W52 (ripple DC)&
thole = o] Whge ww7] o] WS 7hsA skl
ot} AFAA](rectifier assembly)= 6719] tho| 2
g FdE o] AFAAs AR o)A ot
AFARE BYAIE tiAlsk B ae4]
ol WF7IE W= o o] "k, 1% 2-66°]
Aol wi7|o) WRE HoliEr), 7)Ao
== 2F719 YS7PEA | fAEHIL ol
L Ei= Aol o] AR

a9 2-671 o], AAHEALE A7 ARl E T
o] koA FAAIA = =g, IHAE(rotor
shaft)ol] A==},

AREAL ARRAE vhE7] Sl 3571 g
2HE HRE Wolof 3t} A= FHeH] wiiE
o, BEHAl AE(3tx)+= 3] AR (rotating field)
of MY HU7] flsh AREETE 2709 ™
S| Ao] A=l BejAgtal Bas A7HA
(electrical contact)22 AREAS AAA
9 2-68% o], HejAl= H|w A AR

o [e]

A717] ol {719 HeAle UutbE

[212! 2-67] Alternator field winding
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[l 2-68] Alternator brushes

02 s}

L57) Aolat Ao AR AHE Yo
N TR FARES ottt P37 BRIE
14[V] 29 EE 26[V] 22S AR dutao
2 @R7le) Bald 27): wRvle) ARl Al7leh
WAEY, uEe] A%der) any) 29 W

60~120[amp]e]t},

2.2.4.2 B77) Ag=47]

(Alternator Voltage Regulators)

A Fusr7lo] gk Hefrd7]= AFE 7] ollA
gelek 4= Sl A FrAReE Aok, ARkl 7
& 177 ARARE 24 177 295 A
ofsh= Zdt FULE Aok, 7 Al 7]
of AMg-sh=, -2 AFalF7]o] et AYg=d
7= A=Y o) 2 47| (vibrating—relay type

A

regulator) | AU & E-AH O EXA7|(solid—

state regulator)o]t}, HEdo]gx2A7|= WA

712787) MAeA] =olEl At fAtstet, Leflolo)
Aol 42 v, ARATIE o3 WF7] &9
= WolA 1 AR} ol BRY] U=

oz},

2.2.4.3 £ =AH | EXRFEY]
(Solid—State Regulators)

Ao AFFE7IoA SejE-2H ol ExET]
= w771 oJAA(ACU, alternator control unit)
I HEV|E gt} o] AA= wAols FEol
gl dud o g o A=E ¢ gle Asdelgx
S

=
SRR PP EL!
L

i

=]
Ju
N
L
;Y
2
Ju
1o
kMo
u
N
B e
_1\‘Ll
o
>
=

2
)

Ir
El

N
Y
o
)
o7

7| BHANEUNFE BT

N
X,
>
r>~l
u
i
Y
2
&
£
ii’8
[
>
i)
©
ul
N
i)
o N K
ol du du

okl o
S
2
r
Ml
rlr
A=
)
2
o
loi
H
rr
-z
BN

[312! 2-69] Zener diode.

+2-55



2-56 -

x

st27| ®7| A€ Aircraft Electrical System

rr

thole =} o At gt TAlE =3
A e, =3 iR A oA ol Al AE7 |l s=
o] dofjupH 2FAfo||A FL A|AIE AlFEt
seSrdo|ERY| Y FE BES Auittol
o g dEA k. 19 2-69°0A= AYttol
Qe AEEHS (schematic diagram symbol)
mul ofyel R7|AOI A o ARE NS 1
ol

Aettol o= o] 252 A7} 0.7 FEgton
AFEES 77 she Aoz dubaQl toje s
oF A3}, olAE Aol Ql7kel Aeto] ofwl 4
ol =2 wizpxjolt), mj7] AT AdEH ol

A, ANE 3% Yo7 ARSES 715

ol

il

{n

o| AL E A (breakdown voltage) = AYA
oH(zener voltage) 0.2 A& A] 9o},
AF7AAFA 7L 277 FEe
Tho| @ B A|AEIRY ]| AAHEH, 77| SEo
SR AYAstel =2 o, tolet
U= ERALEE Alojehal, A= wi7] AR
£ Alofett}, 17 2-703} o], o]AL wF7|A
o 2| o] 3] =] thgt 7heket Argolt, 13X
gk, o] AE Aqtie| L eI R ol EAAE I 2T}

Asddlolg=d7|oA A7 - 714~ o] Al
'@
Alternator
output
Transistor
_A_
Alternator
field
[
Ground
@

[2& 2-70] ACU circuitry

of oJBA AREEEA 27 A st =S
ol ERE o] 482 A9 R4 AR G- o
24715 WEojdth, ST|EAFH0E W
714 %A (solid—state alternator control unit)
F715 AHESte Aol Fu7lolA A
#7)olc},

AEN(AC electrical
system)#RE oFY el 277 AL E ARG-Rh

YA BRAVNAAES BRI (EA7]), 2
=
=

A Fa7191M 5 V1S

=] KR
ot ur AR AR %A}%M o

B2l ou]A e Y (backup power source)oi/ﬂ

3
WFHIPA|(AC inverter)E o] &3t

F7F B3 Al Adle| e
S, durE o2 W7} ARgHET) ]
EgF WRHH7E AHSE 8]0l Oﬂt‘l%j
Yo7 ARgHE I8 2-T1oA= dde] 3

| H3HA| & HolEct,

F_‘Ei

2ty

NOE e oox

OH
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st —!werxi‘j:i“% /\F‘l }% a0l | A
2 (AC distribution bus)® HYS 0
WA= 26[V] RNt OME} 15[V] e =

_‘

N
)
)
o
©
>,
o
i
i)
fE
e
e
rlo
By
ALY
i
S
=<
fo

2.2.6 IFLUF7|(AC Alternators)

DLFYHA7E B2 oFo] HES
7)o A ZholE 4= Qi AZAA O R Boeing 757

%+ Airbus A-3801} 22, = &5E&HT

’

Oof
ogt

Ir
3
N
N
1o
=

¥7](transport category aircraft)
zlef o8l 7hskl= g RN R

oo olg FuvIe B EE SRR

fr
S

(T
>
op

>
!
c

auxiliary power unit)el] 93] F+EEHE X oL

~—120° | 120° | 120° —|
m "X
Phase A /

Phase B !\w
90° 1

80° 270° 360°

One full rotation of the AC alternator

[ 2-72] AC alternator sine waves

= ~

== o O A ZF)aL L = S 7
e B, EEEHFEE 7= ARHEA

A=

L

SEEe a9 BRI 2o, 4ol 1] o

Ao wFAH|AHY(AC backup power source)

A

EYEA7|= 34 W FEZH (three—phase AC
output)& AJAkgTE, R 1Q 2dpd LQ] o) dmpet, A
A= 3709 e A
o], o]5 kol gt ARl ”Jr% 12 [°]’>" oAl
o}, o] Bye WA or ARuFrrlo] o) YAt

T

S AFoA| o o] ¥y o] &8 miolrt,
o] mFEH7E B B SHPEE o8
812 9l FF oA gl FEA 7] (brushless
AC alternator)gfil FEr} o] REAEA =
ks Al=Ado] Qlal off A2 fAHSE Ha

2 ReA gl 2R7l0A, 2870 54
A2 Sl ek AL A7oqAE o

Goto] AEET tAl eiA, AR A 3]
A2 7h= oY A= 2o Y A (magnetic flux
energy) ¥ A= HHL o83sto] HsH
o, 28 2-T3c A= AG AR e Fs7]
715 Hojzt,
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9] Hojx}ubA 7| (pilot exciter generator), ZL2|al
A7|AEAT AREA L] £ W7 7] (main AC
alternator)o|th, H#A|o] QAL o]& 37jo ¥

e A7) 29k ARgsto] glofalt,

AL 7| = FAM I} 27]9] HApA o= Azt
= AR A (stationary field) S 7ML Y= 47
WFEA7|o|ch, oA 7| A (exciter armature)+=
3ol SR AAET olH|A Zele
J =
[3& 2-73] Large aircraft AC alternator 755 2L FoI A (pilot exciter field)2F 5= 7]
AR E H Xt
9 2-748F o], FHYA| Gl niv]= AEE FHoAx A= TH7]9 HRFe| Ao =
© 2 3719 A& Egetar Qledl, A7t A7) Axtet AdE A4t Foxpd7|Ab= of
TR A A (permanent magnet field)] oA MEg o ngFEo A2ET), Fojxpd 7| 2o
%7 (exciter generator), A71A-AAT} AxFHA WFEYHS FYREDL 2EHE HFHA 3R
'Y ° o o
’_
Exciter
permanent
Pilot exciter magnet field

Main AC alternator

i

=

=

£

S

b=}

«©

" N f=
armature winding 5
2

®
o
<
=
©
=

armature

Exciter
electromagnet
field

Exciter
armature

3-phase
bridge rectifier

[22 2-74] Schematic of an AC alternator
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NI A =
ol oA AR L2 A ek, o] AR
HYA AR & afAr|E s Agzde 3
ok, ghef o 2 wRE7] S0 JJJ‘?LOPI‘ oI 2A|
(exciter field)® © W ARE H
o] Moy, oAz | e
foFshH, ARG FAA T M7 ] A W%
M%ﬁﬂﬂ@%ﬂ%%@Eﬁ%%W
2 BRI, Rox A= A7) T
A7 s ol FoAT A A HE S EY?_P
o}, FoARPA7IREe] S92 3 WA 7]A 01 A] (main
alternator control unit)® HUWA]L T1t}of o
AAZ HEme B, SR AL oAl
% BRI AR A GRS olg o], %
A7 A7Apol| A A S WA, = A 7|4}

EO]“% ol 7}

(generator control circuitry)®l &+

i

o
1=
(main AC armature)2] £8-& 34t

SCERELEE=E

OH
E
o
E
)

YR LF{F7]= AF 7]94 HRES %3]1 2%‘
2 8A A Yet, Y Qe AFEE e
& A&LE=A2] oAl B2 (constant speed drive

assembly)| FH5 L T2 o LAzl
2](oil cooler assembly)oll 2|3l Wz =},
A7)t FEAFFFA N ERE ddsh= =
A (flange)oll YAE HiETE W79 HL515%
A Atolo] LUTFE 7HEsHA T YRt oR o]

2 fie Fagh Aol A7|Hor Hy3it,

2.2.7 n27|2| 2= (Alternator Drive)

a8 2-750] Kol Az AEILEAZ
(automatic drive mechanism)®} 2% 177]0]

AlE2(alternator assembly)E 2Z3Fstil et 2¢
=0 wE77} AAB 400[Hz] T
A sh= m577|9] BHLES Aol
BE LR W9 el s mRAgte] Fut
A8 flell E4 rpm o= 3 Agof gt
7] AFEA7]E of 400(Hz]9] FukeE A
qkoF Feuby P of ZrollAl 10[%] o) Hlojuh
S AR B o B IR RS2 *LE} Ca
=2 (CSD, constant speed drive)2kal
A= 400[Hz] TAT 2817 Slel Lw7l
BAE17] 98] ARS-ET)
L 2220l Aol AL wRH)
kol AAke 4= Qitt, xéé.\‘:rL%ﬂxmf w5717} 8t
0 e S o, oMETe T
IDG, integrated drive generator)zal

= o]
FEEE T

koot A
SLofd

)

ol |m oZ’L NE [‘IF

p
=
Kl

T off
T

i

N

N
=

A& e @ FHQ AER | A Bl 7}
%2] (hydraulic unit)© ]E}
QA SHHA, AHEAF] o

2,

o,
1
HT
Wl
o B (e
S
2 Y
oot 4
k| 0
o
N
- o,
B o o
H1 flo
i ogL'
2o 2o ﬁ
LY o
e 2 ool = = du
> fF oX do o

N -ll'>'
-
offt
o3
R
iy
=

= a3} ZJJF./‘:E Au/do}§ VAl

o
A=

G HEA A (hydraulic transmission)= 35
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Aspirator Check valve

Case relief valve

Terminal block

Input shaft (aneroid valve inside)
Electrical connector A

Disconnect solenoid with thermal plug

Integrated drive generator

[212! 2—75] Constant—speed drive (top) and integrated drive generator (bottom)
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[322! 2-76] A hydraulic constant speed drive for an AC alternator

o

1]
)
N
fo
%

]
N
Q
)
S~
e
©
=
i
Bl
i
—
Ho
I 0]
4
H

o] &R AetrollAet o], dRef B,

o] FUTt LU WFIE YLl Yl AHH
o}, J8F5=(input drive shaft)> 3571 <%l
7]01A0] 2 (engine gear case)ol &J8f Feo] &

o]
Hop, WS Hig & 2tollA, E94F
(output drive shaft)S WHF7]9] 5=

~
227 Btk HEFEYAE fAYTolN R

Ayl

Tach generator rectifier,

el

Tach generator

]

»AC alternator ¥

| S—

Constant
speed drive

it

ﬁi

]
]

To load

4|J Control circuit : Hydraulic
! valve assembly

L —

i —
K

[2&! 2—77] Speed control circuit
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(hydraulic pump assembly), 7|AAEEZZE2A]

(mechanical speed control), 18|31 -3¢

(hydraulic drive)& AHESHC) dRAFAHL4E= &
oL, R ER

=3t HxEA0

&

(
A

E(hydrauhc pump)=

r{r okt

ﬂil

} 2] (speed control

It

F71E
unit)= FEEEE Ao 98 e 2785k
A (wobble plate) . & LA FIct

a1 2 7701]*1% W77 HEE Alofstr] 9
3 AME AFZR 0 H7|FRE HoEth IR
@é'\—?%zc}i]‘ﬂ]/ﬂ ZotE 4= Sl FYoAlE
(hydraulic assembly)S Alojgtth, 1383} Zhol,
WF7] Y& T 3HAEE A7) (tachometer
generator)] 23] FAIECE FHALHA7|A S
= AREo WHoAE ] (valve assembly)® K
Wzlch, WEoj M Ee| = WEE A5A7|= 3719
A7) 7Y (electromagnetic coil)& Eastal §)
o B3 wFIT] 92§ WEAEY
S gt Aoz E S Bzl 3719
AApA ol ofs Wy E o HFom, WH S

#+= 54 7] (automatic transmission)E %
o FeAl S5 Alojsta R S5
Al of gt
WA= weF 1 w77 ALor 3A
St Ao ol Ay ek T3 AT
400[Hz & AYaketeh= Aol F=58fjof ghvh, +E-2
% o

400[Hz oA BH™, Rz
= oz uR7] 95 FAE] A8 A

5 243

FUH) SEA oL o

2.2.8 WF7| Mo| AJAEL
(AC Alternators Control Systems)

10
ol
=
o
P
op
oh
H1
fu
il
X
i
2
N
MeooY B opk

1o

AFA AR ge) BRAARE T57)
Fu7t B o2 fAHES sjof aut

5$719] Fu47} 400[B1o14) WsHAY,
At ool AR 27 o)4pe] LF7I7E oA

(out—of—phase)o]2hd, A|ABo|A] &4 o] HEAISH

oo 0 o do
NI
b

rlr
oft _13

[22! 2-78] Line replaceable units in an equipment rack
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GCU

Exciter
permanent
Pilot exciter magnet field
armature

Exciter
electromagnet
field

L
T
5
Main AC alternator ‘g’
armature winding 5 Exciter
% armature
Q
<
3
3 phase
bridge rectifier
M
[ ]
[212! 2—79] Schematic GCU control of the exciter field magnetism
o BE A7) Aol s Mo Fupgs B o] Mool A i AR W] viHE A
FE 24dt= 3RE 2T E3L ol A% ojst= HrEloltt, dNtAor 77 w7
A= BT AL IS TA51] A5 theFst Q) £ AAIsEL Alojshr] Qls AME-E= 1714 9] A
AS AAIBEIL H7IAA- 0] QPARE AFElE HAst ZIAPEANGCU)7F laL, Lejar 3kg7]ol 17] o]
7] fI3 R 2AE Fgieh, FEH7|E Ao &e] WAH YA AR (BPCU)7F 912 4= St H]
el A== 7P AREAQl F 7HR] A= B 2 LA AR (BPCU)= ©] A9] Fatof Arg =] %]
A2 (BPCU, bus power control unit)e} gk, WA AA 012 (BPCU)= de 9] 5 7]0llAl
7| 4|01 2] (GCU, generator control unit)©] WFE Alofstr] sl WA 7| A 1A (GCU)et 3
o}, o] A%, HF 9ul= A, §ol= wF7|7t A Dtttz Aol FE8jof g},
oy 1L WA 7|7} AHE-E T A2l A7 A A (GCU)= 77171 Lt
HAZIA AR (GCU)= A7) 7)5& Aloldl= Ao g 115~120[V] AfelollA, AHYS FAI5HE
F e oleh, MAH YA X (BPCU)E= 337 £ BAR} A7 A oA (GCU)= F7719] &
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A8 &8 (maximum power output)©] A2 %
TR Fes gt 7R3 (GCU)= i
7] 2 Aol 1AHET rET Vs Al
Stk FAZAARA(GCU) = AFFIE 4
AlSHIL WEoF W7717t 400[Hz )5 FrAlsHA, 8=
AR, A2A] 7|3 e BE WRTAL
gofl A Zrols o Qe AT FARRE Add, wF
719] &9 A7 =g HIAA AlojH
19 2-79¢F o], WA A FA(GCU)= wF
7] 29382 Alofstr] fsl EA] gl 2771
(brushless alternator) Wol oJ&HA4] #7182 A|o]
gt Sk W7 AR (GCU)O s A
H AT} Al AEFEFA Y A of Sfsf A
o},

EZH A7 A AFA (GCU) = wFEH7]9] 2H5
I HAE AsfiAE o] &HT 2FAPE AFEA
715 A, A7 A2 (GCU) = AT

Tz} e ool QlEA] Belsly] sl w7l

g

7] (GB, generator breaker)ghal 2= A
%7 (contactors)= 7] EA 0T 3hzo] B A
2 Alojsh= AA7]1 414 Y 0] = (electromagnetic
solenoid)oltt, o HHL tfHE<]
of ol Aibe W o AFE Fast] Sl
gk Aot} o] FF7]= HA7IA o2 (GCU)
7b W77 EYolA dE "AY A AsEe
g, o] Aol 7= HEams

ot

W FEEA 7|

2]

_ﬂl ﬂJ

e 2

238387 M7| AE
(Aircraft Electrical Systems)

ANA2EE 23 9

]J‘_:_ a1
A7 9 Xqi}/\]é%(lgmtlon

>,

[>
o

lo
>,

[>
o
1o
N
olr
2
=)
o
o
)
oE
N

U
v
r

H(engine starting system),
(power generation system)< Z§H3tc}
2.3.1 A8 Cidt 5127|

(Small Single—Engine Aircraft)

[ 2-80] Light aircraft circuit breaker panel



S8 7| MAFE7|A7] Avionics for AMEs
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[212! 2-81] Schematic of typical battery circuit
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[22! 2-83] Simplified generator control circuit
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(212! 2-84] Alternator control circuit
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[212] 2-85] Typical ammeter circuit used to monitor alternator output
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[22 2-86] External power receptacle
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[ 2-87] A simple external power circuit diagram
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[ 2-88] Starter circuit
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[2212! 2-89] Multifunction starter switch
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switch) 2] U5 4= Slct,

A&7l 7] wiEE] B R o
8 Feo] 3w 4 Qv FF 57 HiE
AU = 58S HaE & o
Als7)0ll s8e sustz] el AR
2l 2kE Al AlE 71 957] viE 2ol ofsf

o WE R A9 %)= AAoF Shal npA

gol=E

[ rul:l

oo
N
~
o 1o

3 ru
=
o o orr o4

-
)
(o
to
]

O}rl s
_IE‘.

B &8 0] = (master solenoid)E HiE ]2 A&
Al&3t7] $18f &= ofoF Jie,

2.3.1.6 &3 AA7]7] A¥3l=
(Avionics Power Circuit)

9 2-903 Zo), g gu7le AAAAE §
3] TrEu) AWM A(separate power distribution
bus)E 2L Qle}, o] HAe 7 A7 7)H
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S REE RE FFAA7)7IE Eeshe Aol
sttt A& 5o, FEAAT7IH A= AlsHET]
(starter motor)7} 25 o, FF Fo| w5
Al = 57 =l oA Als 7)ol s 4o
A% JeAo] WIze A 7|7 Fol7t=
A& WAIsH] fIet Aoldt,
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External power plu
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[222! 2-90] Avionics power circuit
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[222! 2-91] Instrument panel showing the landing gear position switch and the three gear down indicators
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DOWN

FLT POS

GND POS .\. °

.%I. e

INOSEGERS!
o

30A
T [ DI e T \ Down motor, high current /\_.'
C.B.1
i 5A
Lemle Control current ——
o —0 © —@
C.B.2
upP DN (V]34 DN upP
| limit limit limit limit limit

o =z
=) [a]

Gear selector switch

Retarded [ ® | Advanced

Gear horn

[22] 2-92] Aircraft landing gear schematic while gear is in the DOWN and locked position

4] ©

Gear unsafe light (red)

ol o z Z ol o Z Z o
Squat switch o O [a] o >O| S [a) a =]
- - - - -
5] © O o ]
2 SE z 2 5 = 2 P-4 g 2
8D 0D 0D
~c 4 @ Zc *
52 » 3 3
8o 00 00
o =T T£°
[ L L
Terminal #2
Terminal #3
L L
Throttle switch

DN
limit

Not DN

aeab Buipue]

(dwy g) jonuod (dwy Gg) 1010w
Jeab buipue
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7o) B2S FF) 913 R} 9w, OB3
At o] HRL CgFA7| 5

= q
< 2Hreb] w2l A2 AL 2js B = (Rubber

Boots) = UUE(Nylon) HAA 2 B35 EC}
k2 TeEbojl A= AlAH-o] 7)o 233 YgPoz
2 o AEAAI2E B 2= ARE Ay

71o1{ " (Gear Down) H&57|7} Z-5517] fl3)
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2jof gttt DOWN £|im0] E51U 9] 2(-) £ 7]
OJHBARIXE AR HAE AAE, 7] A
A= HEZ vjAdEo] 7]of7F AW R A =
98t o At AS 7198kt 7lolid eI
L 3749 7]o}7} Full DOWNe]| Edsfjof Wt}
E3E 7| AR = T]ol& o] B9 () &
= Alofsh= Ae FEdljof grh, A2+ UP
& o] =9} DOWN £dlco]= HEFo A HA|F
2] Alol& Foll 7ol &y} W A5719) SHA
ol & 3 4= Sl
25432 A|o]3| 27} DOWN £|io] =2 9K(+)
A Bl SAlol 7lo a8 A= S()AY
& Hjar gl o, &jolE ApAof HSte] 7t
ZIt}, Gear DOWN £ l=0] =] Z¢fo] 718 2| W,
1AZ 7|01 A% 73] 2 (high—current gear motor
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71l As712 ARE Bty AE7|7F Eof

!

=
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i
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o] G0l 2R H, 12|il 7]ojHE 7= i
71U @<=3HGear DOWN cycle)S BT},
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U= AEAA] A7 REE HojErh 9o 08
Z A QoA AJZFske], M= Aol Rl Sl
CB2E AA1 Terminal 12 AA 37119 7]o|2H
291X (gear UP switch)9] ZtZo.2 Zeof gk,
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switch) & A UP &80l AT LZ
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(YL W=t} UP &yicolExido] 25
UP &lieo|E &0kl A As7]3=
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th, 28H 7]of &Y A 9] NOT UP Position®]
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Gear selector switch

1] ®

Gear horn

Gear unsafe light (red)

3k
\ _ 30A 93
Hydraulic pump motor assembly Eernimetorh o= )| ‘Nﬂ’g
C.B.1 >Q
=4
upP DOWN - 5A § B
up Dl Control current #N\ g 2
< e o5
C.B.2 bt
—T O | & »Q
3o
'o -
DOWN uP DN upP DN uP DN
| limit limit limit limit limit limit
=
S i
(7}
. g A
0o ([} , o m|®
& )
= - ol o E Z zZ ol o @= Z ol o F4 z
| | Squat switch S O o o DO O &n o >D| o o o
e (=] ——
[5) o o=
(7]
®0 =1
8 -3 23 k]
o
S ® ® ®
(&)
Terminal #2
Terminal #3
4
Throttle switch
® o Yo f
Retarded ® | Advanced

=== Current flow

[222! 2-93] Landing gear moving down diagram
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Jeab Buipue]

Jeab Buipue]

3
=)
o
\ _ 30A S
Hydraulic pump motor assembly DT UL (0 Bt '_.| E
C.B.1 >
3
)
P\ @/oown L :
up Terminal #1 Control current 7~ g
o0& —@ =
C.B.2 o
——g | @ >
3
&)
DOWN upP DN upP DN uP DN
\ ] limit limit limit limit limit limit
l: A |
8 {  J @ |(Mm
& )
= - ol o 2 Z ol o ©=2 Z ol a 2 Z
Tl | Squat switch 2 2 o o D] O &0 o > O o o
L 5 5 3 5 3B 5
2 5 3 b4 4 S & b4 4 S 3 2
0D 20 (=
o o= o
' <© bSO 20
~‘5 2 03 c3
n a3 o3 29
o o =T x£o
a
S ® ® ®
(O]
I Terminal #2
Terminal #3
L 4
Throttle switch
Y ° ''4 j
Retarded @ | Advanced
Gear selector switch \
=
Gear unsafe light (red)
Gear horn 1 m=m= Current flow

[212! 2-94] Aircraft landing gear schematic while gear is moving to the UP position
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e AFLEAA A Terminal 22 o] &3,
Terminal 204, 7|OJAEIAIAE AA 7]o]AA]
o] L5 (unsafe light) 22 HFHZ7} o]FofZitt,
qref 7]oj Al EE (gear selector)7t 7]0]= DOWN
o|il £FAh= UPL® HES 759 #o] o
AL} 710 §AeF YAISHA] Gh=thH, AAlol L5
(unsafe light)o] AZIt},

1% 2-939 AF FAbo] HolE, AFEAS
A (squat switch)= &37]7} GROUND E+=
FLIGHT®] Q=4 #ete o ARt o] A9
Ae AF3A 2EHE(strut)ol YA, @+
719] FAZF 2EHES d5AE o, 29A=
&5 3 GROUND A2 &9, ~912]7}
GROUND 1Al 2l= w, 7]of= Hof Yold &
gla gk 2FAt 7105 (Gear UP)& A3t
ot %4 (warning horn)o| &¥th AFHEAS)
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NI ==
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=2
rr

m

Jhu

o,

N

©

ﬂﬂol
i[‘ﬂ fij
T 8 o=

rlr

N
>
~
N
9

>~
4o
R
i
=
o
1o
N
il
[Rd

off 1B %O

poe)
tlo

£
o,
k)
flo
o
o
and
ok

A9t gelA s
el 93 A1AA914S U
Aol SRtk 19 2-9304+= ¢

N
o 3

o

o
N
tu
o
off
>

JBi
©
U o)

=

2.3.1.8 25 F&(AC Supply)

A o] AsFa7]e AFHALFA7IA AR (low—
power AC electrical system)= 22t} dukzo g

WFALEE A W{RE AR A6k
A71eF A 28 FE& Fast7] S8l A
o}, AA LG (electro—luminescent panel)-S
571 A71HE S8l g B 2HAILE ol
FAAES Ha g gt AAEERY (electro—
luminescent lighting)2 7Pl Z-&2Z0]ojA 3+
710l A&317] o}, AAEZ A 7= AYo] 3o

A
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Hole o suhs Wk 22 S0t o] Alg=
HHHoR SEAEToR HYEof PR AR
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3, MEgAE 4R RRE WS F 714
el ATPAEZ FF7)IA FokE 4 9. 3
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g, TRt 7, 12 ] aE= Qls) g
71 A9t & o Qloh, S e
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A e e A
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A QHAAE HolErh, 17 2-963 2o, ufF

i

A

ol FlO
ool
okt

r
r& m;l
FTF
=1

TS

Lok
)
N

L
lo

7

it
rx
posod
o
Y
rlr

2
ox
H
1ot
fr
o
ol
N
4
o
)

=2,
s
Az o
oct
o
N
rlr
toh
2

=g Taad

_);1‘
Wi
MN ol

{‘.:
2
ro
ox
B
ofth
A

>lﬁ 2
(o]
X,
B
ot
(B &
r i
O:
N

oﬁjggﬁ

- 2-77



&l87| M7| AE Aircraft Electrical System

[:LE' 2-95] A static inverter

7} ARFSE 710 AHEE djoll=
E“_CLE—‘%E—] 2% 843 2 (distribution circuit)

YR PE7)= LRAYL Aolal] i3] W]

St

)
e
>
do
Wi

|(inverter power switch)E ©]-&

AL, HFAIL

AFH2A(DC bus)ell o] FF== SAlo] HEk
Z|A_AL927F D ashA] ¢ wol 7le T
5] g7l 85 gt %@VJ 571004,
Dl o]4Fe] W)= ofulaF4 e (backup AC
power source)Z W 3}7] -?45]1 AT o

Mg = ok 7HA o] e AdEEe Alwdtth 6&
7] Hg7|oA Zoks o e F 7HA GREY

92 26[VIL} 115[V] 5o},

r
=

2.3.2 Az Cleska27|(Light Multiengine Aircraft)

chiggsls Qv whialgslue o n
27, o %70, 2|7 o Wel vdga g
71 Aol vls) F7kE QA el

(redundancy, |- &AA7} 14 YL o 53l 7)
2 T 4 e AR AR, TY 7
of, &% tf B3 v A A (power distribution
system)& ZFITH AERA, o] FF7= FF

719 chopat Ralo] AR THele 2719 AR

Various DC loads

Inverter power switch (optional)

h 115 VAC (optional)

DC bus

Power from
aircraft battery
or alternator

« o

—

Inverter }O—QI_.— _—
AC

DC

) ) )

A

C

g @ —» ACloads
A

D

S o O
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[222! 2-96] Distribution circuit



S8 7| MAFE7|A7] Avionics for AMEs

7] B WAVE 7hsS = Qo s AR AR Hra o2 HAYELS a7l AFHEA|
(electrical distribution bus system)< 271 ©]AF2] AEI(DC power system)S A|e o 7hckst 114

Azgoz e, WamaAge duao

U =
ddo JRHT7| toleE, T2il HEolg F
o

o AAE T MM AAIAELE 1) oo M E!
3l o Hstoll MRS Fashe me- gl A 2] FF Mg 4t7] (power producer)7t 4
A A" S ThEo] Y=s AAH volt oJH &= AJARIHNS FAIS 4 s BAH)
of gttt thiE RSN, AYS w77 2
2.3.2.1 BEA& 177 B A7 TOR AF 26.5~28[V] Atojol| oA A}, 1¥
(Paralleling Alternators or Generators) 2-97o M= HERE wF7|o A ARG ket X
2708 BR77) B WA7I7F BEE 7 (twin— A8 (vibrating point system)& R oIE,
engine aircraft)ol] AHEE]7| wiiol|, ¥F w77 % 9-973} o), YT} QEX HorRAY] 1
of FEA A7|1RIH Aejop ek, WRY) Y T A47e] LRV EYo) AdE HEYLEIY
o) 558 Aele %5 WEdsolety BB 4 (paralleling coil)& EFIT ik, o] WHALR
Left voltage regulator and alternator Right voltage regulator and alternator
To voltage To voltage
i regulator and i regulator and
circuit breaker circuit breaker
Paralleling Paralleling
coil ¢ P coil P
D D
I i P I - P
q P o/c q P
d P Paralleling switch d P
d P Voltage d P Voltage
coil D coil
=] =
Alternator Alternator
output to bus output to bus
Generator control

(212! 2-97] Vibrating point system used for paralleling alternators
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=
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=
—+
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B
)
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@
Q
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S
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&
o
N
N
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_Q
=
A
>
B
i
2
2
to
2
i

Zot7] Yol EelEAEHolE Alo|3] = (solid—
control circuit)g &t} 18 371 L7
g5 HYE s Alojstr] sl AsH A
A7) (vibrating point voltage regulator) F+ 7}
S dxH7| 5 ARES, diRE BEolA, e
Stz ) Q] G 9371 Aelehn

A= AT, B= o] A|agEo] dd] 5 7]0lA

state

o
BN

¥

I

2.3.2.2 thg3719] vjA (Power Distribution
on Multiengine Aircraft)

o] thelg7lof A FotE 4= e HiAAl

2”2 Ao A= de BAsH] sl ofz] &l

28} ofg] 74x| 9] Ao]7]7]8} BB 7|7]E

A
LT et dFE ] A R A

¢

(electrical power system)2] AlZ|AL uj L
23 aaolt}, A4S FXA717] fet

A gwke D olie] o] Yol Fojd

¢

dr S o

shol| F= st flal AREE
Aolth E T 2ag AANEL 1) o4 w
22HRE Fa3 Ar7|Fsto Fushe Aol o
vk o] 7| A ESL7](corporate jet) =
Y EA| 7Y ES 7] (commuter aircraft)?} 22,
ARlE 7= 2709 AFEATE 2L gl
E vH= HEuA A
23 9, 1
2] 2-980f| A= AHtE| B =817 (twin—engine
turboprop aircraft)ol] that vjAA| A8 0] Ffeke
£ HojEt

& eSS

l-H

1

3 zzre] WA RRY F

A

(multiple distribution bus)&

g2 AgAor to|erot ARARVIE AH 2
710 5}9lH A (sub bus)® AAE= A7|H5HE &
SHEHY) o= U} 2% 27| A (generator
bus)7t 17| whiof] EaAn A Al (split—bus
power distribution system)S.& % 2|}, WH7|
= WER o] Ro|A| 1L 53t FokE 7ttt

H| 5 A2 oF] w77t 27119 HeA|of o3 &
gk o] gE7lolA FaE 13 AY2 R0l

HE 2o A} S FSollA
wer distribution)& HojFtt, 1719

Z WF A (main AC power)ol] AFHE-

A= tf7](standby) 2 A5EH Ho
FE WA= 26[ VI 115[V]
‘]f_‘ %pj—?(]—x] = }\J]El-]o]‘__

A Q%] (pilot controlled

HEA] A= dlo]7t

s
~

Fa7] 1
ZA(AC po

jus)
-
T
Q

(g 4 oo
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115V AC

Left gen bus

S8 7| MAFE7|A7] Avionics for AMEs

Avionics bus No. 3 "
; 5 To avionics
master control CB

D

¥ Avionics bus No. 3
A power relay (optional)

Avionics bus No. 1

Avionics No. 1

INV \
No. 1 A
[

26V AC

To AC loads (26V AC)

To miscellaneous DC loads

O
<K
>
0

To AC loads (115V AC)

(%)
he]
[
kel
]
o
[7)
3
o
Q
c
Kot
o 3 o
2
‘ }0 E o
(o)
'_
o o
[ o
o o
[ [

2]
]
<
o
(6]
a]
1)
3
<]
@
c
8
]
o
2
E
o
'_

To miscellaneous DC loads

50A

power relay

Left gen control

Y Current limi
urrent limiter
A
:
Left
start
relay
EXT power connection
7}
=)
m
z
o )
;
o 2
? z
i)
<
>
o
e\ B =
o
[
2
[o]
g g
= E
= S
w
=
<
F o
z
o -_— —
= =
J s Battery
o
] . !
Right
.| start

relay

}{ Current limiter

Right gen bus

7}
=)
m
m
2 5
_Right gen control
Avionics bus No. 2
60A Avionics bus No. 2
power relay
Y
A =

[212! 2-98] Diagram of the power distribution system for a twin—engine turboprop aircraft
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1Y 2-989] @ EZo| A= FhufE g A(hot
battery bus)7t @571 viEl o] 218 J4H A&
Hojzh, o] HAE gy7)of FHH HHEM }%

2of| o3l FYo] Ik thE
o ﬁ\_ﬁ}ﬂ (fire extinguisher), A& AFH(fuel
shut off), 1231 ARFHxZL} 72 HlgietAo &
Q3 Ao|c}. tiEke] A|AE A
= FF7IA 7Y v e s 1 oL LHof k= H
2t

of WiE 2| A7} &= AL viE e Eyo) 7} &
S, el 2] dY(battery power)> 5= HY
B 2]~ (main battery bus)2} 2 2]H~(isolation
bus)ol] AAE T, 3= v 2H e AR S &5
Ao 29 A7E —1‘?:“}5}‘:} e 2 s A o
=719 7H4 2 AFEsHcurrent load)E 245}
7] §1gt AolB= % 5] 2 &= AUk gk,
El2|e} A E 7= AEA SR 7S kol ATt 9
Z|stojof st HA et o= RE H 5 oo} gt

ﬂil

F}.L

ojtt. W Aol Ho S ffalf o] Aol ARE

g ofg] ARAR7I7F o, 19 2-983 o], A
FAR7] B3 A= vfpies 2719 A2y =ef
ojch, A2} 5
bus) Atololl AFAIGH7|= 325[ampere] &2 A
o 2ol Ant wAE & ek, R ARAR
7l 2 ARet B 7T ol deiA A4

oA AA 7} 7hssltt,

W 7| A (main generator

i%
i)
to
i
Bt
N
fl
i
(L
N
i
N,
By
1o
N
i3
%,
N

2ol AZEY, 27kl w7 2
sol BFetT, 1T WATE AAH Aol

o
AE 7] wigoll, TH7]= HEE fAu &

1__ = ) [e]

2971 3] BE st I ek sk
o} @717y ey ARAR717E e,
W7)s ERdoR A5 4 ol o] A 1

o3
ne
oM,
o
=2
)
o
N

r

Il >(redundancy)& 3]-&3}
Zlo]al whok L= 7fo] vbA 7] uAd ¢

]
2| 2] (battery backup)S A5tk

fr 12

% 2-989 Fholl, 4719 olea A7 A
(dual—feed electrical bus)7} St} o]& HAE= 1
So] 9=3} 225 WA RERRE HUL
H7] fiige] olFadeR hE, vheF Agto]
sk, Z47Ho] W7 WA oS e Q)
+ oJd & B e Hobof] 785 358 4 3
ot 5719 AAGA Alell, A7Fsh= olFgwd
0] Z}ZE0] Atolof| o+ UstA Hij = ofof gt

3 FE FIH Mg 2 HA
Felo] FFuA ach. qok stke] W2zt ol
T o2

shpel 9EAE g AR 255



S8 7| MAFE7|A7] Avionics for AMEs

Circuit breaker Reverse polarity diode Current limiter
N
¢

Dual fed bus # 1 (@ Right
main
generator
bus

Main generator bus

Circuit breaker Reverse polarity diode Current limiter

Dual fed bus #2 |@——¢ |

[22 2-99] Dual—feed bus system

T=5 sfo] 35717F A4 (icing condition) ol Al A AE &7 A7 Alofshe g Al AY
FHBHA 25T 4= Qi ) A2ES e g ol e aRd
9 2-999f o], o]FFAHAE FF AFA A712 thdd e Y(multiple power source)d} o
2719} thole =5 AA F W72 AFE 2] 7HA 8] WA bt AP A G744
= Ae G 5 Uk tolets 3 ko et 7l 37] BHlle] Qg F-sk = 27 o)/
ARSES s gk 2 71eeit AT 7| ENE ofy e} 17 o)/Fe] ofju]nFE7)
A A7 oA o] SHAMAR 55 4 (backup AC generator)S EHIT. o 27A]
© YA, oFEAR Ao WHT|HAR 2= 28-S oy e 7]olA AREEAL 35719 HiE g
AL E7Fsdtt, tho]l LB & WATE HRSFO| © T o] A gof Bl dE Saskr] flsf Ab
A1 k9] B2 (sub bus)ith B o] EHEE 3R St
A g}, 3 0] 2= HAFAIG 9} F2AEY] Huj 2 wF|etal REs nFdArs 34,
£ xRttt I 2AG7| = 2FA Xsh 2% 115/200[V] 2%, 400[Hz]E AAketet, oh¥a &
Atoll oJelf A7]sd 4= ek, ARAR7 = FulAL SEHFFT7= 2709 ARl AA 7] i
o ola) AAr A WAE 2= 9t} I EATT)= A of, 2719 F WHFEA7|(main AC generator)7}
FARZ Bt ozt o] W ARo R A7 o Aok, EFF B FEAA= AFUATE A
woll, vkef slzaigtr]o] A& HEsh7E Qlokd A o}, o] AAl= 5 W7 F s L d A5
Hhe]ojof girt, whoF 3224t 7F i e ol A v Wuf o] &= Sl Aot = Ao B
A U, ARAR = YRS E Algsial 3e £ A7) (auxiliary generator)= &% &%g°] 4
= BeA7ich vt o2 Galshy Hd 110[kilovolt amp, KVA]
£ Taetth A5 718l (emergency ram air
2.3.3 [ Ciekets| turbine)ol] &J8f & == vl HA] EH7]= 2709
(Large Multiengine Aircraft) F a7 Y] B WA 1 W A

o ol-&&

4
o %
rr

Aot v]A; BHH 7] (emergency
5T 7| = dubA o g o gefof 4= generator)= YHPH O 2 ©f 2431 AL AYS AYAE
> gl P

=
A GEn 44 oaS wasi vet g @
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0

A 2El(AC Power Systems)
EEHFET7E of" 7 AlL"ES el B
AEL ARt S0 HolE 9] %
A A ZHX 28 (Audio Visual System)2] A,
IR 7)ol LauWzly|E o3t ZHAYUS Ta

ToTEE =
ZAAA I A o A 2|l

o2
1o

Hu 1> oF rlo
K

ot
o

IRES PPN}

I>
1:1&

(electronic engine control system), ZAIA]
T1ejal FHAIAERINL Zho of g 7EX] H7|A|AH o ]
F71E HIAIZ]7] el Fasiet, she Xt

ool

2794 7] (engine—driven AC generator)?] %
Ao o]yl nE H7|AAHS 9
S L B St R e e P
ako] 2} 2} 7] 5 (redundancy

FuRY
o ge Uiy
o BES T
A7)

7]

m
B

H
S
)
=2
—
=
CJ‘!
r—*
DO
>
S
1o
ne,
o
rSL' n
i
J

sl €1 3
H“A“ﬂE7Vﬂ—E§@%ﬂl%ﬁﬁﬂ
wUEesli Alofal Ayt ohe} 4

iR
T Aol Fasi),
2719 AAAA WA A A (electronic line

replacement unit)= YRFAQ thy g 7)o A

Age Alofstr] flsf AREE T WA 7| A oA
(GCU)= Ad=dn FuppAofel 22, i
7] 71558 AlolE S8l ARSEITE, WA A oA
(BPCU)= @571l of2] 71A1¢] ujds 2 Ato]of
A FHlE Alojstr] ffsf ARGETH 7| A o1
A(GCU)SH HAHYA LA (BPOU): e
ofstal, A%ks HAsH, BastHd wAHxAE
371 9fsh gl Wski, elm 2EASE FEI)
2o} H A A"l (central maintenance system)<
2 A3S FuET AR oR 2zt

of dhsl stute] A7 A oA (GCU)RF M AF %
(bus connection)& Aofs}7] 913 A o= 17]2] H
2 QA 1A (BPCU)7H Ytk o5 F-RAZA]
(LRU, line replacement unit)= 3}-57]2] A=A
H]Z Al (electronics equipment bay)oll ¢*]skaL 7F
He WA 7} 7hsse s AA I

ZFAE 2FA A 7| A 0] A9 R] (generator
control switch)S ZFZ&rslo] HH4 7] Y (generator
power) 87 o, A7 Ao (GCU)= Bt
A5 HAsH] 8 Al2EE ZUERIT vhef
TE AA"o] FHE o|Ul& ZHEskal Qlrhd, W)
AR (GCU)= AR W72l A= 7hst

2 A28 1 AEAE ATV £ U]

)

(
AN

j&é

L]

71825 2}1:}—8}1, ﬂgsm ILH._,_oﬂ EE I
P71 (GB, generator breaker)2tal FEc},

WAL o 88 4+ 9IS 1, MARAA
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" Current transformer

CT output

_ Main AC power cable

[22 2-100] Current transformer

(BPCU)= A2 i dstr] fisf 2] 7kA1¢] 3%
£ A Ak A AR o (BPCU)= A4 A
7INAEE HUE Pkl AEet 2 Ak 9
sl A7 AH VA (GCU)2E -S4l T1d 2-1003}
o], HARYA A (BPCU)= A28 RYE
317] $Jall ®HF71(CT, current transformer)2fal -
2= YAAFHA7E o] -83t,

HF7(CT)e AL Lg e = daAolE
o

olg) 7x9] Bme] H4S Sla) A ARE]
3|

(BTB, bus tie breaker)gtil F2&= J&7], & &

o] EE5 ARSIt o] A AAAITHT|(BTB)=
ZFARe}E WA AA| 01X (BPCU) Y] 8- 3]
A AEL-go Q3 viA Aboof &S fitsial

=2kst )
5 EHTE7olA FotE 4= Q= Al 7HA A
HEA ol FEj o] uidH A AR 0] Q=] EEHA
(split bus), HEW(parallel bus), 12]1L E3} -

HE A (split parallel bus)o]t},

(1) FEH Al A A ]
(Split—Bus Power Distribution Systems)

Boeing 737, 757, 777, Airbus A—300, A—320,

T12jal A3109} 22, Ao} ARk

A 2R g BAH R A3

(
—

rir
g

1o ox

N

=

qu
e E N o

O]
=
R

N =

9] ARG UFHH 7= 22 3 7Y
(main AC bug)e] =g
H AHE RIS, 2719 7=

UG Hao] B T3

o T
ok
oy 4
st
w E
[
i
flo

i
abt
o
=
=
o
N ofnt
>

oX M
H

©

10

ZF(generator output current)7} Z&%E
ol 7] wj&o|c}, Tk 2719] oA (out—of—phase)
717} SRt Bi2of AAEH, AL &40]
2JojuA Eok, B A A8 (split bus system)
& FE SR 7F shte] H2of F8E ¥

SHA SHARE, SAlof sHAl= etk WA= &

F= 95h7] Sl A= A= ofof gt WH7|A
o} (GCU)LF HAH YA AZ A (BPCU)= 24 S
782 v A

o

%El_]

[o

oAl BdHaAAEe] Qe de7le, Bl

L.
F BE 59 A% 2 5ol 53tk o)A
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S Bz HFYZALA7)(APU generator)”} F 2
71 1Y -l a1 E (backup power)S Al
Al ket #HF71E e (ram air turbine)o] 23|

)
%Wﬂ%%ﬂﬂiﬂﬁég

2—

= I7= “FXW]XPEW]E AA 7”@4 HV\
o2 £9], Generator 1 GB 12 A

] AC Bus 12 ZFE Blict AC Bus 1:& o8] 7}

A8} 12} A7) Fael] FaEaL, 12al A= St

o] fslol| 8= Swdte sHH AR SEet,

FE 77y AESkal e /\]éE“O] 7ol
™. AC Bus 13} AC Bus 2% 2]
o7 vy Fole, 19 2- 1014 O}?ﬂé Gl
APB(auxiliary power breaker)= 7J¥= ZHo|1
Hz E‘j’:‘ﬂx] 7= AA =, 138 2-1019

Z- ofgfjo] vl WA= B3 AX L EeH
ghoF A7) I7F A U, v 22 o]

e,

@ GB 12 1% & W 71E EA7)7] e
A71 A AR (GCU)ol| &l3ff 7HHEct,

BAT i i BAT 2
HOT BUS 1 —}7 | —}7 HOT BUS 2 DC ESS BUS
L I
| | - | |
DC BUS 1 — DC % % BATBUS |— —| DCBUS2 ESS TR t
| | STAT INV |
TR1 AC ESS INV | TR2 t
ACESS
| | | |
AC BUS 1 AC BUS 2
BTB 1 BTB 2
| |
GB1 APB | | GB2 EGB |

PWR

&)

[Z12! 2-101] Schematic of split—bus power distribution system



@ H2H YA A2 (BPCU)= BTB 13} BTB 25
A& 71t} o] AL Generator 29041 AC Bus

12 wFA

1%,
fljo
ot
|l
21_:
o

AR FSstHA v dstr] Sl AAe
BAAZAAH7|(BTB)E ol sAIZIth, thA] gt
W SRR A7) 7L Ao, 27] 9] aRd
A7]1= AC Bus 13+ AC Bus 2¢f &= =

571 9I9l BYHOR A5

)
tlo
ofd

AFdgs Aikstz] Hsi, AC Bus 12 1H
2-1019] 9% Zgof TR 12 AFE Elct HY
FAA(TRU, transformer rectifier unit)+= i
FE AFE Hgste d AREY. M FEA
(TRU)= 115[V] IFE 26[V] 7= Heke @5
7] Siek Wekvlek 26[V] aFE 26[V] AF=E W
B 3RS Eaach Hehd MR

Z|(TRU)Q &8 26[V] 2724 57| wigz

o 33T AFAE2 vk o] §i7] WiE
of AFHAes YA Al Aad wheF WA F
A -, HAALA A (BPCU)= 2749
o] Akt vidS ©Ast] flsf 17 o] AR
HAE B3 4= Qo) o] 7]+ BlAAlRAY
(emergency DC power)& 3gdh= H AREE= 2

7He] v 2 E EaL Al

(2) HHEH<EHA] (Parallel Systems)

Boeing 727, MD—11, 18|31 %7]9] Boeing 747
o 22, EdeTls EudA A" (parallel
power distribution system)S ARSIl &AM
3y 2o, Bes ARFFEA7| = A= A4
o WFRSte| FEE Sttt off FAdollA,
A7l BERE AFsh7| gl BEudALE
]

[€)
ozt gt WEHLEA A, R TS A

o

F(generator output current)= YAro] 24
ofof Fhth, A7 FUTE B2 A

of, ¥H79 FYFutrs AFEYo
H(positive peak)} &2 & 117 (negative peak)
of FAloll =EstA 4= oof ghrh, BIgY A &
A7) AT 255 98l o] /4= (in—phase
condition)Z | 8ljoF g},

ST Bt olge WAy nA
S V3

AL A(paralleling bus) v 7|2 WA

(synchronizing bus)e= H|gY Fof ¥d7]o] A2

7171 98l ARET, F7128HAE THE

2(sync bus)efle FETE o2igh A|AHS oif
)

& AFEeEo] A &7] el Bl@eTe] Al
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28 2y 1%15} Ao 25 %71 (control bus
contactor) g 4522 Aofsfjof gty mAAZAA}
&7](BTB)+= HISF-Hol A7IAlo]ud (electrical
control panel)2 Z3 Z2Fsty Q3 HASS
HAAst= o o] g, WA=
517 918} Mg,

1% 2-10200| 4= 7hetet HEu A A S Ko
=t o] Fe7le MY F AL (main
engine—driven generator)?} 1719] & =]
A7) E ARG Q8% ofgfjo] Bz A

53

2% %ol 4557 ot u M A

HA7E

Askal &

N
offt
i)
Y

L= R e N I s M R R R B v = e
Aoltt, 17 2-1029] ofgjZ&of 3742 F ¥H7|=
No.1, No.2, 123l No.3 GBS AA 15 ZA9
WFH 2] AZAET, wRHAE 3719 2AHA
AA7|(BTB)E AA 7124w 2o A€, o
eleh WAl o2 370 A Y] R A9 WA
7)1 53SHAC electrical load)ES EHsttt 7|24
H2of AdH ®E 7= 54 (in—phase)©]o]

of BTk 212 BAIsHeL, Wk 717} g v,

1 ® BAT @ BUS
28V DC| ESS DC BUS 1 DC BUS 2 R52
‘ [ ) [ ] [ J [ ] ‘ HOT BAT BUS
BUS
T
| ESS TR | | TR 1 | TR2 =
R56
(ESS ACBUS @ ° ' SYNCBUS @ <
EXT
115V PWR
RECP1
BTEI BTB BTEI

GB GB

[22 2-102] Parallel power distribution system
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—-102¢] & &di7]o No.13} No.2 2+
5719 21574 7)155HDC electrical load)
AEE sadt= bl A= DC Bus 1= TR 1
5ol AC Bus 1258 A& Wt} DC Bus 2
Bus 2258 Fdet WAlow F3gEY, 4
2 E3F e s A (battery bus)2t A2 =
=oll= i 274 AdE 9% Hj7lo] B4
/\(essentlal DC bus)+= DC Bus 1 &
F4%] (essential TRU)Z5E 3442
‘:}O]EE = 547247 DC Bus 192
e A WA, AR HAE

H A (essential AC bus)25-E HgS =
2] (essential TRU)=HE A2l
ATt AE 5 Q7] gzl
redundancy)®
7|25E saE —/F— Aok 1 2-102¢

R LG SR B

4 E
(@]

EOE

o
o
el

B du
o2
oX

flo du

;.:XL—WFJJEA;Q—bJNmE:lmr{rm{oéE
Y O E du
N

e]7]

ofr

o)
N
e
=

S
rlr
i)
N >

o
I
hs
P

] A(Split—Parallel Systems)
( plit parallel bus)+= 7|2 o
8l (split—bus system)} HEH
dl(parallel-bus system) 2T+ ZAF9] AL
B5h . HHAAEL Boeing 747-400

w
7o
ok
ok

/\

>,

oo >
e

i)

H

A9 7] (main engine

19l

FEAA

it

L oyEs AFHG ALY U] 54

T [e} '—ﬂ'
AA = QRAYS AREE wfo|yt B AL
(split—bus mode) 2 ZFz-Et}, Boeing 747—400

171401421 (GCU)
oF 27119) WA AA| 1A (BPCU) HFEE ©l&
sto] Aot Z}70] W 7] & A|ofsl= shub] 9
A7 A1 A (GCU)7F =], BPCU 12 9%
A8 (bus power distribution)& AloJskal, 1
2]al BPCU 2+ 8% Hj2uljde Alojgitt, 34
74|12 (GCU) 2t H24 A| 0182 (BPCU) &= =
A AR A o] ol AW A fAFH 25
ok

T,b_’_‘?j_ tﬁeﬂ/\]/\l—:ﬂo 47]]_,]

%(split—parallel power distribution system)
= HojErh, I8 2-1039 Hj7lo| & 7=
Z HRlAZ (main turbine engine)oll 94
FHT 47 WA= W73 2Ad 7] (GCB)
Fop o] AAE Y, WA
oJFA(GCU)= 25APE HH7] HYds o= &
A 2Elo] HAFH O & ZES]
2AR7|(GCB)E &A1t
&t A7IAA" T 271 5f
AAE} mAAAN ] (BTB)
= A (BPCU)O ofslf AJof=]aL
I o= %7 }_Xoﬁ'],«(synchronizing bus)oﬂ 7—.‘
7| Bt Ag AAgich EEAIARIAH7|(SSB,
split system breaker)t &%} Q2% F7|xA
HAE AZsH] flef AREE L A St A
ST, EIA -7 (SSB), 7| 2] 2apet
715(GCBs), 123 BAAAAG7|E(BTBs)o] 3
221X (closed position)©]H,

R
32

+

N
I

4

-z

>,

A7e W 2

- o= R
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GCB 1 % GCBZ%

(AC LOAD BUS 1 (AC LOAD BUS 2

BTB1 7< BTB2 ;7

%

External power 1

SSB

GCBS% GCB4#

AC LOAD BUS 3)

AC LOAD BUS 4)

BTB 3 7~ BTB 4 =

Le.

LEFT SYNC BUS W RIGHT SYNC BUS

o

EXP External power 2

[212! 2-103] Split—parallel distribution system

Agtch, Wz 243
phase)©] oo} i},

gkoF 571 A7 L"o] 7 sEFol Tt

W, Aol A= dagt Be Bt A9 v

S EE HUF 23L Pk olE ol wep

Generator 10] 114 UH, GCU 1& Agke: gx|s}

il GCB 1= 7fW¥st=% g3ttt GCB 1 71y

31|, AC Load Bus 1& B2 E7]24H A9} 37)
H

o] Aok WH7|2RE et E oE 9
24, gtk AC Load Bus 47} FA 2 heh=|qlohd,
BPCU 4= GCB 49} BTB 42 7ugic} o)A
2tel Fet 2 45 APA7]e Aot dEhe |

% AC Load Bus 4+ Z2€tt, dehd w9
?ﬂh o ol FHo| FFE A ¢, Generator

45 ) ol A8 4 glnk. MIZ he) Wolgls

i

¢

)

S A% 4

, Boeing 747-

[e}
400& Q%HH{/\] Eé.(DC power distribution
system)S 2ESHCE A FA|AHL wijE 2|9} v]A;
Al ARgET A

ALY WL Pﬂ(TRUM ofaf o] 3

&7 (emergency operation)<

170

ol

-7

rg

B3

o~

f
Lo u o

& o

)

B

D

=

0g

@D

=)

(@]

<

>

0

o}

(@}

=

@D

= XN
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2.4 HiMAH|(Wiring Installation)
2.4.1 HiM=(Wiring Diagrams)
A7 s s 57 AuAnfrde] &
A

X et
e xgi% Wt

3T 54

vy
et
i)
:
(S
:c?_E

J
o:

2.4.1.1 71574 = (Block Diagrams)
7 Ee B A7 A A" HAA A 9
A o] Hx AurgE AHgEHY 7|e A Ee

=S HoE,

2.4.1.2 1Y% 3} (Pictorial Diagrams)

1% 2-1059F o], 2o & LERH Z=ajofA,

o] 1%L A|AH % (schematic diagram)olA]
= AF Al A7]5-5 (electrical symbol)

)= Av|AF AJZHY

e

+
%
;

\:l

N S ¥ 4 RS EEE ok

lo My e -z

Mg
g
PL
>
op
i
_Q

2.4.1.3 A 2" =3 (Schematic Diagrams)
19 2-1063} o], AlAREE A YEE A
got7] el AREH, AAZ YEWAY E= 7]

(9]
2
o
z
5]
=
Q
<
R GEN 4
RGEN Rpogo [ EMERALY @ —
s—{= @
a 2
@ _
# [NoRM BAT « ' M
R GEN = 2 9] i »
R FEEDER z| mv2 & | Windows | 2 L o &/ | 2
o & lights 5 >
: i T ol e[ ] o K] |2
— O
PROTECTORS | | EMFI‘ELF;E;AT a [©F N I L CONT nve PWR ALY i
CONT RLY
EXT PWR L L \&/
AL EMER BAT —
B;JEYTZIE RLY2A MAIN INV 2
bC BUSCONT | ~_of@
é E L o k‘ EXT RLY 2
PWR z
o w Q Z
a = | EMER BAT e . —o - CONT INV A g
z § " M (= gmw APU ALT RLY L
EXTPWR |2 o o oo CONTRLY @
ALY EMER BAT TRANS ® L
ALY 1 RECT 2
- =
=y > s :
— NORM BAT a —° - @
RLY1 |% CONT 8 INST INV >
2 @ LAy RLY = BUS CONT | ot Z
a CONTRLY ° =
@ 2 RLY 2
L L FEEDER =| LGEN T - =
Fgg'l\_ﬂ:Y (uzﬁl EMER RLY | Equip AC BUS |——(
RLY 1 - —.— TIR
L GEN RCCO L | L CONT RLY
|_| INV
LT £

[212! 2-104] Block diagram of an aircraft electrical system
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SYSTEM ARINC 629 BUSSES

AUTO _ . _|[auTO
ISLN O O | g'L“F O =ED ISLN
L BUS TIE = = = = '<—|_:1 BUS TIE
\ LEFT " APU BPCU ! RIGHT!
ON : ; : : ON
Sl ! GCU ! GCU ! GCU: OFF
L GEN CTRL : 0 0 R GEN CTRL
s s s s P
0 0 éEH 0 ' RIGHT EP
LEFT | ] ] i IDG
IDG i i J : :
eoB) f— to---d aPB E : GCB GHR
_________ AAenCCEE CEEEEEFETEEN SECLY ShPs O
eie P ;
LEFT MAIN AC BUS ® { RIGHT MAIN AC BUS )= AC GH BUS
BTB TIE BUS BTB - '
GSTR @

............ Analog control

GND SVC BUS

[Z12! 2-105] Pictorial diagram of an aircraft electrical system

SECONDARY PRIMARY
EXT PWR (/RAT EXT PWR BU
\/ GEN Y OQ GeEN
T PMG
e

: 1
APB to . » ERS PRI FE *[race Ll e
b R MAIN AC
ESE
e_9o
e o]

bo eus TRU C1 RLY TRU G2 RLY T/
IS TRU C1 TRU C2
A A 4
MAIN BAT |
CHARGER MAIN CPT - F/O crbsve
BAT. RLY BAT - CPT BUS TIE RLY
e_o

HO

ISLN RLY APU BAT
A
T BAT ) BAT = —(CPTFIL INST 4+ A~ F/O FILINST ) CHARGER

P GND PWR APU BAT

BAT. RLY
APU
BATTERY

AC STBY
MAIN PWRRLY (" graTiC
BATTERY — INVERTER

BAT BAT BAT
pPMG —] LFCDC PSA | (STANDBY AC) CFCDC PSA [ pmG pMG:| R FCDC PSA

(L1) (L2, R2) (R1)

[22 2-106] Schematic diagram
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)
r =
o
oo
=
o
flo

IN
N r
)
o
=2
2
4o
et
1o

29l

ol & ¢ Sl AAEY e A7l AE Ax

¢

il
Ee AeleS AAlL AL Helshe A A4
7]zl € e

= A
(practices)= AHFA Q1 HiLo] il A ZAPAE-H AT
A E tiAshE A2 oy,

AL kA (single conductor), 74l (solid
conductor), = AANEZ 7R A (stranded
conductor) 2.2 AHEch 18 2-10794= AA
9 o|F F 7Hx] A& Agict v F st
F o], dFAANE Hu2EYS AR 5] 9

3| 3Lojof Jitt,

P57 A71duol AHREE, &0 "AolE

(Cable)”2 th2-3 2t

(1) A A o] E-(Multi—conductor Cable)

thlAlol &2 22 A (jacket) Woll 271 o]/d<]
A1 AAHA

(2) EYIAEH oA o] E(Twisted Pair Cable)

| 3oiRl 270 o] A A Q] AR

Conductors

Wire single solid conductor

Solid conductor Stranded conductor

[Z12! 2-107] Aircraft electrical cable

—

3) A=A 0] E(Shielded Cable)
=&HZ 2| E(metallic braided shield)2A 7+

AL 17N ool Al

(4) B ZFalA o] E(Radio Frequency Cable)
2E&HZHE T A (metallic braided outer
|2 = dYeFAEAAA

(single insulated center conductor)

19 2-1087 Zol, §of “grolojsty A (Wire
Harness)"= A88A9] wjgoe] &2 4 AH|
of AHgsE7Io] ARt Mjidze AAE o=
F4H T (metal band), = o=
Fel® o AYE o AREE=, ekolojsiy
At wtkg Zaep) . solojshst BE

W72 a8z Fe71olA sl AN

(lacing cord), &

ofF s &<, AFds7Il FEHALS 600[V]
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[222! 2-108] Shielded wire harness

o 105[C]e =7t A% FAEGFEEA
(tin—coated copper conductor)E AHEsH:=,
MIL-W-5086A°] itk 12]at o] 7] &7 e
G AAvjEor FYEHSH FUE
+871= @A FAHmilitary)t FAA 8 AR
F5hs, MIL-W-22759 t#Z0) whet Az %

o7l DAY AAlA 7HE FaTh AR
& Agegol AR FAE AdEsHA LA
Aoty AT 4= 9l 7 7SR e xR
of gt A FAo] Aeix ojof gt} ML
uir o g wZujAd F= H3E v (protected

SRR ECE

2 Ad £ e FdsE (insulation’s

HAE £A =AY 2
ability) 2]

2.4.2.1 =41(Conductor)
A2 7P wol ARgH F 71K A2 et

SRnlpolch, 22e B4 AN Abgo] §e

[ 2-4] Aircraft electrical cable

Characteristic Copper | Aluminum
Tensile strength (Ib-in) 55,000 25,000
Tensile strength for same conductivity (Ib) | 55,000 40,000
Weight for same conductivity (Ib) 100 48
Cross section for same conductivity (CM) 100 160
L Specific resistance (ohm/mil ft) 10.6 17 )

i
lo
[‘4_4
o X
=
0
=
ko]
o)
S
@D
=]
=R
=B
mlm
AN
rlr
)
s
|o
ftl
-z
i
)

2l¢] %‘éol umr;] ‘i’iﬁ}.

2.4.2.2 =Z(Plating)

‘5 (bare copper) &&=l i3t HlE&R #H
ﬁi}fq 2 (surface oxide coating)& THYAIZIT}, o]
Absta ke EekRt A7) mAolA A S-S
sigtet, 1 7iEl, B
AFs&-(oxidation rate):%
= I& QA= gt

1z

@ FA =772 (tin—coated copper)= oF Y



Aol g el 1A 84 glo] 4

oz gyo] HA gt= FAEFFY F

< AZF 5 AJZto] S wet wWEA 2

Hop, FAEFE = 150( T S E
(limiting temperature)7}A] AR 4= Qlc},

@ &E=F- A (silver—coated wire)& &%7}
200[CI(392['F ))& Z2TstA] b= 3toll AHE-
o,

® YA =™ (nickel—coated wire)-2 260[C]
£ HoAE g $4e AAIHAIRE of2fgt
25 7M(coated strands)& AMESh= O

Fa7] S Z71AQ =Eol e 260[TC]
AN

i1’
inj
>
ACh
|
13
o
D
=
23
D
@D
<
@D
H
rr
oo
2
lo

2.4.2.3 A A (Insulation)

AR F 7HA] 249 JAS AAAF
(insulation resistance)¥} &AW (dielectric
strength)o|th, ©]5-2 ¢H43] th2 Zlo]al Hrf9]
‘g4 o},

A2 Azl 24 #g 9
ATl gt Agteltt, AAAGTE
XA 71 A ka1 A A& A (megohmmeter)/d A A
3 A (insulation tester)= =743}, 1g]al o]H
Al Boldl Am= A S YRl 21S A s}
= &8 ARe] "ok, ey o]yt Ao s o
A Are AAA 9] Feet s UEA

PN

T Uk ARG e v 2 e

o
=}

2

}(arc resistance), WAl (corrosion resistance),
HE7ZFE (cut—through strength), 2AW=
(dielectric strength), W3Hflame resistant), 7]#|
Z 7} (mechanical strength), 7]%<(smoke
emission), T A3+ (fluid resistance), 12|31 G
& (heat distortion)¥} -2 3H4of ule} AA = ojof
3t} PVC/Nylon, Kapton®, Z12]a1 Teflon®y} 2
& AAA 9 e M= Fs7] AAel H ol
& AREEA AR, ] Fa7lole o ds] A2t
5k A2g 7] AAE R A mEe
Tefzel®, Teflon®™/Kapton®™/Teflon”, 12]al PTFE/
Polyimide/PTFER Th=t}, AAA 22 72 A
TR %= AlsiA XA St

o] HARE AAIRte] AR 7HH o B
odof| AztE = Q7] Wi, HAl AA e 9l
A Qs EA4S v avt oot dof oigt A
FE A Aol 7124 84017] tiEel, FE7]
Sieof w2 Aol AAoA 71 Fadt Aol
Aol w2 97|k, 1AFHSHhigh current
loading), = F 7}A]9] 23O & Q5o ¢ =&
2EoA ZEIeE e A, AF2 M
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2.4.2.4 A4 A9 (Wire Shielding)

Ao 710 & 4= Sl tids] wizet A
A 8] o) F7teE T, W 7|3 =l of
ok A A E HAshes A2 w9 SasiA|L
Qth 2= A7 7 (EMI, electromagnetic
interference)< jAIst7] flsf izt vl =
443 E (metallic covering)& 2-83t= 5740l
o}, A7 (EMI) A7 % (electromagnetic
field), & Auk(radio wave)7} A4 F= HZof 11
Zu}A At (high frequency voltage)= =& wj &
gttt o] FEAUS AlLH Y] BAst B 1A
o] glele] & 4= qlt,

85[%] W9 oVdo= Ao AH-E HARIT, 1
F 2-1099F o), FFA0lE, 35A ol&(triaxial
cable), A=A 0| & (Twin—axial cable), == 4
Z7l0]&(Quadr—axial Cable) A} 2o u}
gf, @4 B SEAC HAR A4" 2
2, A AHgEooF gttt ®3F 7] A H A

—

=~

=

Z(airframe grounded structure)= AA}7]7Hd

(EMD) 2t AR 4= 9l

2.4.2.5 tiA A4 (Wire Substitutions)

A o] 71& 719 2|9} Aol Bagh
AL, AFFEL7)AZAHOAM, original aircraft
manufacturer)®] thA| 521 o7 A4S 9l ¢4
F5710 et AujulrdE HESfoF g, whef
A ohep, A2t B EEE wAE S8l
2h& sfjof gy,

2.4.2,6 9% - 57124 AA 79
(Areas Designated at Severe Wind
and Moisture Problem(SWAMP))

a9 2-1100 o, AF - £71%A TAL G
Zube} thEAge, EEg $4E 2 S weld

(wheel well), 97l &3 (wing flap) <A, 7
E(wing folds), T+¥&(pylon), 181 thE
ool o]& FHoA Y HALS F

o

rlot
o,
o
PO TR A

of HE HHL FF B AL WEA

[}
€ 7 s GASAEE 27 bl wAE

[212! 2-109] Shielded wire harness for flight control

[Z12! 2-110] Wire harness with protective jacket
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< 277 i AEL, B ¢ = UYL 3 (3) Y-S Aol A= o FAYS FAI5HH,
7] AzGA el Au|H& (aircraft manufacturer's AA Halol HELS HAF(line current)9

maintenance handbook)o|A] 1= HA £35S Wz Ao A9 IR EE(drop) o2 HAZ
ARgShE AE mif- Sasit, dAA| e AR HEs doinh HANA IR EF9 52
2ol wheh Febiint, HE2 Folo A Eawe AYxd Yol
o}, gt wgHe AFE SolAY A
2.4.3 MM1Z4MEld(Wire Size Selection) 2 Zo]= Aolt}, AAg(ine resistance)?)
Azt a5 =AY A7)ef FAE STV

AL n2HAAFE(AWG, american wire by B3PS (load current)] HAs £41
gauge) 08 o3l HF| WEE A7|2 AxH = Ao o2 RET A5 izl F8t
ok, & 2-59 &, 14 ¥ (gauge number)7} 2 oA AYgHFe] 88 7Hedt e Wel sl
5 A AAE Aok YubE el AdATle A=A (line conductor)®] #A7} TESHA] o
No. 40941 No,00007}A]&] H9|E 3ttt = 0ff o] Fofzl},

TANZ = A AHE Hushr]of {8314 @) AF7 TAE B3l 5 uf do] wgdd
9k ey AA B AClEY Be SR S A 2= WA d B WEE o] A
A SAT 4= Q= A2 o, B #2& A e 3 A7 3500 ol e Ea 2
< 2E olE9 e Fisk] Slsl B2 7Y oz w|7kA] sttt wheF mAlo] HAE Q]
o] stz oA Qlrt, oY 9ol FHAL A, ZAoflA] A d2 Ao HAHEA]
HE A7 Ee HAREE 93 e o AEeY W fHoh A AAEY] ofH, deER
(circular mil(1/1000[inch])2 A4te, A E= UF B da2ig dAAE B35 9le,
Aol&9] 7He il &F 71 WAE Fste] 4 =

A BASIe AR e U otz
1

A 4 ek A8 ok gtek, A7) EAlo 3
e S8kl widshe A4 2718 AR e Aol AREE A, oAl od)
wf= olg] 7R faaEo] aeEofjof gitt Y de AR =AFE e & Hdlo] "t
8822 B 8EAMT QRIIE FTF
1) AL FHE3 71AA g ZE5oof gtk off thafl RHEofAoF skar, T1ejar Zfzke] 7%
(2) A9 38 EA(2R loss)> H= W2y © 4% ARk =t AL 2 dE
= A71UAE Uepdch #2 =AY AR AL AR Qe =AEAY FR/
2 AFgE £o] AIZHORE 2R &40 £o of whef mHATh
o, 22y F2 B4 gho] vl 737
ol § B2 o A5 WA= g 18 9-1113} o], gkok No. 208t} ©f 2he =
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[& 2-5] American wire gauge for standard annealed solid copper wire

Cross Section

Gauge Number

Diameter (mils)

Circular (mils)

0000
000

o
® N O o0~ W N =2 O O

W W W W wWwWwwowowaowmnNnnNDNNDNDNDNDDNDNDNDND=S 24 2 S a2 g
© 00 N O O~ WON =2 O © 0NO O B WON -+ O O© ®NO GO » WOWNM = O ©

N
o

460.0
410.0
365.0
325.0
289.0
258.0
229.0
204.0
182.0
162.0
144.0
128.0
114.0
102.0
91.0
81.0
72.0
64.0
57.0
51.0
45.0
40.0
36.0
32.0
28.5
25.3
22.6
20.1
17.9
15.9
14.2
12.6
11.3
10.0
8.9
8.0
71
6.3
5.6
5.0
4.5
4.0
3.5
3.1

212,000.0
168,000.0
133,000.0
106,000.0
83,700.0
66,400.0
52,600.0
41,700.0
33,100.0
26,300.0
20,800.0
16,500.0
13,100.0
10,400.0
8,230.0
6,530.0
5,180.0
4,110.0
3,260.0
2,580.0
2,050.0
1,620.0
1,290.0
1,020.0
810.0
642.0
509.0
404.0
320.0
254.0
202.0
160.0
127.0
101.0
79.7
63.2
50.1
39.8
31.5
25.0
19.8
15.7
12.5

9.9

0.166
0.132
0.105
0.0829
0.0657
0.0521
0.0413
0.0328
0.0260
0.0206
0.0164
0.0130
0.0103
0.00815
0.00647
0.00513
0.00407
0.00323
0.00256
0.00203
0.00161
0.00128
0.00101
0.000802
0.000636
0.000505
0.000400
0.000317
0.000252
0.000200
0.000158
0.000126
0.0000995
0.0000789
0.0000626
0.0000496
0.0000394
0.0000312
0.0000248
0.0000196
0.0000156
0.0000123
0.0000098
0.0000078

Ohms per 1,000 ft

65 °C (149 °F)

0.0500
0.0630
0.0795
0.100
0.126
0.159
0.201
0.253
0.319
0.403
0.508
0.641
0.808
1.02
1.28
1.62
2.04
2.58
3.25
4.09
5.16
6.51
8.21
10.40
13.10
16.50
20.80
26.20
33.00
41.60
52.50
66.20
83.40
105.00
133.00
167.00
211.00
266.00
335.00
423.00
533.00
673.00
848.00

1,070.00

0.0577
0.0727
0.0917
0.166
0.146
0.184
0.232
0.292
0.369
0.465
0.586
0.739
0.932
1.18
1.48
1.87
2.36
2.97
3.75
4.73
5.96
7.511
9.48
11.90
15.10
19.00
24.00
30.20
38.10
48.00
60.60
76.40
96.30
121.00
153.00
193.00
243.00
307.00
387.00
488.00
616.00
776.00
979.00
1,230.00
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A AFEE A Qotof Bttt VAA A=E STt
AZ17] S18l 7h= w719 Aol 1 =da=A
(high—strength alloy conductor)?] A2 118
sjoF gtk dubR oz Size No.20 ol3fe] 4l
& 712 SHZIL Al EofoF 5t Aol 3749

£ AAY} Z2Fo] HojoF gt} 3 AdlE 1
29l (connector grommet), MHYA| A =T
(strain relief clamp), ¥4= <24 (shrinkable
sleeving), = Al1&A] BA](telescoping bushing)

I o), ol F7ke] AA|H7} Qlofof gt A

2.4.3.1 A7
(Current Carrying Capacity)
o)no| Aoo] HAL P #UE (connector)
Ao Hae AR § g ARE 20 5
Utk o] dlofA=, Aol o ¥t = A F
£ sk A2 844 (contact rating)o]Th,
Eﬂ & #7719 AL 2= ARl AdsHA 44
ulE] 440 G2 crimp) Helol A ARE-H
O]: gty 7 2-112004 = WE A4
(derating factor)g @A sh= 49| EaES A

R

1o

2
i

A~
T

(1) HH-&H-2% (Maximum Operating Temperature)

Mo BEG SEY, WEY 3P, Bh 2322 QMY JALeEg SUT SEPYYRRA
(screw) Wto 2 RE 2k H7t g= 3ol A} (temperature steady state condition)?] ¢l
8% golo wit}, o Bl Wi 2a1EA) gotof ath MY 4
1.00
0.90
0.80 \\
TN N
= 0.70 §\\\i \\ ~
(] . T~
‘g \é\ \\\ T~
= 0.60 ~ ™~
S 050
% \\:\\\‘ N \\“ —~— | |
g o040 = = ——
= — [ t— [
=] —— T
O 030
0.20 " ‘
0.10
° 3 5 7 9 11 13 15 17 21 23 25 27 29 31 33 35 37 39 41
Number of wires in bundle

[212! 2—-113] Bundle derating curve
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Wire length (ft)

Wire length (ft)

CONTINUOUS
VOLTAGE AMPERES
200| 115| 28| 14 1 1.5 2 3 4 5] 7 10 15 20 30 50 70
800 | 200 | 100 / / / /// / / v o 100
600 | 150 | 75 / /] / /, /] / A /
4 / / / / / d / /
y, / y 4/ AN e
700 | 400 | 100| 50 p AW ARV ANy 4w 4 y 4 yd /. y ARy 4 /. L.
630|360 90| 45 y 4 y 4 LN A L./ y AR i yamy4d A A%
560 320 | 80| 40 Y44 SN yd A. VA4
) | = el e A S A A A A A
350|200 50| 25 / 7 /7 /_/ /r / // /
280| 160 | 40| 20 V4 / 5 % / / 2 A / / // “
210| 120 30| 15 // / / ///’ /] / ’./
175| 100| 25| 12 /. . L. AW /.
iy Vo e e e _/ |
A7, y y pd
140| 80| 20| 10 7 7 ARy yd /1
12| 64| 16| 8 ,,/ /// ot ;1/ |//
98| 56| 14| 7 /’ A oins AL
84| 48| 12| 6 / a4 / / v i
63 36| 9| 4|/ // A |
i !
42| 24| 6| 3 |
1
33 2; 15 025 24 22 20 18 16 14 12 10 8 6 4 2 1 10 2/0 30 40
VOLTAGE DROP — — — - Example 1 . No. 8 wire at 20 amps
::_:_—_} Example 2 ‘ No. 12 wire at 20 amps
CIRCUIT v A No. 14 wire at 20
VOLTAGE —— - oltage drop example A 0. 14 wire a amps
200 15| 28| 14 1 15 2 3 4 5 7 10 15 20 30 50 70
1600 400 | 200 / 7 / / v o 100
1200 300 | 150 / / / // // / /] / / /|
N
/ 150
1400 | 800|200 | 100 p 4 /// A 4 A4 // 4 // ///
1260 | 7201180 | 90 /. y 4 AV Ay .S a4 pARy RNy 4 2.\ A ..A3°°
1120 | 640|160 | 80 "/ "/ yay Avavd pyamyd /] A A
980 | 560|140 70 /. Yy /7 YAV EY. w4 7/ / / I -
840 480[120| 60 /
i D s I // // /f/ //// // - A
560| 320| 80| 40 Ve / // ,/ ,// / / i/ // // / // V.
420| 240| 60| 30 // / / / /
350 | 200| 50| 24 A L1/ /:( /. L.
4 p, . yd
280| 160| 40| 20 /] = /// // |/ A S -/ -/ o
AR A R A . 04 7 /
168| 96| 24| 12 // / /. // - // . //
126| 72| 18| 8" A // A |
12| 64| 16 Al i
98| 56| 14
84. 48| 12 6 i
70| 40| 10| 4
=T 2 22 20 18 16 14 12 10 8 6 4 2 1 1/0 2/0 3/0 4/0
VOLTAGE DROP WIRE SIZE
WIRE SIZE NOTE
Voltage drop chart Length (LI) is based on conductor temperature of 20 °C. Lo - (254.5) (L)

Continuous flow at 20°
Tin-plated MIL-W-27759 conductor

To determine length (L2) at a higher conductor temperature, " (284.5) + (T2)
use formula in which T2 = estimated conductor temperature °C.

—— —— = Voltage drop example B

[322! 2-111] Conductor chart, continuous (top) and intermittent flow (bottom)
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™N ™ ™ 7 || // N ™
L S q
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1T N N
//V AN ™\ IIL
——— e } Q
—— ! I =
= J |
= T o
—r —~ m
= a]
T w _m_H._ I ©
" 0= ‘u“m i
o= \\h/; | ~
W w t
o3 i
[e] i ©
N I
(= N !
=0 !
on
z< | ©
T
< W
<
o o o o 9 o 9 o o o o o oo o o o o o o
S S & &® ® K © ro <+ @ S S S &® ® K © ro) < ®
(] « - @ « -

700 800 900 1000

500 600

400

300

200

80 90 100

60 70

50

40

[ 2-112] Single copper wire in free air

- 2-101



2-102 -

A2hew =4 B

3

st27| ®7| A€ Aircraft Electrical System

AR A3t glo] Aen

<E-
(continuous operation)o] dufu} Ad 4= Q=X

of 29 Ut

@O A&t} 7]19] ¢hAl(Single Wire in Free Air)

13 2-1129F Zro], wjAAl (wiring system)2)
AF-2H=3 (current—carrying capacity)2 5
o1zl A27]9] HAo] sl g-2rEaol(HAE — 9
71RE)E ZAekA] ghal RK ¢ gl FHiA

Folot, AL ARzl e TGS Vo=

T H,

@ 32 Y9] A (Wire in a Harness)

19 2-1133} o, AAo] sy qhoflA] thlA|
olfls o, TN HofA|= Afe= EolE0fok

b

el Ao whet Fof
FasEjojof 3t ¥
2—1149 A= _TLE%H\JJ]] (altitude—derating
e
@ Y2n]EH A (Aluminum Conductor Wire)
dFuEAA] AREEE W, 27 & 2-60]
# 544 (current rating) & 7|22 A
Bl ofoF BT}, No 8Hrh 242 =719 A2 2
ARGEIA] o=

il
U
-z
1o
ne
rb
rlo
FlO o[N

5
g
=
e
ne
o
>
20

rr
5|

RESER

(engine—mounted Accessory)®l F-2FE 7t

1.00 \
0.95 \\
\\‘
N
= 0.90 ™
o : N
B N
8
= N
= N
g 0.85 S
t \
=
: NN
O 0380 - N
N
N
\\\
0.75 “\
NN
N
N
0.70 SN
0 10 20 30 40 50 60 70 80 90 100

Altitude (x1,000 feet)

(22 2-114] DEZAAISTM
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[& 2-6] Current—carrying capacity and resistance of aluminum wire

Continuous duty current Max.

_ (amp) wires in bundles, groups, resistance
Wire or harnesses or conduits ohms/1000feet
size

Wire conductor temperature rating
@ 20 °C
#8 30 45 1.093
#6 40 61 0.641
#4 54 82 0.427
#2 76 113 0.268
#1 90 133 0.214
#0 102 153 0.169
#00 117 178 0.133
#000 138 209 0.109
#0000 163 248 0.085
A1 A (corrosive fume), A3F A% 7] A4 A&
UG 7He 7o, BE AF 28 BeR e 2
oA ARgaLA] gotof Btk EF o)A
[feet] ofstol| A= S| = Aol Foh
st=fof(hardware)= dFulEEAT T

P -

(2) 72452 ALt
(Computing Current Carrying Capacity)
U dolA= X el HapgF(load
carrying capacity)< ©JSA AAI=A 2 74

oS AFTE, AE EAHS Foln TR

F571

10742] AA, Size 20, 200[C]2 23S ZHa1 Q)
= A, ae|ar 25709 AA, Size 22, 200[TC]9

L 23 gt THOR ojRoldl Fhs, &

=2 (open wire) E= HEA (braided wire)o] ]
7127} 60[T]%] ] AT 5717} 3k
5.000[feet] TS 288 50| Q= Aolet
71, sleaae wE ok
N, oF 20(%]7} ol 2HBAL Tz §7HA A
AUFE S} Glrks 21 vehdict,

Solution

Step 1

a9 2-11294 A-Fdl7]1=4(free air curve)oll
= HA(single wire)S Fargtch, A3ti718 4
(free air rating)S ZA435H7] Y8l AAgA &%
o] ¥k WAttt AAL 60[C]Y <7|=et
200[ClolA B7HE7] oo, &=8] Hak= 200-
60=140[clolc}, 19 211104 HAAX=7] A3} ol
ZpeF W74 P ow 140[TC] &&= ZpolvhE whf
7k}, Size 209 Wzt Ao 7] A2 21.5[amp]
o|]al, 1eil Size 220 et A7 EH-
16.2[amp]o|ct.

13 2-1139)4] HEAAZA (bundle de—rating
curve)& Fargtet, 20[%] FAE shu2of Q=
A T 20[%] ol3kE et 224l e
& (power current)E 551l Qo HELSF
(bundle capacity)2] 20[%] ©|3}7} AF&-E]ojof &t
oF, W50l 3571 AAo] 17| wiwoll, E=ollA
355 2 5 20(%] FAolM =215 0.529] Ha

A=(derating factor)E A3},

-2-103
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8.4[amp] 3P~ W AZA(in—harness rating)<
T+517] f1el 16,201 0.52F 53k Size 22 AHrth
71849 AAEEE Wt

11.2[amp] st W AAS F817] fsl 21,501
0.525 ot Size 20 2717842 A&=

s,

=~

A

a9 2-1149) 1=7 {}—Tﬁj(almtude derating

=
1
-0,
co M
ot
o
=)
=
[}
@
&

= #%ﬁﬂﬂ et A

A%Eg w7l

-
i
dheor
2
X
N
rlo
o
OO
[op)
o
)
_l
Fu
oX,
N

8.4[amplell 0.86< 3t Size 22 YA Wf F4
< @&t 9.6lamplE Fot7] 9@l 11.2[amp]oll
0.86< H3te] Size 20 st W A Wach,

A sy A8 (total harness capacity)= -
st7] 9, HAE<o] WFojxl &%, S 25
7.2=180.0[amp]|2A] Size 22 A9l F(total
wolal dAEYo] W ol &, &
10%9.6=96.8[amp|ZA] F3lZ] Size 20 HAA 2] 4=
2} g3}kl 20(%) shY ~-&5F A5~ (harness capacity
factor)2A Foll Fdch 2= FULETFE
(180.0496.0) x 0,20=55,2[amp]°|t}, & sPYAHA
H(total harness current)= 55.2[amplS Z1s}
A| oFofof gt} Size 22 S 7. 2[amp] o)A} *
Hk1A] 581 Size 20 A4S 9.6[amp]
SHA] SRl

number) &

ol &t

12719] Size 12, 200[C]9] 55 ZX3 Y= -2
Koz ool YA, & =& (open wire) T
+ HxA(braided wire)o] a4 25[C]2] ¢
71259} 20,000[feet] ZLEoN|A] 60[C]E S&-Ec}
T 7Pgie 12709 AM B 250) Hehge

(maximum capacity)o| A Z-5Ec},

| Step1 ]

rr

Step 1

a9 2-11290A ARH7 1A Sl
ke, A7 A4S AAshr] fls) A &
= Aolg AR}, WAL
7| &Eof 9L 200[C]Y sa= 2 9l
2 zfol= 200—-25=175[C ]2} 200—-60=140[C ]
ojth, 1@ 2-11104 Ztzte) A7 oA A
3} wAkg W7k 175[T ek 140[C] L5 bl Al
(temperature difference line)= wWak7tch, Size
129) A 718 A2 27+ 68[ampl 2t 59[am]o]t,

a7 2-115°04 MEsddiAds o

F
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100[%] =+4 %27} 12709] A 2%E7}h =

(full load)& 2Htsal th= AL &L 7] w2
of AeiE]qitt, WS 12702] Ao 7] wj&Eo
FREFA 125 %lﬂ 100[%] A1l A =215 A
0.439] AA<H AU A4 (de—rating factor)E 2

2] zsl—r;]-

k7t 29 2[ampl¢t 25.4[amplE 3171 HlS
68lamp]2} 61[ample]l 0,43 F3to] =7] No.12

a8 Ae JAEES dact

a9 2-1149] 1= A& F =4 (altitude

_H
o
iz
i
il
bt
2
>
1o
BN

de—rating curve) 317
o]7] wzel 4B sy 29t feet] 5 =
ok AAS 27 1,03 0,919 A4z 458

sr5olof gt

29.2[amp]} 23, 1[ampl ¥7] I3l si=rHolAl
29.2[amp] Z12]3L 29Hfeet]ollA] 25,4[amp]e]l ZF
7] 1.0%} 0.91 Fslo] HEA
of Sl Size 129] HAZHS W&}, deHoA
T 25[¢] 7|EoA AA HMESFH(total
bundle capacity)< 29,2 x12=350,4[amp]°|T},
20,000([feet], 60[TC] &7]2EA, HELF
23.1x12=277 2[amp]|olct, 2t7}9] Size 12 A
2 3=, 25[T] @7 2&olA] 29, 2[amplE &
S 4= QAY E= 29Hfeet], 60[T] 7= A

23.1[amp)S 24FeF 4= Qo

ll

O

A A (bundle rating)

r_t rlo

i

Step 6

rE
i
)
%0,

1
.

N

F2He) Zdat WS dhsf A< 3]
27Tt THeF Step 5ollA AlkE ghol
H, o 2719 s gkl ALt

tu

= B
4o B
ok

mlm

ool
;A:

2.4.3.2 3-8 A Y735 (Allowable Voltage Drop)
77138 Y (generation source) T1= HiE| 2| 2HE
v/l A
L 717 AA AR (rated current)S 24HSEL Q)
S o E= w7} 58 9H-E(5—minute rate)= W
HEal QS wf 2AH S (regulated voltage)2] 2(%]
Zafsiz] Qrotof gt} 3 2-79] H= HIAQ) o]
717 (utilization equipment) A| Ato]of H5}3]
Z(load circuit)o| Al o &]-&A47sHmaximum
acceptable voltage drop)S 4 2]t}
9

A A (main power wire)ol| 4]

¢

oo mlm

F37) FRES FF AFAYAZ (current
return path)9] A2 UHHE o2 AP E EX]

ul o] AL JLxEo| A& 2 (bonding) =

E
= —
W3t AEASA R} DA ST 22 Aot 9

=
=

[& 2—7] Tabulation chart (allowable voltage drop between bus
and utilization equipment ground)

Nominal system A"g‘lfvoabtlieu‘r,ionltage Intermittent
voltage continugus ope?'ation operation
14 0.5 1
28 1
115 4
L 200 7 14 J

- 2-105
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[3 2-8] Determining required tin—plated copper wire size

and checking voltage drop

R Circuit Wire Check calculated
Voltage Ien;&s e size voltage drop (VD)
drop (feet) ) from | = (resistance/feet)
P chart | (jength) (current)
1 107 20 No. 6 VD = (0.00044 ohms/feet)
(107 x 20) = 0.942
0.5 90 20 No. 4 VD = (0.00028 ohms/feet)
(90 x 20) = 0.504
4 88 20 No. 12 | vD = (0.00202 ohms/feet)
(88 x 20) = 3.60
7 100 20 No. 14 | vD = (0.00306 ohms/feet)
(100 x 20) = 6.12
- J

[& 2-9] Determining maximum tin—plated copper wire length

and checking voltage drop

i . o | Maximum| Check calculated
Maximum | . | Cireuit | KRR R0 voltage drop (VD)
Voltage . current >
drop size ey length | = (resistance/feet)
P (feet) | (length) (current)
1 No. 10 20 39 VD = (0.00126 ohms/feet)
(39 x 20) = 0.98
0.5 -- 19.5 VD = (0.00126 ohms/feet)
(19.5 x 20) = 0.366
4 -- 156 VD = (0.00126 ohms/feet)
(156 x 20) = 3.93
7 -- 273 VD = (0.00126 ohms/feet)
(273 x 20) = 6.88
- J

2O AYE U AR S 4 Sl 3=

4 AL

Ut Ao /feeti= &

QJeeke QAT grow fAslolof B
83} 3 2-90] A= AAA H7ATS
Slal ALgHEE BA 1 AGAH oS

> 4>

2-8014 Rtobe 4 9l A

3710 thafiAl= & 290014 BRI 4= gl

Calculated Voltage Drop [V D]

= Resistance/feet x Length x Current

™ (Electric Wire Chart Instructions)
AHe) Beat 2218 Hes] Sial, b

%k‘?.j (computing current carrying capacity
method)®]| thafA= |42 % (maximum

operating temperature)S 23},

9 2-1118 ol 83to] et MA AT E st
£ 7 Hazg] RFA717] 9, the A

Folof g,

o rr

o
=
i
i
o

iz
Qﬂ
El

A} she A5 arsfloje] 4
A

o Ao
op

o
fe duoor

® ©w © O
fo

2°

N
2 G

£ 2 (continuous current) FE+=

(intermittent current)

¢

EE 24 w40 2
3} W5 F oft]ol A2}

o2 A2tE =71

2
L)

Jo rg A dp
o
[2d
rJ

Q@ @ @
2]

)
=
X
=

o|-g3lo] 17 211194 A

ohe geldl gns
=
=
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O FA 4 (ground wire)& Edsh=, AAdHA=
50[feet]o]tt,

@ AFE3Hcurrent load)= 20[amp]e]t},

@ A H2of A Ar| = 28[V]e|t},

@ 3| == AHAol

® d&d =4 2E& 20[T] olgtolr}, =& &
29| =72 14[V], 28[V], 115[V], 200[V]
oF o], ezl At F(voltage source
system)ol] gt =t HAA7sIE HHA|5H]
Q5 A A o] (maximum wire length)S
Ui, o] A2 w9 Hi7olA 1e

L Hupeofl A AL tisf Aeshe Ay

VoSt (voltage drop limit)= EQlEt) =

o] Hrj7]ofl AHd(slant line) 2

bt =30 wele a2 A4+

Lpehic,

E_.

o

1.1

(wire gauge)

Step 1
A% FaolAl, 28[V] AU & offfo] HAZo]

50[feet]& Zr=t}.

WAV w712

o] A A4, £Fo uletol A LR OE Y
ek, ZHe No.83F No.10 Atolo] "ojAit} o2
Z£08 sh v 2 A7)0 AAE =it} o] A%

o T
o= No.8& Aggth, oA A% w=+o] wWhp
ol A FAIE AYHeIeteo] 23} glo] AR&g

T e THE A2 2719 AAdE ERd o] A=
a9 2-1110] A koA FHHHY, A& E
(continuous flow)ol| tisfiA= 18 2-1119] ¢&

7123l @5 E(intermittent ﬂow)°ﬂ isfiA= 1
F 2-1119] oF &g AMgTHct,

g3t I 2-11oM A

@ MRS Zol=, AL
@ ZAF5sh= 10[amp]e]tt,
@ A H2of A AE| = 115[V]eltt,

@ 3]2+= &2 H(intermittent operation)o|t},

A& =Tl A, 115[V] AY &
200[feet| & 2r=t}.

A= 200[feet]o]tt,

ofefel] A4Zo]

o] X]Z-]oﬂ/ﬂ E=x0 Wulthol| 2oz Y7t
o}, 2k No.163} No.14 Atolof] WojAt} o8z

o= SR} o 2 A7) 4, o] Aol No 145
HeEfgitt, oA 9% o] Weleto] X EAE

HOPASREE 23} glo] AT 4+ Gl TV AR

7] Aol

- 2-107
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2.4.4 T AH(Wire Identification) utet 15[inch] tiztA = vz Eojof gich, 4
o] 3linch] m]wke] de% AEd dazt gick 2
2 9 Ay A L AolEe AAg A o] 3~Tlinch] AAL Aol Ffol AldEofof gt
& A5 ok, ArAbe] b, Z1Ejar Aule] & ot F7He A4 &2 H(Identification Marker
o|3h= wedslr] ffs Hagt Aot} 7)ol A Sleeve)= Eto|(tie), SHZ, £ AARA7} A
S5 e A A /7 AdS HAY o = A7l AAT 2ot YIS A= ojof g
£ ot A efjof gt AR 2ARE 1|5k 570 ot A E RS (wire identification code)=
o] ofetr|obrt/EA; A|AAFGEH 2 H S (CAGE, (AZoN LEZOR) & FROZ(fo|A off
commercial and government entity code)Z ©| 2) YEF Elofof gitt, A E= Alo]E] £
HEHDS (Part Number)E w2+ Zo] YRHAo] Aok 7 7HA] W okt Ao
o}, FEHT0) o] &2 wA7F Hagt dA A2k
A e SRl 4= it A AAY B ® 19 2-1159 B& #Zo], A :E A (direct
Ogh AR FAGRE WA A e o7t AN marking)= AlO[E9] &FulEo] Qafsto] 4
ar=tt, R
@ 783 Al (indirect marking)2 E4=&£L|H
2.4.4.1 A EEA %] (heat—shrinkable sleeve)o] QI atar, A4
(Placement of Identification Markings) E= AlolE QR uEo HH &e|BE A=t
A EAS AN & 2yt A9 dolE sto] efstct, a9 2-1163F o], 7H 4

/is/inches max

|«—— 15 inches max ———

H215A20 WHITE

‘<—3 inches max—

A. Multiple wires in a sleeve

/L 3inches —/— 15 inches

15 inches ﬁé 3 inches —/

B. Single wire without sleeve

T S~ M—

[222! 2—-115] Wire markings for single wire without sleeve

2-108 -
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‘k 3inches a‘ ’. ‘ <~— 3inches a‘

[Z12! 2—-116] Spacing of printed identification marks (indirect marking)

ZA(indirectly—marked wire) = Ao]E&-&
FE EHolA Blfeet]E EA Y= AR
e SeH= RlEofof gtk 17 2-115
o] Ao} Zol, Aol Well 7o M-S T
3linch] o]l A Zelfojof gict,

2 AXAFA] v (Types of Wire Markings)

A5 (preferred method)o|2h AAA| o] H
A glo] Aol A #AIE Sz Aot} Teflon—
coated Wire, Z}#|u]jAl(shielded wiring), t©}
Al A o] & (multi—conductor cable), 1#1 &

A A (thermocouple wire)> 5 2l47|%

(identification mark)E 4=3y5}7] -?4'3H Edslt &
dHE Ha 2 gt} QoA AgH A F3ol 4

A ZR1e 4= Q= AA A7 AAA] (ere marking

il
Se|He} g Aol 5 Hojof Jirt,
a4 2- 1173’1L o), Aol A4 E/\]ﬂ
il

== /\P*Q“ﬁ}% A 419] @ﬁ%ol &AE 23l &
gl c}o|(stamping die)ol] &J3l A<
wall)o] T E3 0|5 AR TH o AET} B

g}, o|F 7hE Foll wEAl B

H (insulation

4712 A1

a7 2-1183} o], A

(identification
FsalA] ohom A

il

sleeve)= A A9

& % glet,

SRR

N

EFd = EEYT A& (flexible
sleeving)> YHHH O & ARG} o & A5t}
Color—coded Wire T+ Striped Component

Wire7h Aole dyEoz AguS ul, 4

-2-109
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[E 2-10] Recommended size of identification sleeving

Wire size Sleeving size

AN # AL # No. Nominal ID (inch)

24 12 0.085

22 11 0.095

20 10 0.106

18 9 0.118

16 8 0.113

14 7 0.148

12 6 0.166

10 4 0.208

8 8 2 0.263

6 6 0 0.330

4 4 3/ginch 0.375

2 2 1/,inch 0.500

1 1 1/5inch 0.500

0 0 Yginch 0.625

00 00 5/ginch 0.625

000 000 3/,inch 0.750
| 0000 0000 3/4inch 0.750 )
Meelne Mo| ztzke] AAAWIE (wire
identification code)®t ATHT= AL A
sof gtk HEsTEE BE A B Al

Eo]|A] Unjacketed Shielded Wire, @A EA]

(thermocouple wire),

(multi—conductor cable),

temperature wire) =2
SH}, giFE AEH o] (identification tape
se9E tAlste] ARE
o] o keFHE

(polyolefin sleeving)<

A0, tHAlelE
231 312 A (high—

9 APaal] 91 A

sedols AdE FdT

2o Az} AgHolof g, Eolgeluae)

£H E (solvent) 2t A&
|

oF9 (synthetic hydraulic fluid)ol] *&2o]

(25

otk 400[°F] ©]A4

H
[e]

28

& ol ARgE IOk Bt SElHE AlolEE o]

(cable tie) Ex= Gl o3 Al Y] 17| o]
—100f|A= of] 7FA] Z719] 2o

2.4.5 MMo| It HiM

(Wire Installation and Routing)

2.4.5.1 =244 (Open Wiring)

HFr==(handling exposure)¥ Al&x=Z
(service exposure)Z2HE| £Abo| A2 Ao
wo] Q= WRAZAAL il WAl (interior
fuselage)tt 7F A=A (pressured fuselage)oll
A, 243 ZHpoint—to—point) =Z3FH A (open
harness)oll AHEETE A7NHAl S S5 SEE o
U= e jlol 7)ol ARFE, o] A3 =
Z M4l (open wiring)o|2tiL st ZJw)] gol g}
B FA19] oldlE Alset

2.4.5.2 AXA1F, thAl7], WA
(Wire Group and Bundles and Routing)

AHL A1 e 2440l A2 w7 9

v o oT1E va

#WE(bundle)o] FEET, o] AHThIe %

5}‘45—9] EOoh"ﬂr Z-—lol
(wiring harness)= AZ7|7H(EMDE 957 9
& < H=(metal braid)= H& = U

A7 Moz vns A

wiring) ¥} olF AL dQ

unprotected power

=

(duplicate vital
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(1) AA HEQ =£38F(Slack in Wire Bundles)

i HET 7 A Aelo] AR s
Al AzFE| ook sttt 7He4d 84 (movable
component) = 220k E Al (shock—mounted)
o] AdE AALS ¥lEo Aol A &
& Aol S523] ol Fd ¢ =S FE7F 4ol
£ 7FAoF st} Hujd# d(terminal lug) = A
dlg o] wjde Ao wA glo] & ¥ AH-F
(re—termination)Z 3-8& 4= Sl FEE o
7} Qlefof ek, o] olf= EYFZ(drip loop)e}
7FET 840 58 eatol| F7tE| ook gtk 19
2-1203+ Zro], dutd o7 HA1Z(wire group)
T HE2 ARA Abelol| 1/2[inch] HFE =23}
812 grotof it} whoF MAIF E= HEC| HA
e dovl= Mo B 7/l itk o A
S 2ibelE Hrh, ¥E E-> D2 (terminal)©]

wah PulE Belshl @ 5 GES FE| L&
g

[222! 2-119] Cable hamness jig board

component) 2 7h= HjAY 22, Ao ok sk, A4, AlolE, HFH, L2 25|
(grouping) E+= tHdAl7](bundling)= T sfjoF &t 71AA HYge WAskL, SFuREEAIY AEnke
oh A3 b AT dubder 757 A EA(vibration—mounted) 4] &} A2 o]F=
Al olst, ®= 27 1% ~2[inch] ©]s}7t & ofof &t o] g-stal, T1ejal BashH 570l A2AtE o] Sl
o}, ofg] HAo] HuiAE junction box), TR Zoto] AefQlHE (alignment), AJH]A (servicing),
(terminal block), 39 (panel) 5o 2 o, W EY(tuning), WA N (dust cover)?] A|A L
& Woll 259 A2 FAE 4= A g aae] HAS psk] Sl Al olF S
-

1/2" maximum with normal hand pressure

[212] 2-120] Slack between supports of a cable harness
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BRI

(2) A8 F(Twisting Wires)

AxUol wHle] FAEGAG T AH A
(a local practice)o] == uff, Hayst A4

w2 v
olct.

SolAok gt} Thee by A2l o

@ A7 HH(magnetic compass) Ex Z2A
W H (flux valve) 2] Ftof Ql= wlijA

@ 34 A (three—phase distribution) B4l

@ dRYols) =rof 7| HE ghr]e ujid

3 2-113} o], 1[feet]d HIHL] +=
AL, A 2o tjsto] HalA Foles HA
& H] Aol s A AAA

HAA7F RARAY = vh WA
tt,

tlo _f‘:.'
rﬂ
i

Hl%t}.

=]

odt
f

7 %

m{m
ot

4
%l

o
R

J&
53

flo L

A

rsi‘

[# 2-11] Recommended number of wire twists per foot

Gauge # | 22 |20 | 18 | 16 | 14 | 12 | 10 | 8 6

w A A
— |

2 Wires | 10 | 10 9 8 |72 7 |62 6 5
3 Wires | 10 [ 10 |8 12| 7 |612| 6 |[512| 5 4

(3) 2Zetol~ A4
(Spliced Connections in Wire Bundles)
2Z o] (splicing)> viAl 9] Al=da 7] -
7|1AIEGoll = A G o viAlol 5EH
YA, s5A01E,
a3 2 AR
Zofof gkt AL

of st =43t ZFol U=

B35 A (multiplex bus), ~L
AZTol A QUM ARE %
AETOIEE AR A H o
ool A= eds] v

4= Qi) 7\}74]*4045] A3 eto] A(self—insulated
splice) 2] AR&o] A5 E XA 0] & o A A Zglo]
*(non—insulated splice) A4 AZglo| A

7b &% B 1A EHE= ETs

sleeving) 22 § o] *P%?L_ T Slth @A e

2 MIL-T-7928] 4

(sealed splice)= E¥ - 5712 (SWAMP) A

oA AEEldY B & e S Alseith
PAPN

= N
131‘% A== Hlxé"d &F
_112’-'_

AU,

of® 2719 AYE Hi= thE 2 AF Afelo] o
| sho] A FEofA] 174 o)e] AE&Tto|ATt
AojA= gk Hr, SHARE AYEE oH] w|1E
2] = (spare pigtail lead)ol] £2Fsk off, ©hAlof thAd
(multiple wire)& 2Zeto] e o, A4E HHY
ZHl ™ (Contact Crimp Barrel)2 97| 98l A
2715 28T o, 1ga 7k e E viEe A
o] 2558l W= o Q]oltt,

% 2-1213F o], W5 o= AEeto|ae A
A 7 Well HE 23S WA 9oz Au|o

VIe Fe LS dovle WEY A719 ojd
THE 242 shes A= SIZEHA sfof g,

A8 OIé% Aol che @A Sl 9lel,

7)o AHEE AN T =
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[ 2—121] Staggered splices in wire bundle

Asl7] alA DA (termination device)2] ¢
A4 ofZo] =Aof F2ke wiE A ejekal, T
Zlofl A 12[inch] o]tz ARE-E oA = ot FHTt,

(4) ==24H (Bend Radii)

AAOE B BN =359 v A
Aol Detol A o8 AL B WS gl o
TS Ak, 7H w8 A4 B AlolEY
917 (outer diameter)ol] 108} ©|3}7} EojA= oF
o}, o] AdsHA A[®H oA, ¥ HAl
E= Aols A7 3ulj7t HA it vEZ ez

b o

(radius requirement) ©|H = AA F= AolES
Ase Ao| AFAAF ofgle To| M 2o} A
ol Htl-(msulating tubing) &2 ZI#pA o sttt 4
j(thermocouple wire)ol] thgt WHES A A}
atof| whetof 4eef ook skl Alo] 50| 2k
e 2] dojuA] BeE 525 FAY
o}, F=A0] 5T} 35 0| E(triaxial cable)}
=D

oJ%

i

F

1o u
rﬂ

o]
s
o

iy
rlo

A ZA o] E(RF cable)& Alo]E2] 2]
§o] W o2 SR of it

(5) MPEERE HE
(Protection against Chafing)
AR AR 7R 3 T O dAI9

(6) LELORHE BT
(Protection against High Temperature)

H B= 124 *—QEHE] ‘:HE] gofA HHHH‘H
of 3ttt AAL TAl Lx7} AFEF (current—

carrying capacity)oll #HH €7 2= 4 4
%2 1 o ALK (wire specification
oY E FAHE=S Fgo] WAk g
oh 7174712 =712 o A s = QI At
Ay e Eofof gt ShAf A] 1E]al S &
of Z-salloF sk SHIAIAE, a3HAlE, A=At
A, Eetoldto]etolof(fly—by—wire)
Alsoll AMEEE AL WAIE 717 2k A9
2 Fojk JrEEYC] AFHEE Fuo] 2
o7l R AdEofof gt MAHAL 120
SH S o 5553] At
ddxnyE HAs7] s A3,
(exhaust stack), @3 Y E(heating duct)

of 2o meAuRRE A4S AL ¢

maximum)

HlY=F

H‘

71 &
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gAaF E= ZUHEHREFEE(PTFE,
polytetrafluoroethylene)?} 2+ 12 HA R =

TGA e B Autof sHe WA HeAA)

o olE ARt 4o LEoA WAL Wy &
o17) o] Eelolgala 2o Heee Sehay
AN AolRo] AT Aol 1LAGS

o]
-
safof gt} 4L FEACILS olelst H5el

HAAIE 2 Q.

(7) &N 9 A ZHEQ BT
(Protection against Solvents and Fluids)
A FE7A A6 EA4 T (metallic flammable
fluid line) Alolof A&
9% H31 341 2

AsHarcing fault)2 o

g % gk Ak, 0,

[22] 2-122] Posttive separation of wire and fluid lines and wire clamps

mof= F-EA|TH(fluid line)oll A FE= ul
Adstofof gtrt, Ao 1/2[inch] 1HAE FAJste
5 5] A E S Wk Fe ARl A5
AAT Y5 AJekaL, sjAlat 3, 12fal H] Aol
| 243k 2[inch]= BiAd o] F-A|E|ojoF ghe}, 1
21228} o] FAxLE AAkslt) o5 =
Ak A "8k =
o, F7he] S9=71 A
ZhE|ofof slal S L= Atese WASHES &
SATE A"st] flsf A

g & ofof gt}

AR Ee A OF2 A 4 e A5
S Ao E17FAY B A9 HE
oA Evtof gk, Edfl(trap) e EHFIE 7
dlE], A} (terminal block), 34 (panel), ==
A4 (unction block)S 3Fsko] ofefjZ& ko &2
BAR A B Alols B9 EHEw
A Ee 35ES WS A Hofof 3t} 17
2-1237} o], EYZ L A Ao o} & HITFEE
AUE7HA] IR Lo R olFstes e Aot}

<
b

S
e n&'i

)
>
il
U
o
)
ol
ol
ok
N
(e
o,
o3

oz A

Z]
L

[22] 2-123] Drip loop
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Axo] H&EuAst B A7 oA o5
o sz FollA, Q17 W%

T A7 & 7?% S71E HAsH| Sl Al

A 5jofo} gk, §5A7H o)

= 357 ¥ ‘1‘—'—71“5"— T U o] A2k A4

2 Aol A He] i

HAY B= W59 7 (moisture—proof covering)

© 2 ufjAd = ofof g,

ol
i
iy
i

Sl

N
f
S~
>
)
=
>
2
i)
o
mE
Jﬁ

() B 9] AARS
(Protection of Wires in Wheel Well Areas)
RS} v Telo] JAE BHL et
oA How|A] e -2 3Rt Aol =
8 < S, s 248 A AP
A s BAE
of ol® %—o E= 3’—}55_} L&gro] glofof gk, Hy

2HES wHsolo T, o2 AT 4 UL
o, AdE = HEst7] sl Hofof gkt BlHH
Ei T oA so] sHE AHS S A
(harness jacketing)2} #4E] WA A2 (strain
relief) 9] FEHEA F7IH TS djFofof st} wjAl
= B35 Qs AME AT e sl
L 479 2 BAa] 3 Tt ol sol
of gttt

ol

_

HuAbe A4 Aolo] xoE, A48, A% 5
B} 2 Ro) FHORRY Ao =EEE w1
W3 b2 FoA AEeA HEHAEAE AN

(9) S =ZA2ZHClamp Installation)
18] 2-1249} o], AT AAchEre S
ZgtAgA o]l EAEF (plastic cable strap) 2
A A EfojoF g}, F o} thE 12} A AFA
2% GA A8 (fluid resistance), AJA(UV
ultraviolet light)ol =<, 18|31 AAchito] 2
gle =94 §ol 59 B HolA AP A=
2 ggEoloF 7t} o]52 24[inch]E HA Y=
HASE o|AE ook Bt} 17 2-12590A4 1¥
2—1277HA] HofE A3 o], A L

Afolof| A o] Zoj A A] ¢ral & Sl & e st

of B},
F’

rr

rle

g

(23 2-124] Wire clamps
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FE=FAFIF) 01 E(coaxial RF cable)ol| 2452
31

Z(metal clamp)®] AR QkeF F 314 o]

ot

22 Fol S0l Ao] E4EA gt ST
7} B4 0] E(RF cable)s w2 B =A] o
= BAlof AolEe] FHEE F3f ol A
at7] 913k AAgh Afo| =g Mgsfof gt 1
U AlolEo] 7hE SR (axial pull)e] 7}
e o FUZE B vy e 8

stole ot AolE B AATHER o7 1

e olREE QT EHUS W 1fturn] o] A7)

GHlo|ZE A7)A g}, ESAE S (plastic

clamp) E+= Al°]5E0](cable tie)= °152] A%

o] 7FEZZE3 ] (movable controls), 7HeA|<}

Aokt HE, 209 B HIEA o2 HijAl
J

AX £AHchafing damage)?] 7HJ o2 wAyg
% |
Bl

)

4y

=
Ue oAM= ARgel gAE ole2 =

ar
AN =
Fexelo] A B ER Ao &

lo
o

= <l

Dangerous angles

Safe angles

A% -

[212] 2-125] Safe angle for cable clamps

1
R

e 2o 4 i SR

AHGEA got

=
L SRS AMThE 27 EE A4

‘7){71] A s

19 2-1263} o], v|ZEAIA E(nonmetallic

material)ol] Ueha] A¢x =
AAES A Yste s ARG ojof g}, &

ni S uhe

7= 2

Cable clamps

Bolt O

Split lockwasher

? Plain washer % Plain washers
Nut

Lockwasher external teeth

Self-locking nut

[22 2-126] Typical mounting hardware for MS—21919 cable clamps
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S
S

[222! 2—128] Clamping at a bulkhead hole
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0

2 L2 EAY(structural member)
of ¢la glofof g}, Ao (stand—off)= A
[e]

ey
oiff’

WL} A7 AFA] Ao
AAchdto] A (bulkhead)

o 1zYl

A8l A= oo 2,

RAithero] 7] 9Ao] THHUL ©, vt
HAY (bulkhead cutout)®} HAATHE Alo]of
(e}

3/8linch] ©15te] o1 Fto] Qirhd, Ak
Hl& 1% 21287 2ol A2 4 glek. A 4
HeE 457 e g Aust 2298 A Yo
T &E(slot)S AH (cutout)d] Aol 91|

o] A&t

(10) Azt Aol EEH= HA
(Wire and Cable Clamp Inspection)
et 2ol sl A Aole=2H=ZE AA
gt} Alolgo] F2E e A4S AA AWk
=oll, AASE 9ok Tzl tis HARI, A
ol 5 A (cable terminal)ol] WS WA|stL &5

FeEA gulo] oS Hass] o) oA

=}

:
AN, AT} Aol e ERE(trough), HE
(duct), E= AATo] EFHUL 12 Aejeln

et 2719 F-38& ARg-aliof gt
AR 25 Atolo 1HEE& fA8h7] H8l =
£ A o AH(metal stand—off)S AFE3IC) Ho]=
e w8 AS A S8l ARofaE o
Aot AL &A=t wAtEe FAst
7] $18h Off—angle SHIZE d2lol= Ao &7F
e Y, A9, v, Be FREA HEEY
(phenolic block), Zz}AElgto]H (plastic liner),
T 1 E 2 (rubber grommet)S A2Fstcl o]
, oA E e A 0|2 FEEA
7HAQl B = AR 4= Qe
AAat Aol FA ol HA7]E
post) £ AYHA A3 FHAZA (solder
connection) £+ 7|AA 94 (mechanical
connection) HYZ A EE SHIIHEE

(clamp retaining bolt)E Z&3s}A 1AA| 71t}

(terminal

(1) 750 B2% HAI) Folara
(Movable Controls Wiring Precautions)
7HEn] Y 222 ] (movable flight control) <
Aol wiME HAo nHe A= ol (steel
hardware) 2 Hz}gjjof sl T2 24 (single
attachment point)2] Aglo] ZEA%] 7402
28 o gles HAS ook 3, AR 7k

HEEAA Aolo] HagtA wEe] 2R
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1o
o
]
o
ull
N
R
o
b
i
)
o
ull
go
L
o)
o
=)
)
2
H1

2.4.5.3 A #(Conduit)

9 2-129¢F o], AMTE éHZHEQ} H
TEARR B st GAT FejE AlAtE
o}, Ao 2 1 B2 AlojE T WA 7|4
ol R3S 93t Aot} AMTA7| = APl
2|2 A} oF 25[%] A= 2 A4 WA (inner
diameter)& A|Asto], AH] A] go]A, 18l

g 5 Qe vl 3= 22 st 54
& Il AR = ofof gt

o

D 57 B AL £ ¢ EE 9 o2
£ A A wa 2o AATe YA
714 of=ct

© AA B 74 e R WS 4

I=R=]
T

[212! 2-129] Flexible conduit

2 1% (fitting)oll S2& w57 913 A4
P& A2

(1) 347 43H(Rigid Conduit)
£AME AAT BES Tube 7+99] 80[%] W
ARgSl= A B AdThdolA HsiE mle W
o= HEA
Aol sl 4*01 BFZEE (minimum
allowable tube bend radii)% Hojeo), AdAA
oA FEdAY F5 ghefojof oF
b BHegew U“ZLOH;C] A2 & (nominal
tubing diameter)® 75[%] ©
(minor diameter)2 Zr= v F4HE &8 A

o] o= 10[%] 7] whiefl, ek

1
*—l_l“—

[E 2-12] Minimum bend radii for rigid conduit

Nominal tube OD (inches) |Minimum bend radius (inches)

g A
%6 e
Yy %6
A 15/,
1y 11,
S 11,

11, 39,
11, 5
13, 7

(2) 7k 4 A H(Flexible Conduit)

MIL-C—-6136 49 H3sl= 7tadF g4
A (flexible aluminum conduit) ¥ 7FA &
= A=l Type I, Whaddadd
(bare flexible conduit)®} Type I, AILFu|E7}Q

< o8

-2-119
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AT (rubber—covered flexible conduit)®|t},
MIL-C-7931 729 HE3lsl= 73z

(flexible brass conduit)2 ©]

(flexible aluminum) tjAlo]] ARE=TH E3F MIL-
T-8191A ZHEES o|L3lo], LatAEl}auj
(plastic flexible tubing)< ©]-&3F 4=~ Ut} 7oA
N2 AR B Aolo] $H900] o 7 EE
A 25 57F Hast Fou o], FEAATE
AFEBRE o] B7HsE o) ALEHA ik
FroHzH o] AMES HEO| FHE HaRm

e AEog 719 3Hflexible tube )% Aest
lofof fﬂE} PRI dAdel & &
O

ofof s, 12|31 A E(coupling nut)9} @
(ferrule)o] A2F=|ojof gttt 3% 2-130f|4+= 7k&

[ 2—-13] Minimum bending radii for flexible aluminum or brass conduit

Nominal ID of Minimum bending
conduit (inches) radius inside (inches)

She 2y
1y 23,
g 3%,
1y 3%,
5/g 3%,
A 41/,

1 5%/,

11, 8

11, 81/,

13/, 9

2 93/,

L 21/, 10 )

ERES R PR R SE SR
ojzT

(minimum

allowable bending radii)<

2.4.5.4 X219 (Wire Shielding)

9 2-1303 o], AFA Q1 vjAdAl oA, 3
2= 24249 3|29 A ez wet F 4, Al
A, B U Aoz Ao g AuEeh AAL o
7f B 27} etolojsi Ao Q= TE 3R] 93|
FaFS vk = Qlrhal ofAE EH A Ek, Aol

A= A9 o, Axle] A Szaxje] 9
i Sers] 2ele] s 2e] Aol ek

o|g|at FAS & (crosstalk)o]e} gheh, AAlo] A
24517 9l5) A AA A Last v st
A oF o, A AT (crosstalk effect)S LL7]
= AR EEof Qlofof gttt e &4 o
S AAR EAEE, EAS IHE] e 5
o] vtz AMe Ap|sh= Aol

% 7}

(1) 297} HA](Bonding and Grounding)
7] A At Guleln B Ead
Q9 = 3 7I= HAS Ega} AHAjo|th FA

Two wires in free air may
couple capacitively,
resulting in crosstalk.

A charge on the 1st wire
induces an opposite
charge on the 2nd wire.

[23 2-130] &M
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= WA= AlE" Y A= 4

5, AR (EMI), Rz Axpuel B4
ZH(electrostatic discharge) 4+, 219 749
(shock hazard), T Y|(lighting strike) 25-E]
&A= olF 4 qinh

(2) HA(Grounding)

a1 2-1313F o, HAle AARRAY B
A 25 HsHA fAsh] St Ao A=
AF-ZE(conductive structure)o]t} T oh= A
=A% 2 (conductive return path)oll A=AE
Ag A71How Adsk= ol whef AR
719k AR 7] 9] 4l Eo) o] thE RE Y] A
o Z2HE HAAF(return current)s HS= A
o] FAdgt HAA | A=A B= A2
Z(return path)°ll 3334 (common connection)
= =t AR Aoatgo] dojdtt, 5ol
S| FEolA the FEdoE AdEy] Wi
of ZEjar fAEAI A" Hislf =2 wA7F E 5
W71 wiZell o 71 MYe Ry SHAAART
gjsfjof gk, ofef 7}
Ao AT Abolol AFo A5 24xts}7] s,
Az HE F3Y HAZE ARgE oo gttt 2agt
Al Al 7HA1S] A ES ARsliof skt
FASEA(AC return ground), ZFHEHA(DC
return ground), 12]1 Th2 HE Zl5o|t},

v} 4 A1 %(distributed power system)ollA] T =]
+ A (power source)ell gt 222k (power
A =S 3, o9& 50, 9%
I QEZo| sy, 27119] wFEH7|AFA T

|
oF 922 WRHA7|7F Y% AH|AHHequipment

(mixing return current)+

return point)<

£

off gt :H/ﬂﬁf?ﬁ: “AC Left"2fal ‘:55%1% = HA]
Ax|ofof gitt,

AAHAZ 3| Z(ground return circuit)] A=

2o thE =AM wE e FoE AlFslior o

. A3 JAH % (ground connection)o] Tt

] A (ground point)o] &

oxde 2RA0R URT YUUAE §A3)
L geolth, AAARsRE AA” A71gHe A

> ol
o

o
lo
2

T Ar
=

)
il

208

AR (EM

ﬁn
2
o mx

.

lo
toh
fu
24
F-E
¥ E

D
Z(circuit breaker panel)i}
A=ujidel Ay 7hrto] ﬁﬁ%% A = (ground
AAIA7]1 3L
pa1r)°§ HAAHRE HH
4 Ao}t A AR EA(ground return lead)
o SIS 25] Shes Sa] Felaler e )

o] A ™1 (Bare Grounding Jumper) tjAlo] &

gAa} 7o) Atwisted
AM5te] AAHo R 7ra

return)=

- 2-121



2-122 -

st27| ®7| A€ Aircraft Electrical System

AE AAEAM(insulated wire lead)?] AL o]
oA ol & & ok, Rt ow AH|ES
(equipment item)> WHA o2 HA|H o) 9
HA 2 A4 (external ground connection)2 Zt3
ofof gttt miavgEe] A HE2 A

e e 7 W] weel HAAARE AREA o

: £ LAFEsk]| o
3t A A A A4 (power ground connection)<
At G4 7F 2 AZAA (metal—to—metal
bonding attachment)Z 7| LZFEo| H2ty]
+ 7I789] A B3 (grounding bracket)ol] F-2
wojof gt} o] AAGA|L} F919 FRES W=
o Mbstel FrEel S dor|A ¢l Al

Adlo] AANF 2AARE E357]o Aget

(bracket) & T2H= © ARgE|ofo} sk} nkoF
w0 dFuE e YRt § & 1A
7= "AX8A|(CFC, carbon fiber composites)
<, AnR 29EHe 49, A9ANART
(power return current)& {13t A== FAH=
(ground path)E utglsh= 7o) Hgsict, Sdsh
o7} B AR 837] (composite aircraft)o] i
2] &jojof gitt,
7t 27 A 9 (flammable vapor area) U
oA A AT HAHL(power return ground
connection) £+ ZAHAFHAHE (fault

current ground connection)< | 3fofF gt} wh

ofF o]Z=0] whEoAof gittH, WEEA] o]59] 3
&0] S ¥ AAF(induced lightning current)
£ XPste, 2e 7 RS E B 7144
23 stoll ATE o] FA Y=, =Fo] FA &
<A, B AFER] A Felsiof gttt
719] /& A4r(expected life) HRholl ZA
A A&E e 2ASH] s dAkeE AR
gk 7)Eo] HE oo} Stk AY AR

(power return fault current)= th7l FZ2E|
A Bae 7HE w2 ARold, o] Aje AAMT
A717 785 (full generator current capacity)
A 4= Qloh, whoF AAA AT AT AR
FZE(carbon fiber structure)o] =HZ ol o<
= B0 22 Af, 7FET o] dojd 4 A
ot g2 AdFA(CFO)Y e AR A=
L g3t 2 (power return path)= ARRE
A gFotof gttt e RollA F7FAQl AYAtst
© Adxd A Hdlo] & 4= Qlrf, Wi A
Fad5 (current surge)ofl &3t HHEE SRR
(localized material) 7}g9-2 A&7 E3H(material
degradation)®] ¥2le] & &= Qlrk, & BARE
7L (o] o 4= glom HhEk= 174o] 9l
< oyt

DY o] 32 Ee Ve A 8HAEE

5/

)
)

(common ground connection)2] AFE-S 17 o]
4o 3z FFZ & 4 Sl ABEH VlsETol

HALHZ 2 gethe Ae BoAE ¢

32

© & AYsta uljoF sty Alx|of thEAE
(multiple system)2] AH4le 1 A A2 JFS THE
A ke Aol o]d 1] YL HHYPY F

o Ak T 4 9let,
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(3) ¥4 (Bonding)

Hoo th2 up o 2 HA-s| AR ok 27H
o]Are] M=A A (conducting object)2] 7]
oo}, thy 23 R dejEofof it

@ AH| 2 (Equipment Bonding)

F57l e Aduds F=Z(low—
impedance path)= YHtE o2 FLAFul4=73}
32 (radio frequency return circuit)E A28}k
7] g AR ol 183 A7 M (EMI) 9
Hag golsHA st7] flal thiit 7178 2
a3ttt AA7HAE dorle FE9 Alolx
= FEEol FA Eofok g, MR o Ak
AeS HAsH| S8, %ﬁ;ﬂé%, =93 1?41 A

@ F&2E 2 (Metallic surface Bonding)
7IA| 9] efFtof B A=At AmdA st
(conducting static charge)?} U&= 48 4= L
£ 7IAolS, AEAdel A (conductive hinge), E
= B AEdll(bond strap)2 3l 7|Aloll H7|Fe
= Ad=ofof gt} oef= 7)ol 7 =RE A
Wi Ae)E Zls e Sk QHEuealet 2
5 o= f1sl BasHA Hot, o] 52 A
A3t A 5Hstatic charge) Fi= A AF(lightning
current)}& AEsh= thAlTo] Alg-E ofof gt

rlo

(electrostatic charging)= %=, 3linch2] oA+

o] WA 3linch] o]4el dol&

Fo} oo = AvjH MR

AR S
AA

o 7l

N
=

T A
o 1r
ofi
oL
o
N

_L

O

5

) J

= e

<

A
oo 4 =

O

Ao

>
<t
)
>
2

Mo 1o %O
o
8E
N
-

N
m{m

e _IE

i

>{\1
I
9
o
e
£
=
>
pi‘
El
A
Y
E=)
LS
=
B
i=)

=4

of thsto] ofH
e =]

2
1o
o DY
o
flo
ne,
r]I:
)
|o
f
=
oBL'

B>
WoLE
b
o
oL
o
ins
Ho
Hir
rlo
N
021'
rlo

in)
i
ffo
o
Y
1o
e,
i
-y
-,
ol
oo
rid
Ko

(4) E=3} HA] #HAHTesting of Bonds and Grounds)

BE HEo HAHLe] ARE A4S uhesh]
Aol 9hEo1d Ae dstoiof gitt, EE=9F HAH
0] AT B4 0,003[012 ZTHHLE < Bk
AN/USM—21A ®+= $55, LadA 8= m+
S AR Aua 25] 9] e

(5) B9 A1 A2HBonding Jumper Installation)
T 2-132¢)F o], AW = 7Heet g A

whEol, Z17ke] 9] Aol 0.003[Q)E 23t

(212! 2-132] Bonding jumpers
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A = whAlo 2 ApabE|ojof st H T (jumper) 3t (anodizing film)¥} 22 HAEobile
= ZZEHA % (surface control) &2, 7Fs3g7| (nonconducting finish)= 2 Q& 1|9 (bonding
2AH(movable aircraft element)?] =2 Hl5|5}1 terminal) 2 HEA|7| 1A} 5= H2FEHOA A|
7] goto gt e} o]5 Afe] HAHEH ] 7sjolof g}, Eh, A7 vl TR
S| &= 2= ¢F 213 A AsHA] egotof gt
@ FAHR](Corrosion Protection)
Z(Bonding Connections) A7 AE 1t G4 Aghe] videh Aaj ¢
AAGHES 2] gof HlEet FF Q) F 7 s Rajolrh, SE Uk i Ao
Screw or bolt Washer A
Washer B T Structure 4 Terminal (limit to 4)
Lockwasher Washer C
Locknut
Aluminum Terminal and Jumper
Structure | Screw or bolt and nut plate | Locknut [ Washer A | Washer B | Washer C
Aluminum alloys Cadmium-plated Cadmium-plated Cadmium-plated None Cadmium-plated
steel steel steel or aluminum steel or aluminum
Magnesium alloys Cadmium-plated Cadmium-plated None or Cadmium-plated

Magnesium-alloy

steel steel

Cadmium-plated
steel

Cadmium-plated
steel

Cadmium-plated
steel

Cadmium-plated
steel

Corrosion-resisting
steel

Corrosion-resisting | Corrosion-resisting steel or
steel Cadmium-plated steel

Cadmium-plated
steel

Tinned Copper Terminal and Jumper

magnesium alloy

Cadmium-plated
steel

Cadmium-plated
steel

steel or aluminum

Cadmium-plated
steel or aluminum

Cadmium-plated
steel or aluminum

Cadmium-plated
steel

Cadmium-plated
steel

Cadmium-plated

Aluminum alloys steel

Magnesium alloys'

Cadmium-plated
steel

Cadmium-plated
steel

Cadmium-plated
steel

Cadmium-plated
steel
Corrosion-resisting | Corrosion-resisting steel or | Cadmium-plated
steel

Corrosion-resisting

steel cadmium-plated steel steel

Aluminum alloys?

none

none

Cadmium-plated
steel

Cadmium-plated
steel

Cadmium-plated
steel

"Avoid connecting copper to magnesium.
2Use washers with a conductive finish treated to prevent corrosion, such as AN960JD10L.

[ 2-133] Bolt and nut bonding or grounding to flat surface
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40 rlo
o
of
o,
£
o
et
O

(Corrosion Prevention)

= @
—lm
1
2
ol

31 2F8-(electrolytic action)2 A3t o2l
()

£ EJ X< (bonding connection)

o v
ol
ol
B
5
filo
oﬁ

wEA BEAALY, dEuedadH
(aluminum alloy jumper)+ tH-5 HAE Z]qt
T2 A5 (copper jumper)= Ag|QlE A7} 7tE
FEa7(cadmium—plated steel), 2], &%
= Ao AAE FEs HEete tolvt A
frjojof it} o]FF<(dissimilar metal) A}o|
o] AES 1T & gl 3 Aol et 5t
=dlo 5 FAlo] B AA dofjuhs Aoz, FA
H 7Fs/d0] Sl Ftol Aot ¥ st=glofrt
Lofof gt
@ g3 F2KBonding Jumper Attachment)
BAS W WUS AR AL oF ¥

234 s 74 e =

o}, Zh —‘erH(tubular member)= Jumper”} 5
A= ol SHEZE o]&ste] F&sljoF gt
S Yol HE3 AR FAZ Fasgi)
® HAHZ AZ(Ground Return Connection)
19 2-1333} Zo], EgAmzF A HAH
2% (ground return current)E 4k W), A
o] AR Aol Adsfof stiL, FASE T

A= 0] HebEsto] EAfslok et

2.4.6 TMHE| o2 F7(2} 07|
(Lacing and Tying Wire Bundles)

a9 2-1349F Zol, w7, F7], 18 AEH

(strap)> H], HAL 223l F2ke] goldE Al

(212! 2-134] Wire lacing

e ol

sp7] Sl Admos] Bl AdhEe 1y
o AHgETh AEQe HaNT W) =

A, E- Wik Wl 23t 2ol 9
SWAMP)7H 9l SHoli A8 4 girh, A
of Aol B FE 9ol 9

7
} 2] (mechanical linkage) ®+= o2 7}57]
= (m

ol
re

T oo o 11%
pae)

oving mechanical parts)S &AM 4=
e oto] F2l0|=5 wjAlE -85t &
HEA oA ARG 4= Qlet, 3, H[F 2EF 0]

ol ol Aol lrkar FA|et= 2 A(UV,
ultraviolet light)o] =& 4 Q& 3Lojl= ARgs}
A koo gt

2]EE7]H(single cord—lacing method)x} 17|
H|o]Z(tying tape)< 27 1[inch] o]} AAI1H
o] MEo A&t YER7IHS Al gt
B 52 o]Fa2]4] Y mj5(double—looped
overhand knot) 2.2 1A% Zrotml7](clove hitch)
olt}, 19 2-1359] Step A9} ZHo], A7 1[inch]
oA} Attt = =571 H(double cord—lacing

method)& AMESH}H 18 2-1362] Step A9} 2+

1

- 2-125
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[22! 2-136] Double cord lacing

o], FEFH7IHE AHT o, A& F(starting 2.4.6.1 "7](Tying)
knot) 2.2 FH 145 (bowline—on—a—bight)& Oy 2-1373 Zol, AME Y AA A7
o]-g-3itt, 12[inch] o} "olA = Foll WAIE E= W
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| Wrap cord twice over bundle |

| Clove hitch and square knot |

[2& 2-137] tying

EEFo](bundle tie)E AHESRITE w7 (tie)= SHliE
(square knot) 02 TAE 1 AHNIE = HE

o] & 7= o7 (clove hitch)2 -4 E Tt
2.4.7 HMEEXHWire Termination)

2.4.7.1 1%7]7](Stripping Wire)

AdE AdE, guld, 2E&To|X 5o 295}
7] Aoll, AA= Y= (bare conductor)E =%
A7) AAst= ETtollA AWk gtk 2|4l
(copper wire)> 3712} AAA o] wrel oy 71|
FHoz AAE 5 ek

dFrlEAS NG 7He2 EHo| AT Ap=o]
THEoi %l Foll= ofF= A FolA7| wizoll, ¥&
= Y4 o wj-- Fstefof gt v AHHAQ 9
Y =

A2 e SR A AAT o diisEe

1) e $79 eo]ofAEeH(wire stripper)
2 g W), Ao golojsErTe)
(cutting blade)oll 2Z}to] HE=E AL 74

gt

(2) AFz1]E7](automatic stripping tool)E 2]
AA 27sk=dl, 7ol M A=, A E
= O &S 9sh7] s AR A
A& et o] AL U4} No 10Tt
AR S Aol L Sasieh AR AR A
A1) Aol et Sl A A B B
2 MG B8 ol e He S
Zrepfar gkoF o) 7h Stk thA] Hi7]1A
[ o et AT 1 g

(3) AAA7L AU EFGHTT 7P §lo]
Z 53R gRRlgttt, e stH 7ot th=t,

4) e AAA= AA FHezRE AAE]of
ot AR AR TR =AQF 13} A A
Atolof] FrgRt AAA7F S, vheF o] A
o] = A5, AAAE AATIT

(5) 3/4[inch] o]/ A¥A 9] Hol5 A|AsL
95 A=—=eto]o] AEE ¥ (hand—plier
Stripper)& AM28H= A9, 2H o]} zzbo

2 o]F= Zlo] ¢ 4t

- 2-127



2-128 -

3

mmmm 5157| M7| AIS Aircraft Electrical System

9 2-1389 4= A= Egtojoj AE T
(handheld wire stripper)& XojZ&t} o] I o
o2 g REY TR AAe W7l Hl AMEE
o o
2 AA9 HAAE BV HAE

Jul A WEAE

— ———

1 (hand stripper)
g3t

(1) W71 22} st AA A7 (wire size)oll A At
S (cutting slot)9] Aga] Fol etoloj& A4t
o 7} 5% A =2717F FAIE ] it
0] @] 7HA 2 ke e i,
o]o] & (wire holder)”} 71H$A] (open
position) & E&Eo} 724+ 4= S
e

R

4) ‘3174% S wipde,

ool M
= N

jinss
ot

) 2
3)

i|94 £

A==,

[212! 2-138] Wire strippers

e

¥

[212! 2-139] Ring—tongue terminals

I% 2-139%F o], dA= o
= Ao ERelA A4

Adfl (terminal
Ao A4S 4
ot 4 =g A9 Btk FAE, Wire—to—
terminal Joint®] I EE Hojw= HA 2HA| 9]
WA=} FoloF shar, Z1ejal 1 AA|o] A%
AR A At v FAE 4 &
g ofof gt}

AR (wire terminal)S A4 w 3ok
o e o2 A
Ao A7)(FAT AAA A7), =A
Azo] A, 588, W o F

strip)

)

=
A5,

Pre—insulated Crimp—type Ring—tongue
Terminal®] AZ =t Ze, 27|, 183l AEE
(stud)®] A ALt ¥tz (binding post), Syt
ofye} AMA7]= o= 7t 319 |50 FAlE=
E]-X]-_J =2 4% ?‘i:_]— IIH Eﬂfﬂ‘ 2 011:]. e X—]_Q.oﬂ
= 7]
EOﬂ ﬁﬂe-r T&% 2 Tl ghiETh Aok gt
YA T FE 1Y (nickel-plated terminal)®} 112
HAEEE o]8dh= H-AE MY (uninsulated
terminal)©] AR8-& I1Esfjof gtk ThAbEe A
gk A714 ol 3t Em AR BIES ol MR
= Atololl Agjd(insulation strip)e} T Al5=
ofof gitt,

2.4.7.2 A (Terminal Strips)

18] 2-1403} Zo], AML BE thxTe] A
Slef, weom AR B H Ao
S} (terminal) 7} A2 H&E WAISH] el AF
23k 4~ 9t} ABHEL JHEZR SrE TA L
ofof qttt, 47) o] ©AE A ddstaA &

O
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[322! 2-140] Terminal strip

T4H & (metal bus)e 271 o139 <
HE% 7t2 A8 AREE R Fof st nE
vu 2EE0] SJsiAl7 obleh
H]—Q(ﬂo]: ‘5]—1:]— 7:1?51—0] A= é]:ﬂ
=8 o 242 a7]9) et AHER wAE 4
HEt shesl] zold Ausy] o], SU%
a7\9} Qo] AEER mAStelof gk mA) 2
ElEt gAjtol] QhasiA 44X sojof sha g
22 glojof
gt BT Wolxl FEARAVL U EE &
E=o A4 Bejd 4 gl YAlom Hxsofof
gt wlee) Bz S EE AFET ReRs

oo i

2,
0 r_u
rlr

-[o

-

i

FA E (terminal securing nut)«=

_l

connection), Tl Z o]
A2} 2] 2(grease) 54 5ol His)
ot olE A4S e As =
To] Yelo] & 4= ql,

(L eN)
~

>

)

2

(0]

®

ok

Bl

2.4.7.3 0|9 # 1 (Terminal Lugs)
AM EHuldd e ARt AHE B
F=Eat=

ZH]E |
E(equipment terminal stud)ol #jA-S <A
Asl= ] ARE 47 oo Hulde| L, B 3
W] Bulde 1o BALS she] A Eof A
= glth, 28 E g Hude1Y T4
9} =5k 35 Al (common bus bar)& E3+
otk 4709 Emd e el SRS Shte] AF
ToflA B8R S=th. Hulde| e SEEY 4
A dA|sh= AHE A Ao w AEsfjoR g
o}, ey A4 o] o] 7EX|Ql Eude it AEE
of 2= A, M & AHE wabdol 1Y
I B7)of 74 2R A7 v sljof gkt ©hAb
%14 (terminal connection)©] Lﬂ” I zo|A Eul
dejiy AHES HPAZIA] S5 it Ei“]ﬁ
2= Hujde o] FRee R ¢ OH A4
(fastening screw)2t UEES AAAAF st E1
U 55 flel Hnjde o) SAde] 7= 3

QFHA] 2 A3t Gao] 9JR|sof g,

10 1T

g4 24 28]

(1) F2]-d AR Copper Wire Terminals)
a9 2-1413 o], vjwyd rEH (crimp—

Manufacturer’s

Insulation grip Barrel mark Tongue

2}
iy
N\
o~

Wire insulation Stripped wire | Range of wire sizes

Color-coded insulation

[ 2-141] Wire terminal
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style), #2841, Eujdg 1% MIL-T-79289]4
gold AS /\}Q-ém] Hot, Ago]A (spacer) T

(2) YFu]EAAEA(Aluminum Wire Terminals)

Ad2nE Huldyas o g2u)EAnk oS!
o}, AolZsle W ¢FulE EnE2| L9 Tongue
¥= g4FuE Hulde 19 Tongued| F4+= H
I AE = (terminal stud)ollA] $2E A0S o 274
o] BokA(flat washer) Ato]o AFiE|ofoF Jiet,
Ag|o]A = A= Huld e 19 Tonguel At
olof AREEA| ¢otof B}, SR Fol= F=4]
oz Ao Ao qsto] HolA =gt A
A7stel uAFor Zefu = Aol HIsk=
5 dFuEA Aols AaloA AAE ook gt

o ol Aol o weh op el e 4a
I BA-s A (torsion, HIEE= §), & HEY]

Torquing(B18A17]= &), L2jar FA-8e S
Z (terminal contact area)o|t},

(3) AAAAZT o] A(Pre—insulated Splices)

a7 2-1429F Zo], AAAE I 29} AF
ghol e LFAWRSFE ARRSE] A2Fsfof
gieh, ofd e AT o At Aol
(positioners)2f 9| Alg=iL 242ke] HAd=7]o]
el 2QHE Y, gE= ol (erimp depth)= 2129
AR =710 AghsfioF ghet, whef e v Zlo) 7t
Aok, e 7S BeaeAu Aol g
qkoF QFzto] Fs] 24| Ak, WAl B

14 o] 8xE Awg upg zolz| ok
Ioh 2 xo|A] o2 &M erimp)S @ 12hER
Aol M Abo] o) FAls doA 1At FIFE

i

rﬁ%ﬁgl_\z

[212! 2-143] Crimping tools

A gkt

(4) 2Hg—HCrimping Tools)

13 2-14331} 2o, ~F-t(hand tool), Foh-&%
“Hportable tool), 7183l A A EF(stationary
power tool)= EHu|gde#]1E e aztxal7] 93
AFgat 2 Qi T Ao vl (barrel)
< eagteea, a2 FA A A(wire
insulation)o] A% A (insulation support)S &
A5t}

]E_.‘ﬂ_
= ©o

2.4.1.4 715 2&=o|A £
(Emergency Splicing Repairs)
ToR A ozH] AZefo|AE ARRSIALY
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TongueZ} WojA Uzt kol Hud1E AR5}

A ol /e BA deln dggoss

2.4.7.5 A& A8k Junction Boxes)

1F 2-1449F o], H&uj ek Auof F2kE
At spysz moy| 4], 12jal Zuls]
2o ARGET, MRS TR Ho]ef thol e
T 22 ARt A48 4F HesHA 1ks7] el
ARGEITE, AL 2R Aol A AN E= &R &
E|qlej a7k o = A 2tE|ojof 75}"/}

WA AT o] A
& WM BlEd AR, B 7]ﬁ‘°ﬂ s
g XHE'E ARGk =7 slof 3}‘3} ‘*%ﬂ

il ]
ﬁ
=)
c
3
N
N

V\h—t"?ﬂ SHA
x| ofof 7itt,
He Ao A A
<& o =5 iR stofof BT, A o F57t
(marginal clearance)©] A3 oA, AR
2= EAH(current carrying part)?} HAH

(grounded surface) Atoje]l A =lojoF gict, W

power equipment)2] Ao]A= A
€1 90 airaga
AEu|Aee AH], T},

(212! 2-144] Junction boxes

To}(door) EE AH
(cover)7} &3l $1x]9) & wf E7Fs317] wi&ol,
A& Aete] Av B Lojof FH|E HAA|e= A

2L AN ) 47

Ao 4 Q= ‘jo“lolﬂi 52}%’—7] TREo| Tt
Az g]ofof gttt 7hsst - F7 Z(open side)
= o EYFORE T of Be HES 2 E
ol FEAEA7E TR} Atolef| 7]o{EA &)t
L o83 W& AT HolLt Wolx A et
BlAESH w2, gFaljof gttt

HamAIThe A A 303 2l of
3t BaAs ueste] Ax|Hofof gty ATk
& 7lojto] T TH ek BX) S, w2 4
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0

-2 WAoHA] s, T 14 = 2 (label)
So) PRA YRS M2 Yo ROz B

T ol L7l (entrance
29 k= b2 FH3

ek AFg3tel YA Wo tsle] M Eofof e,

o
o]
@
B
=
W
2
B
&
o
il
rlo
I

2.4.7.6 AN/MS #49E (AN/MS Connectors)

AY, & E92¢ AEEE 22 A G

&4 ek of2] 799 AdEIE it 42t

Y E (contact) & AMEs= AYE 182 Ayt

Fa7loll AR, G o ekl 7%

A3 7l =3 (round cannon type), AT, 1
3

HEEZ(module block)o|t}, Wt A7)

L

>

N
o

ull

off

i
[
of

oflt

=

(environmentally—resistant connector)=
A, AE, &, 7144 4, B FAEA 4
ofol] ARg-Eofof g},

HIRF(high intensity radiated fields)/3 &
(lightning protection)”} @72 |, E¥s Fo)7}
W] Tz AR 2| 9] ko] FofA{of jit,

7% 2-1459 ol WjAIA ] Aot Btk

Mr ot @ M rlo

[22! 2-145] Electrical connectors

ofof B}, ofwl B4 7 U152 (connector
assembly)Q] A2 A| AZAFL] WAA Ei= Fg
Pel7|e) 128 ok s},

(1) ANE 9] §4(Type of Connector)

719 el MIL Specification(MS) = OEM
SpecificationoA] TAYH 1-GAHEHH S (original
identification number)o] &J3|| Q1A E|ojof T},
13 2—-1469)A+= MS Style AdlE]of T3t AHE
Als2ret,

Y& A AU E (environmentally—resistant

connector)= LE°] 54, XE, 4, 7144 F
= 5

[e]
AEES BT 5 90 ] eBEYS o) BA
° QY77 B 1Y glol IIL o T 5 9

01
of gt} W AHUE (hermetic connector)= o
% (pressurized area)& FA5t7] s ¢
Seal A2kettt, AA7|7H (EMI)/ A4
(RFI, radio frequency interference) H&7} &
TFEE o, S FY7F AN B HFO A}
#7} gkl FFojxjok ghrt, W4lo]HE (backshell
adapter)~= A}¥|Z&tt(shield termination), %4
2] (conductive finish)E 7HA= A EE 93]

A, A2717H (EMD) H A A% (grounding
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MS27480

MIL SPECIFICATION ;I_
CLASS
SHELL SIZE

MS27472 Wall mount receptacle

MS27473 Straight plug

MS27474 Jam nut receptacle

MS27475 Hermetic wall mount receptacle
MS27476 Hermetic box mount receptacle
MS27477 Hermetic jam nut receptacle
MS27478 Hermetic solder mount receptacle
MS27479 Wall mount receptacle (note 1)
MS27480 Straight plug(note 1)

MS27481 Jam nut receptacle (note 1)
MS27482 Hermetic wall mount receptacle (note 1)
MS27483 Hermetic jam nut receptacle (note 1)

P B

| T‘ POLARIZATION
CONTACT STYLE
INSERT ARRANGEMENT
FINISH

MS27484 Straight plug, EMI grounding

MS27497 Wall receptacle, back panel mounting

MS27499 Box mounting receptacle

MS27500 90° Plug (note 1)

MS27503 Hermetic solder mount receptacle (note 1)

MS27504 Box mount receptacle (note 1)

MS27508 Box mount receptacle, back panel mounting

MS27513 Box mount receptacle, long grommet

MS27664 Wall mount receptacle, back panel mounting
(note 1)

MS27667 Thru-bulkhead receptacle

NOTE

1. Active Supersedes
MS27472 MS27479
MS27473 MS27480
MS27474 MS27481
MS27475 MS27482
MS27477 MS27483
MS27473 with MS27507 elbow | MS27500
MS27478 MS27503
MS27499 MS27504
MS27497 MS27664

CLASS

E Environment-resisting box and thru-bulkhead mounting
types only (see class T)

P Potting—includes potting form and short rear grommet

T Environment-resisting wall and jam-nut mounting
receptacle and plug types: thread and teeth for
accessory attachment

Y Hermetically sealed

FINISH

A Silver to light iridescent yellow color cadmium plate
over nickel (conductive) —65 °C to +150 °C (inactive for
new design)

B Olive drab cadmium plate over suitable underplate
(conductive), —65 °C to 175 °C

C Anodic (nonconductive), —65 °C to + 175 °C

D Fused tin, carbon steel(conductive), —65 °C to +150 °C

E Corrosion resistant steel (cres), passivated
(conductive), —65 °C to +200 °C

F Electroless nickel coating (conductive), —65 °C to
+200 °C

N Hermetic seal or environment resisting cres
(conductive plating), —65 °C to +200 °C

CONTACT STYLE

A Without pin contacts

B Without socket contacts

C Feed through

P Pin contact—including hermetics with solder cups

S Socket contacts—including hermetics with solder cups
X Pin contacts with eyelet (hermetic)

Z Socket contacts with eyelet (hermetic)

POLARIZATION
A, B Normal—no letter required
C,orD

[ 2-146] MS connector information sheet
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finger)2 ofd =22 913 AH&E 4= Sl
a9 2-1473 o], A A E (rectangular

connector)= YHFA O & o} ko =0l g

7h GgE ZE } (single mated pair)® 483}
= 2o A&st7] flsl ARET o5 72
(standard type), 5= (coaxial type), 122l Hf
@ =¥ (power type)d] TS 23T 4 =,
o9 cheket AYES o]8d 4 Qe Aot d

ofe] 7px]|9] 4ethof ofsff o] Fof
ek, o 22§32 ol59 HF(flange)oll &
A Folre AR 51}45]‘:} o 2 2 st
A& B 5
guide pin), F= AYEE FHA7]= 28 ofY
g} &1+= Jackscrews ZFal Qlth Rack¥t afjd#
Y Ef(panel connector)= YAE Y3t YAHFHA
(integral pin) T AHFE2FA T (rack—mounted
pin) 183 AZ7]E ¥3% Box Mounting
Hardwares o]-&3lt},

HEES(module block)> AYHA o]&}

A QPR HEES wobSoll H4ujAl

ZA7](coupling)=

[ 2-147] Rectangular connectors

o] §3ojt}, AR oy 7129 F2A A (circuit
arrangement)S #2817 3| Internal Busing
= ARERITE o]&2 B9 Aol HiH (power
distribution) F= A3 EHl(signal distribution)
£ 9ol ddE= oA F&5t
(grounding module)® A% wf, o
710l st=go] A2kE HoFshal &2l

7|25 E(standard module)S 374 2 &

HA &

(environmental application)< ¢35 Wire End
Grommet Seals ©]-&& = = AolaL H=F2}
Al(track—mounted)®|t}. 7|52 EEZ(function
module block)& 2R #]8}7] tho] 2 & Filter,
1231 A 3] 2 (suppression network)2] W&k
A4 2] (environment—resistant mounting)=
el A AZA T n](wired package)E A3
ol d AREETH YTt
junction)2 w2 Thx] H sjo] HAlo] FAAA

P 12al AAS E2AE 590] 8= NS
o AYE ] il AREETh dE A (in-line
J

=
terminal junction)& W& A (environment—

Z<(in—line terminal

resistant)©]th. Terminal Junction Splicex= 22
Aolal FEAAPAHEIAN(OEM, original equipment
manufacturer) 22 ©17}%9)S uf AAxchdo] &

Hofl Fele

(2) Azt %
AeE AdE = 97|22 J=Hd 77}
(circuit current load)?] Zt)ZFH(maximum
combination) sfe] A& el SHS viA
of st} WH g AU E (hermetic connector)Q} 1L
EU A F(high—inrush current)E U= 32

A5 A2 (Voltage and Current Rating)
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28 (circuit application)o] AFEE AHUE= A
=95 WFofof gk o] AYE = HAHAHAA
(maX1mum rated current load)o|A] ©]7 2
E 3 giE B= BT AEdhe 19 A
sk A

HlA)5F 284 Al9Y(engineering Practices)

olr
1o :lru m

=

|81 A1$ (preliminary testing)<

Mo > AL o
o _IE

o

. HjAlo] AL % (rated temperature)o] 7

fo 12

)

AEAL E(high conductor temperature)
= o, A HYE A7|= =R
47/o] Flojof o
A ARA719) S71HE BRE oA €t A
AEl7} sloit
9 (non—pressurized area)ol|A Iilx(high—
altitude) & AFE-E o QL= ch

0

HU

g5kl
3Hcircuit load)oﬂ 3l AgtelA %
o}, o]A

UA A (voltage de—rating)=

—

3) o] AHE
F i ko] HYE =Rsh] sl of& A
Ev U AlsEek AU vpEE FEs

o] AZAEA] &2 A E (unwired contact)
JA] 2] Hs &olsHA gt
2571 olste] HEYE
7He] ofm|E 26~100AHEE 7HA|1 Q&= 7
Ylg oAl = 4719 ofjH|F3E, 1007H E

(Spare Contacts for Future Wiring)

N

)

b3

it
(o]
Wi
Y
rlr
jm

yaKel
'1:

Ll
N
X
Y
=
x0,
rr
Y
1=
i)
2
X
DO

To 5
1
R
o 1@

ﬂ?ai%l AYE E
Bl E (Wired Contact
¥+= Unwired Contact)2 YA 2= AR 715
5 (cavities)& Zt5olof gt HAl

o] 9Ax 7\] ko AMEL ZolAEl 2 (plastic

1o -

grommet) 238 Z¢|1(sealing plug)”7} FA| =

ofof ghtt,

(4) A4EE 53 v
(Wire Installation into the Connector)

t}E2 A% (redundant system)olA] SL3st 7|5
= o¥ske AAE E2E AYEE Ff sl = o
of itk Bkl FoHgt Al2FIQl B, AlTE
LA (system operation wiring)2 AEZ237A R
(system failure warning)S ¢l AFE-% HjA o
e E2E AYEE Soff vjAdEofof gk, E3E
oA 9] AstA K 3|2 (failure warning circuit)=
A3l 7hseE WA 22l AYE ol Al2719]
AlEjA (indication wiring)2 WjAlsH= Ao| vl3]
sttt olget WS Foll AdE 29 Atz o

oLk g3719) Aol WARS 2Y 4= et

HU

(5) el 719 ¥ (adjacent Locations)
a9 2-1483 o], A A3 AYEHY At
(mating)o] 7FsskA] FEF sfjof ghrh o] A

[Z12! 2-148] Connector arrangement toavoid wrong connection
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3435 517] %’4611, AYG
=
l

4 ws] el Ame gre

(6) Z-5(Sealing)

A= A7 285 %e W dEE =9
9] (seal)¥} AW (interfacial, F% Atolof 71)
Aol AMS Fll 5718 X E0leA ste 3
ofof gttt AYE 9 HiFE ol %012— 5
+ AYE Y T2l (rear grommet) U5

AR 0] vz A Fofl HestA
=0 "o gt} o] A ©A] shte] x4l of
H A2 (crimp style) ZHENA FHA7]= A

Hagtt, AAAHE e 597] Slall S
Z(heat—shrinkable tubing)E AFE-S}IAL ZHF
a2vog SHASH (rear compatibility)2 Hf
ks 59 F7H4Q o2 MR (wire

entry area)o] 219-719] -go] YnH}, o5 3

_

9

+
=

7
o

(sealing range) &

nJlo

3lth Unwired Spare Contact:= #&35|
U B X g ZeAEE e d(plastic plug)E 2H5

ofof e,

(7) B§=(Drainage)
AYE = 2% A] ok o AYEQ Qo] ofy

Hog 7ot FEAE ¢ L’SVH il =5h= WA
2 A ofof 6“4 HjAdS W 2
57178 AdlEol|A e sjEE s v = o]of gt
th. #4YE7} Shelf E= Floors &2 WA H,
Z2LA| (vertical position)® Az|Eojof TF wj, A
UE = 2ESE] 918 ol T WK (potted) B4
= HgEfojof g, o] Atoll, FtEA] =
2700 9 oS W2 ol &ZHSFo 7 dFsl= T

o= © L
W 2E 20 7o) o 24,

o K

(8) AAA]A|(Wire Support)

I% 2-1498F Zol, o] HA A2 MH(rear
accessory backshell)2 o YRR &F-& 7 Ul o
ARG E]ojof R}, ofF 2RE H7]9) Al ZRA| AL
U=, B 22 AHEse sk,
Aol 2 AdE = HPLGA LA (strain—
relief—type) 4l (backshell)©] Az =] ofof st}
AATPEE S9zo) o] 14 H= At TR

BE AREoo] 7|AA SRS E HTEofof o

e s

[Z12! 2-149] Backshells with strain relief
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o}, YolZl(potted) AYE Ei&= F2H 9 ofd
El(adapter)E 2L Sl AYEHE

2] S H YR A} 2] FL 43 (separate strain relief
o}, Wz A=Y
I (strain relief clamp)s= S} B E Alo|9]
AR e ol ¢k Hrk

At SYHREIE SH] 98 AdlE T2
St Aozt o 3?‘:'1 AdlE o} AHES] 2%
o] glojof gttt

accessory)< A or-
A

ZRikls

2.4.7.7 T 0] & (Coaxial Cable)

e A SgoRRE HaEojof & Havt
itk a8y E2A 0|8 = 32A 0| E(triaxial
cable)& ojH Fejo] £A o E3] owao] ot 71

& 2-1503 o], AAl= sEA 0l FlustA
L F=9lolA Adshs Eet FsloF z?_h:}. =7

olF &4 Y TshA A =SS W, B= o
A AdEY Ee AYE ZHoA GASHA 7
HAS o AT 5 ek S B 5SS

A
o=
FHoIM B fle AR =5 2L - 3

[212! 2-150] Coaxial cables

>

o FEAl0lES AFolA 4] ofd 24 gl
|

ol AzsiA A = ik, WA= A (solid
center conductor)2 Ho| Q&= sEA0] &2 A
E|A] Qrofof sty 19 2-1513}f o], EESFEH

Ao]E(standard center coaxial cable)S ThHAlZ=
ZZA 0] E(solid center coaxial cable)ol] T3t 2]
A QA== AHEE 5= QT

A 018 AL oS oS

@ F5A0lES ddl2 HIEA gt

@ FFAolEl =0 ol = A] otof g},
® sFA01ES B4R Hotof gttt

@ FFA°lES g4 R A Dotof g},
® - &4 (allowable bend radius)®

oo o @ BEACIRE MeR WEA
et

® ML ALska FEAClES §714 Holop
3,

@ EFelE A3l ARgsAY, E=AlolEel 71
EE sEA0lE B oW vE A4S

47 olof aie}.

2.4.8 MM HAKWire Inspection)

O
s e g o s, 9 8, 94

speko] Aeo] dis) AAS AART A4, A
o], A4S SR A EES B ool 4]

Al S7VIA A=A ERlst7] 915

7| o{oF gt
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oo

Flange mount receptacle

i

Straight receptacle

w

BNC series connectors

Plug

Straight receptacle Flange mount receptacle

Plug

N %

TNC series connectors

Straight receptacle Flange mount receptacle

N

N series connectors

Plug

Straight receptacle Flange mount receptacle

NS

C series connectors

[212] 2-151] Coaxial cable connectors
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25 M7 HE BE
(Electrical System Components)

2.5.1 A2|x|(Switches)

% 9-1529}F o], AYAL I2E e}

R

H&ste AAolt, ol o ==
o8 o]fofRt, IRA HF= FFo| AL
= &(closed) W 32t &7 F (momentary
contact)S 7HA I gl AYA= Ax Ao R F]|Z

29027 Fosle o Wi
}2] 2] (normal position) = &

of 2ol o] %
%OH}E}, %148 A (continuous contact)= 7HA|
= 293 AHsE w21 Yol Hokgle), &
FeolA AALsR daee =eola 9
F2ko 2 w8k 4= Qlth 2%h(two—position) On/
Off 29]%]+= On Positiono] EZ(toggle)?] &
WgoR Ei o n SXo|RR A Hol
of 3t} A A7} AEAA] B T} e J1E
f?)"%ﬂTHE Ao o, 22 k= 25t 5

2 gHclo} Gt 29119 BFG

B L e
A
o

;:O
_|>J rl

il
2

i)
o
}.11

Am
e
[0
i
=
i

A 293 29172 24H50] 91
o 5 Qs BE IR AREEofof Bt} o]2gt &
A= ARt F2E 7 A4 FolA R
a1, Ak, kek7] o SRt 559 (contact
snap action)?] A4
+ W7l oAl YA HE AT E M= sfo] 2}
o= Ex(toggle) B ZH A (plunger)d] &=

o TAYo] WA A4 At B4 @7] 9

St
-
= 11
= 15

Q
Q)
3
)
e
-+
=
filo
>1¥
rr
;&
i)
el
i
oFo

H(initial current)=

s MejEnt HEH Y7 29179 Yool

E(switch housing)e] &3]

%
U ol BAE B USE YA S4ATY

A the $39 Bz Yt 050 B AFA
wofof g},

(1) 193] 2 (High Rush—in Circuit)
TR R ASAFEY 158 ¢ 2

Zolgd 4 9t

P

7|

)

_l:“.é
ofr

é“.:

N

(incandescent lamp)& Hil ot A=
(burning) £ &7 (welding)& 2927} %
o dojutA Hrt,

o
=
o)

e

FIEn|
l
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[& 2-14] Derating table for switches

N?lr(r)‘lltgagles(y[?(t:e)m Type of load Derating factor
28V Lamp 8
28V Inductive 4
28V Resistive 2
28V Motor 3
12V Lamp 5
12v Inductive 2
12V Resistive 1
| 12V Motor 2 )

(2) S-=A 3] Z(Inductive Circuit)
A o]~ 91 #] (control switch)7} 71 o &>
o|lExY E+= Holof FHHH Ar|UA|7t W&

o] A= vebdch

(3) A=7](Motors)

B 2-149AE ALESHZ(continuous load

current)7} 4R Ao 3 29X 2 (switch

2.5.1.1 2912 9] 5 (Type of Switches)

(1) Y= (Single—pole Single—throw(SPST))
@3 & (single circuit)S 7NHata HEA7]
o}, ZHpole) &5E F Q= =32 (separate

circuit)?] 2 Jelf a1, 121 AR (throw)=
574 Z(current path)2] & VRt

2) =%

(Double—pole Single—throw(DPST))
3Lt Lever2A] 2709] 328 OnT} Off2 A3t
Qh},
Q) E=4%

(Single—pole Double—throw(SPDT))
209 AR F ol HOor JRHFE Ky, &
AA = FZ $JAJof|A ONoltt, ol& 50, 2%
+ & Ao §l= A5 (red lamp)S AL T
& & A oA = M5 (green lamp) At
(4) =45

(Double—pole Double—throw(DPDT))
Aol 2719 T3l e E WEAXI,
5) BEA %] (Double—throw Switch)
27N Tz 3719 YA E 2L Qdek
o9~ A (Two Position Switch)
= (pole) G4 270] A& (throw) 5 gF 3ol &
A=}t A9 A9 A (three—position switch)=
¥E AE(throw)Z2HE F(pole)o] &S &+
%% OFF Positions 21l Qltt,
(7) ~A=Zg A=A AQ%](Spring—loaded Switch)

T M fFRLR ol8d = Sled. 1) AE

—

H(NO, normally open)i} 2)

normally closed)o]th, AAEH(NO) 292
A& BEA0A H&ol AL 297}
AFENE W FEH, 2992= 2930l 7hsf
2 o] A EH S W AYAA R HFoRe
JIET(NC) 29979 &2 B A A
SEAL 29A7F AFE S o AT, 2907
= 29120l 7FsiRl Fo] A= e wf AdIAl
wZoktt,

e (NC,

X

tu
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[112! 2-153] Toggle and rocker switches

2.5.1.2 EZ2A¢ 2A2H
(Toggle and Rocker Switches)

18 2-15331 Zro], EZA YA (toggle switch)
9} ZA ALY A (rocker switch)w= tH-E &7] 9
A7 5 ES Alofgttt, Absstd 234 = ZHA
U= e FF A7IHEES Alofstr| sl F4

HE(push button)& AFEFHCE

ool

2.5.1.3 3] A2 %] (Rotary Switches)

B AANA] (rotary switch)= *=H(knob) T+
AFEZE (shaft) & 3JHAIA 2HEE L Hg FAAof
TH(radio control panel)oA] 2Fldk 4~ it} 3

A9 9749) ol4o] 3|25 Aojsh | 24
=k,

2.5.1,4 AE(vto]22) A 7]
(Precision(Micro) Switches)

ko] A2 A Q)X (micro switch)= oFF A2 ¢
Ok AESt oldt f3 Y AR AxY
24| (spring—loaded) °|w, Fejo] A7 =,
&2 AR R HEzott, o] F39 2914
L AgA o2 dIHE(Single—pole Double—
throw(SPDT)) T+ A== (Double—pole
Double—throw(DPDT))] i1, A| 7}4]2] =& 7}
A2 Ql=tl, A4EENO), BAEANC), 19
i FFolnh, molAR AR = AR, F9,
2xAY S Zo] YA E "HASIAY B 7

(moving part)?] 4E-2%2 Agtslr] Ysj A

[112! 2-154] A micro switch

2.5.2 22f|0|2} £ 0|=(TIXIA A 2|X])
(Relays and Solenoid(Electromagnetic
Switches))

diol= A2 ARE o]83dto] 2 M7 55

= A7) flsf ARg-Erh, A2 2] 78] 2 (low—
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glolE 2-sA1717] S8l AF
|EI F A7AFY Z5Z A ColEe A
719 o2 A71%429) Ond} OffE Agstr] 9
6H a9y R RE deo]lE Busly] $jal A
C = 7FsEH(moving core)2 2+

Eé‘i’ﬂ 1¢] 5% Fejolrt, delolof =
AR} A H (electromagnet core)S LG & o] it
&|ieo|E= A9 71A|4] o] o]E| (mechanical
actuator) A3 AREE AT
S Agtslr| YT AFRELH ol @2 A
& Askslr| Sl AMEET

power DC circuit)s= &

1
2 9
KA

-8 (large current)

2.5.2.1 £ 0] = (Solenoids)

19 2-155¢9F o], &Yool FAAG
A 71 A o] (electrical
control)7} ©&3hE U= ol 7 FA
(switching device)2 AFEEITh oA =93t A
AP AL 7 & o] =EH 544 (solenoid
contact rating)el] &% 4 Ut &F o=
£ HE 7 B 2 vEoA 7Hs E 4l (movable
core)/A7|1AE ZaL qlow, YL M7 9]

of Z+AA <t} A&7 electromagnetic tube)

4 e

[22! 2-155] Solenoid

3} HIAE 2 Y Eeleo| =t B %)

Hppz o @ exloltt.

2.5.2.2 @ o] (Relays)
2% 2-1563 2o, Pelolol A Fa &

5o 7| - 7]A 3 (electro—mechanical type)d}t
A8 (solid—state type)oltt. 7| - 7]AHd o]
(electro—mechanical relay)= FZo] = 114
A (fixed core)@} 7FETHmoving plate)S 2rl
Qlar, vhHo 1A Hd o](solid—state relay)= E
AL 9} FAFSHA AbEst 7hshe 28l QLA
}‘3} A7) - 714 ele] YL 3 == A

F= g (ever)E BoAFAH 2R HZ(switch

= A7 Treoldt, 1Y
deo]7} 270 29 A 9]A]
2531 917 wf o] AdsAY
A o5 BEENA
(double—throw switch)o|th. ZHFA}7|(residual
Aol HE5E ZRAt

& (closed) Ex= MY 4

contact)& BHLO]F=

A (coil current)=
(switch position)=
T At 4 i,

magnetism)+= HH3H

7o) 2e ofol ol

[a2! 2-156] Relay
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gof MF=A ghrh, ol A7 A 290
(electrically operated switch) ©]1l o]¢ 0|2
AAZEHUZA(low system voltage condition)
stoll Al Dropout(AHdA|9] 23t o= Aty
Aol & 4= it o)z skt =7 A W
A 22 RE EsHA AelEo] £ ¥ =
of Mgk & ek A& =0, AXS 2 FuiE
3 Z(DC battery circuit)= 110[V] 34 F3 2
(three—phase AC circuit)= A5} s 2
ol AHET 4 °“3} 2709] 3= Atole] Heo] 9]
ol A7HHE =, AAF= A4 74
Q1 Fzoltt,
2.5.3 MFHISHEZ|(Current Limiting Devices)
EA= AL A (electrical power source bus)
of 7HA 1A E F 27| B FEE HTE o
of gt YA o= 517]”?]94 AxAR BElE
A o AMgEojof St 7= T ARAHT|E
BARI, S=AR7| U 2 AV A7) S
517] ol 2l=E Zfsfiof ghet, o & flsf EaA
2]9] A7F-HFEA (time current characteristic)
< WA 2AHG ool fiA|sfjof qit}, SmE
37154 (circuit protector characteristic) 12
E AuE 2 &8st| igtelnh & 2-15%
=9 X5 HS5l= 32AH|E AAS=
o] Lt 972kt At
ks 37] } A %Xfﬂ Aol A 4 ol
]

2AH o 2t A gL EA BAS 95 £49
ot

[# 2-15] Derating table for switches

Wire AN Circuit breaker Fuse amperage
gauge copper amperage

22 5)

20 7.5

18 10 10

16 15 10

14 20 15

12 30 20

10 40 30

8 50 50

6 80 70

4 100 70

2 125 100

1 150
| 0 150
#o|H RolZ RuLh kS o £ HH9 32

7o) o3 B Er,

2.5.3.1 FZ(Fuses)

% 2-1573 o], F2E AU 1
i RE ARe 25 Sl ZeEfok et
2]9la] E= FetaE Qo) o Wolxl a4
E(strip)2 o]Folxt}, 54 AEYLS A8
(low melting point)g Zha Q) WE 4,

< 7EE wEodlt, ARt 29 5= =
g, 345 AEHS T -rJX]—Ti oI}, o] 4¥

2, 2oA A7 552 FARH.

% g 1R
ol JQ rir OIl-l‘
H o > do o

u

R

(a8 2-157] =
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F2ole F 7HA] 717 f30] S, A%
(fast acting)¥} A ¥1& (slow blow)o|t}, 4143

U BAYA] 2598 9 42 w2 7H

2.5.3.2 3]22+7](Circuit Breakers)

9 2-1583% o], =AY = s e
gES|2 2 Qs £AMO R HE AY|FEE BEs)
71 f18h ’Hﬁﬂﬂ“—oﬂq X}Eﬂ—‘li gk A7]A

8 T 2R o] &= Hﬂ 2% X1]"1(0perating
control)9] $1xJof A §lo]

S FpgA Ak Btk oleld SlEAY|E “Eyx
2| (Trip Free)’gtiik 3t} AEEA3 22}ty
(automatic reset circuit breaker)= AARE 2z
Aoz A7lsdt. ol FF7ldA JrET
FAZ AREE oA = ¢ "ot 2R 7 EY
(trip) = %& o, A718]== = oo star A

& JZAA77F A7)E817] Aof| Al A= ojof jitt,
2 Sj=2p7)7F gt ol glo] EYET,
sEapd7]= g W A7) o= ok whef 3l=A)
S717F thAl EREE, |2algo] EAfsks Alofal

[22] 2-158] Circuit breaker panel

2dAe AT A7lEsh7] A 2= 24
£ siZsliof g,

AR AE Fe7] A "AEIZR T A
(digital circuit protection architecture)S ARE-SF
. o] o= E T3l Al o] 3=
7} 27 (maximum amperage)oll == 9]
= W Ado] FZojAf HolA thA] v E T, o] A
282 7AH S| =AY o) AN &Y ol

7IARE L] FA A ERol Tt

AAEL E

2637 28 AS
(Aircraft Lighting System)

-]?'— [e}
RS (interior light)2 A7), &4, 24, 17

1 SR S0 ofd M T 7He 9



|
S8 7| MAFE7|A7] Avionics for AMEs

2.6.1 2|5 S(Exterior Lights)

%% (position light), SE=U A5 (anti-
collision light), 2F%5(landing light), 123l &
TS5 (taxi light)2 327] 2%5(exterior light)
o] Ukl djo|r}, AR £ oFHEEE 9
3 @ r=Eth Y7 AAFS (wing inspection light)
I} 2L 952 AR Y-8 (specialized flight

operation)f £ o]¥o] Hc},

2.6.1.1 $)A S (Position Lights)

a9 2-159¢9F 19 2-1603 o], of7te] 3
7] +4L& v]AYTAZ(CFR, code of federal
regulations)] Title 14¢f H7]E gt QAL
ol sk A5 (position light)& ZH31 9

ofof Bt} 9IA150] B i 1) A4, 17 =

[Z12! 2-159] A left wing tip position light (red)
and a white strobe light

2] (position light unit)= 2719 #=E =3}
stal glow 7HE g 7] FFRES] 3H Shof 54
Po=z wlof 9t} A5 (green light unit)
= A o2& JUfjo] i Hof Ax|Htt AHAS
A= UE o FATE fFof| AAEH}, 3

[€)
F5719 FujolA FzH(wide

Ae Y% 329 A5 (schematic diagram)
£ HolEt} 9A5-2 )5 (navigation light)
ojgtal: REr}

(o}
b
o)
u
ot
of4
~
=
Y
oo
rit
P

2% 3| Z(position
light circuit)oll= &2 ®o|7} Qit}, BE 2=

[22] 2-160] A right wing tip position light,
also known as a navigation light
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L168A20

A223 panel assembly
subpanel, L INBD

J282[P282

l. L168B20 —s——Nav light PWR 20
-]191-29

Jl—Ground 20

DS104/XDS104
@ R Nav light

L168F20

J281[P281
l. L168620—0—Nav light PWR 20
-]91-28

DS103/XDS103
© ) Tail nav light

P239 J239

Q Vo
25-53-02
L~ W159 P238 J238
5A L168D20 —# | Red
CB121 Blk
NAV LIGHT

#7

L170A20N 1
GS129&

----- 713347

rGround 20

DS104/XDS104
R )LNav light

Ve

(212! 2-161] Navigation light system schematic

F2 Ee JEARV|E HoEw W2 2= 4
A7) (flashing equipment)2} Z334%] (dimming

equipment)E 33T}

237 BHE g Ao A9x e} Fmant
£ #453 qdo dF Aol st AojkE
(control knob) EE AYA|E= 59] o] SetS A

7] Sl AR E=H, g S0, AlofxEE &
ol 3 7HA 18 A9 A WA 4%l
2531} A7) 5 (instrument panel light)2 #+=
o] ARgRITE, B ol Alofle B o] 3112 @4
Y5 (panel light)o] =& Z7MAZ1t, AEAA]
(flasher unit)= 79 AE5719] HA3l=4a

m
rlr

é*’.é

AH(position light 01rcu1t1"y>°1 EBIE|R] ko A
Frelg 7ol AHgET HEAY YAs-2 W

o)

Z7-(incandescent light bulb)% g}, wksg

0] Q EX(LED light)& A1

244 59 Aol e
==,

2.6.1.2 =945 (Anti—Collision Lights)
Z= A5 A % (anti—collision light system)<
Sl o]4fe] FOo = o]FoXint, FEWATAAE

27 ghomA $IX%

HE ST Azl 9=

9] 7 E(visibility) S &

A B ele] Hj7]o Xoi—l%l L‘3—(beam ligh

& 4473 9k 3
of Zuj7|s} Wujere] 35

light)& AR&3Ict I8 2-16294+= &

HF2] = (anti—collision

oL

o A FELAS dulg HoiEth

252 (anti—collision light unit)= X




S8 7| MAFE7|A7] Avionics for AMEs

[ 2-162] Anticollision lights

T A7l Yol AsE= 1) B 2719 T
(rotating light) 0.2 o]Fo]Zt} 5o 1A HZ|
U 52 2287 (red glass)E Y59 3] &ukAL
7 ofefjoll Ak, WIAE- A2 (arc)7t U= A
Blofl A sAstar 1 Ante dojub= 4l3-E(flash
rate)< v‘f—% 40~60[cycle]o|t}, Zé]/\LA 7]

8l A A B-= (white strobe light)-& E3F JubA]
ol FEUATY F HA fFolth, BHE EE
wing tip)oll 12a o] deke] AXH 435

ur
=1

( |5
(strobe light)& @A 3-(white light)2] v

o

& 7t A AT (intermittent flash)S TrEo|dl
o 9 ARAE Y AR (high—voltage
discharge)ol 98 A 7]A gtct,
(dedicated power pack)> AHIAHE 483}
A A =% H(sealed xenon—filled tube) &2
S Fadteh Ali=(xenon) Aol FFESA

= 0 AgeR ol2sieitt, A¥ea 11 2-159

A8 AU

2.6.1.3 #5518 55
(Landing and Taxi Lights)

AF5L oHAF Ao BFEE H[Z7] $sto]
G570l AAE, o] T2 wig s 2o
2| == 2] (maximum range)& Zﬂ%"@h_ 7—}5

HEARREZ] (parabohc reflector)o] 2
A5 He §& o H—4
%] (leading edge)®] F7toll AXHAY &+
et FAF R Hof Qlok oY 581

l
FEE71NA 2552 HE @Y 2Rl H

(a2 2-163] RS
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7182 A% ddE 4= Qo 17 2-163% o],

q, 2FE52 fres FUT A

of AAec}, YEE W(beam), = (halogen),

T 17} EA=H A2 (high—intensity xenon
discharge lamp)©] AFE-F T},

19 2-1648F Zo], =%

rlo
e
N
U

s

[2& 2-164] Taxi lights

Z(taxi strip)25¥, = A 119 (hangar

area) &2 5&%71—% F

N
rr
o
52
o
>
o =
=}
2
_ﬁﬂ.l
)41

Z 2] (tricycle landing
gean)2 71T 9 FEVIIN, BASHFES
(single taxi light) E& 53 4=%
taxi light)& AH2HE
9] W] ZFE E(non—steerable part)ol] 2] ¥},
o] 5L &3] Ao AXY WL 1w 3

o=

7| ﬂiﬂ i%ﬁﬂr Qzog e Ausl] 9
I3 Z

(multiple

A 2] (nose landing gear)

i°ﬂ %il‘f‘&th ?u_‘—‘% FF71914, FeHES(dual
taxi light)> 543t 32| 9J3) Aoj=l= N
£ 7P A S BAIBhE 5

ofs) HetEtt fE5- T3 Yl d ol A (wing
leading edge)®] @53t +of A1, 7} 1L
light)3} ?I’:.Wfﬂ St

(clearance light)]|

AAZZE(fixed landing
Ao Ax| =t

gEE 48 FFF HESS 230 UA

52

HE

g8 A (taxiing operation) AFEjo) A
H]527] ffoff 2HE52 ARESh, ofA e o2
= TEE Al Eole =S Al fdl
L5532 (landing light circuit)ol] 233A37]
(dimming resistor)S ©]-&3ttt 13 2—1659) A
© ol tiek URkAel 3= E HojEr)
AR i a7l =2HolE(nose radome) 9
= ol AT o
3L Uk F fETolA HE A9 E2A AHEE

7] 71529 S5 BhE ofefZef 7}

o) )
e %

o
I
lo
ofr

o=

of
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24-53-02

(o
TB102 w159
2
? L178A16 oA
cB121
TAXI LIGHT
T e 5
176B18 o L178A16
10A
@ L177A18N _l — CB178
L] R LANDING
. Dsi110 g 5 LIGHT
XDS110 CR127 b A
RIGHT LANDING ST
LIGHT
_ S 4
L178B16 C--24 1
@ L179A16N L S1044-20 T
L& Ds106 l 6
A\ Q i
XDS106 ; s 24-53-01
TAXI LIGHT CR126 -
$104 NOSE GEAR UP Wi1o
LOCK SWITCH : l
@ L173B18 L L173A18 10A
L174A18N 8 CB177
L LANDING
L& Ds109
SNy Ds109 = HIGHT
LEFT LANDING A223 PANEL ASSY - SUBPANEL,
LIGHT L INBOARD
° L30A22 —] 31-51-04
N\/\_] 32-61

[ 2-165] Taxi light circuit

2.6.1.4 S/ A A (Wing Inspection Lights)

AR FE7l= Hd Foll Y oA
B dubgere] e 7 stEE B F
HAAFe= 28500 Sl o3t 2952 oF
sk Stoll Gl FolA o AR 9]
HAE 7HsA gtk olE2 HE £2FAl 9l

glolE &3l Aleject. 47 INAAEAE (wing
inspection light system)2 W2 7F&(cowl),
=Y Ee 2SR} 22,

M= (nacelle hght)ﬂ} Hal z=7lo] =8 ¥
FeAY B= 2719 Som
7N ELet FH Y Folal Yt Sz ofsf A
Hr

2.6.2 WFS

(Interior Lights)

[212! 2-166] Interior cockpit and cabin light system
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lighting system), L2]al H]AFAFE] Alo] 327
o 4% 571 Hl8l 571 vieo] uld=gAlE

(emergency lighting system)< 2+ Qlch,

2.6.3 FH| ¥ AL A ZHAS
(Maintenance and Inspection Lighting
Systems)

ofi
o~
O

7| 2AE Arks Wil 2e =0l Hole



