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3. Holders of MIL-HDBK-299(SH) will verify that page changes and additions
indicated above have been entered. This notice page will be retained as a check
sheet. This issuance, together with appended pages, is a separate publication.
Each notice is to be retained by stocking points until the military handbook is
completely revised or canceled. ’

Preparing activity:
Navy - SH
(Project 6§145-N337)
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ELECTRICAL CABLE VOLTAGE DROP CALCULATIONS

10. SCOPE
10.1 Scope. This appendix is intended for use as a guide to

determining cable voltage drops for alternating current (ac) and direct
current (dc) power, lighting, electronic, interior communication, and
weapon control systems. )

20. REFERENCED DOCUMENTS

20.1 Govermment documents.

This paragraph is not applicable to this appendix.

20.2 Nongoverrment publications. The following documents form a part
of this handbook to the extent specified herein. Unless otherwise
specified, the issues of the documents which are DaoD adopted are those
listed in the issue of the DoDISS cited in the solicitation. Unless
otherwise specified, the issues of documents not listed in the DoDISS are
the issues of the documents cited in the solicitation.

American Society For Testing And Materials (ASTM)

ASTM B B - Standard Specification for Concentric-Lay-Stranded
Copper Conductors, Hard, Medium-Hard, or Soft. (DoD
adopted)

ASTM B 258 - Standard Specification for Standard Nominal Diameters
and Cross-Sectional Areas of AWG Sizes of Solid Round
Wire Used as Electrical Conductors.

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia PA 19103}

{Nongovernment standards and other publications are normally available
from the organizations that prepare or distribute the documents. These

documents may be available in or through libraries or other informational
services).

- 75 -

Supersedes page 75 of 3 April 1989.



30.

DEFIRITIONS

Downloaded from http://www.everyspec.com

MIL-HDBK-299(SH)
NOTICE 1
‘APPENDIX

15 OCTOBER 1991

30.1 Symbols and Abbreviations. The symbols and abbreviations used in
this appendix are as follows:

S
a

D%

DF

DF’

pf

1s Parameter Units
Cross-sectional area of a conductor. Cmil

Cable voltage drop expressed in percent with -=
respect to system or source voltage.

Cable drop factor for equation using current. (Amp.ft)-l
Cable drop factor for equation using power. (Watt.ft) ~*
Conductor diameter. Mils
Line-to-neutral rated voltage at the switchboard Volt

of a three-phase system or rated voltage of a
single single-phase or dc system.

Line-to-line rate voltage of a three-phase system Volt
(Eppr Epcr Egp)-

Line current (IA’ IB or IC). Ampere
Resultant load currents for each phase {leg) of Ampere
a three-phase, delta circuit (IAB’ ge ©OF I )

Difference in two line currents of a three-phase Ampere
system (IA - IB’ IB - IC’ IC - IA).

Cable length. Feet
Real power for each phase (leg) load of a Watt
three-phase delta circuit (PAB’ P pe! OF PCA)'

Net real power in two lines of a three- -phase, Watt
delta system (P PB, PB - PC’ C - P )

Load power factor. -
Reactive power for each phase (leq) load of a Var

three-phase, delta circuit (QAB’ QBC or Q

cal -

_.'76_
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Q. - Net reactive power in two lines of a three-phase, Var
delta SystEm (QA - QBJ' QB - ch QC - QA) .

R - Total cable resistance per phase. Ohm

Roe ~ Conductor dc resistance. Ohm

S - Apparent power for each phase (leg) load of a Volt-amp
three-phase, delta circuit (SAB’ SBC or SCA)'

V - Terminal voltage or load voltage. Volt

VAN - Line-to-neutral terminal load voltage for phase Volt
2 of a three-phase four-wire system.

¥ - Total cable reactance per phase, Ohm

Z - Total cable impedance per phase. Ohm

z - Cable impedance per phase per foot. Ohm/ft

2o "~ Load impedance in each phase (leg) of a Ohm

three-phase delta circuit (ZAB’ ZBC’ ZCA)'
Zyy ~ Load impedance in phase A of a three-phase, Ohm
four-wire (wye) circuit.

o - Angle between terminal load voltage and cable Degree
voltage drop (IZ)

@, - Angle between terminal load voltage and cable Degree
voltage drop (IXZ).

B - Cable impedance angle. Degree

¢ - Mass density of a selected material. g/cm3

©® - Load power factor angle or angle between Degree
load voltage and line current.

ex - Angle between terminal load voltage and current Ix' Degree

p - Resistivity of a selected material at desired Ohm. ££
operating temperature.

Pe Resistivity of a selected material at 20°C. Ohm, £t

- 77 -
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40. GENERAL EQUATIONS FOR CABLE VOLTAGE DROP CALCULATIONS

40.1 Voltage drop calculations for dc systems. The voltage drop for
dc circuits is calculated from the following equations as derived in
section 80.

40.1.1 Two-wire circuits.

® For all systems except power,

IL
D% = 22.78 * 100 (80-5)
AE

® For power systems only.

IL
‘ D% = 24.42 * 100 (80-6)
AE

| 40.2 Voltage drop calculations for ac systems. The voltage drops for
ac circuits are calculated from the following equations as derived in
appropriate sections 906, 100, 110, and 120:

40.2.1 Single-phase circuits.

‘ e For all systems.

z2cos (o)

‘ p% = 2IL|————| * 100 (30-9)
E

|

40.2.2 Three-phase circuits.

& Voltage drop in each line for balanced systems such as
electronic, interior communication, weapon control systems.

_ zCcos {a)
D% = \13ILOL —E—— * 100 (90-10)

e Voltage drop in each line for all systems.

_78-

Supersedes page 78 of 3 April 1989.
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Z2C0S5 {a)
D% = IL[——] * 100 {(100-10)
E

e Voltage drop in each phase for all systems.

zcos(ax)
D% = IXL —=| * 100 (100-17)

E
X

40.3 Voltage drop calculations using drop factors. The following

" simplified equations are used for percent drop calculations in lighting and
power systems in conjunction with the cable drop factors listed in tables
XIII through XVII.

40.3.1 Lighting systems.

40.3.1.1 Single-phase circuit.

D% = 2IL(DF) Table XVI.
D% = 2PL(DF’) Table XVII.

40.3.1.2 Three—phase circuit.

D% = IxL(DF) Table XVI,
D% = PKL(DF’) Table XVII.

40.3.2 Power Systems.

40.3.2.1 Three—phase circuit. The drop in each line is:

D% = IL(DF) Tables XIII, XIV, and XV.
Where:

- I, I, 0, o ex, and o, are calculated in section 50.

Iror
- P and Px are calculated in 110.

- DF and DF’ are calculated and tabulated in 70.1.

- 79 -

Supersedes page 79 of 3 April 1989.
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50. CURRENT CALCULATIONS FOR AC SYSTEMS

50.1 Single-phase circuits. The line current (I) used in the voltage
drop equations is the scalar magnitude of current (ILO) obtained by adding
vectorially all load currents in the branch:

I= ILo

The angles &, o, and B are calculated from the following equations as
derived in section 90.:

o -1

If

cos “{pf}, B = tan_l{X/R)

if

o=-0+p . {90-2)

© is positive if the load power factor (pf) is lagging.
® is negative if the load power factor {pf) is leading.

56.2 Three-phase~delta circuits.

50.2.1 Balanced systems. If the system is balanced, the magnitude of
the line current is equal to:

I= 43IL0 = JalAB = J3IB = x!31CA

c

The total load currents I , L , and TC are the vectorial sum of all
the currents in their respective phase (leg) %oads. If the load power

factor angles in legs AB, BC, and CA are QAB’ eBC' and ebA respectively,
the phase load currents can be written as:

Ing = IAB/(Oo_eABl' I.~= IBC/(-120°-8 ), /(120°-9

BC Belr Iea = Icp/1120°-6,,)

Similarly, the phase voltages V,_,

AR VBC’ and V., are defined as:

CA

VAB = VAB f0°, V_ = VBC/-120°, and VC = VCA/120°

A

-..80_

Supersedes page 80 of 3 April 1989.
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50.2.2 Balanced/unbalaced systems. If the system is unbalanced or
balanced, the magnitude of line currents I and the associated angles © and
o are calculated from the following equations as derived in section 100:

I, = T3 = Icar {100-7)
& = 0° - /I,

o = <G ]

I = Ip0 - g, (100-8)
ey = -120° - /I,

og = @ + B

Io = Top - Iper . (100-9)
O, = 120° - /I,

on = -eb + B

The currents Ix and the associated angles e, and a  are calculated as
follows:

IX(AB) = TA - Ig, {100-12)
O e = 0 7 Lly(amy-

% ap) =~ k(s * P

Tyac) = Is - L (100-13)
& (pey = ~120° - /I, (pc)-

@ c) - S%kmey TP

- 81 -

Supersedes page 8l of 3 April 1989.
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Ix(CA} = I A’ (100-14)

Ocicny = 120° - [y oy

“ca) - O%qca) TP

50.3 Three-phase four-wire circuits. The individual line currents
{I) are calculated from the fellowing equation as derived in section 120.:

I= ILO = {120-3)

50.4 Example of voltage drop calculations. The following example is
a sample calculation of percent voltage drop for a three-phase lighting
system (See figures 3 and 4 in section 100).

a

Step 1.

Determine the load current (IL } in each phase by adding vectorially
all the connected load currents in ghat phase. Let assume the total load
current for each phase as follows:

IAB = 6.16A
IBC = 5.7A
ICA = 9.54

Also the following parameters are given in Table XVI:

Cable type : LSTSGU-9

Length: L = 45ft -3
Impedance: z = 1.120(10 °) /ft
Angle: p =1.82°

- 82 -

Supersedes page 82 of 3 April 1989.
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Step 2.

Calculate phase load currents. Let the terminal load voltages be:

VAB = VIEIUD

5 - _ .
VBC ; VBC/ 1290
VCA = VCA/120

Assume load power factor for each phase of 0.80 lagging, the phase currents
with respect to their respective terminal voltages can be written as
follows:

Ul

IAB IAE/0° - QAB— = 6.16/-37°

IBC = I / -120° E%C = 5.7/-157°
ICA = ICA/120 :A = 9.5/83°
Where 8, = 0,, = 6., = cos_1(0.80) = 37°.

AB BC CA

Step 3.
Determine line current I, angles © and angle o from equations (100-7),

(100-8), and (100-9) respectively after converting the phase currents from
their peolar forms to rectangular forms.

T,5 = 6.16 /=37° = 4.92-- j3.71
T, = 5.7/157° = - 5.25 - j2.23
T., = 9.5/83° = 1.16 + j9.43

The line currents are calculated as follows:

In = Ipng =~ Icar

(4.92 - 33.71) - (-1.16 + j9.43)

(100-7)

- B3 -

Supersedes page 83 of 3 April 1989.
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TA = 3.76 - j13.14
= 13.67/285.97°

and,

QA = 360° - 285.97°
= 74,03°

oy = -74.03° + 1.82°,
= =-72.,21°

Ip = Ipc = Ippe (100-8)
= (~ 5.25 - j2.23) - (4.92 - j3.71)
= - 10.17 + j1.48
= 10.28/171.72°

and,
= =120° - 171,72°

% = -291.72°

= —-(-291.72°) + 1.82°,
E: = 293.54°,

Ic = lea ™ Ter (100-9)
= (1.16 + 39.43) - (-5.25 - j2.23)
= 6.41 + jil1.66
= 13.31/61.20°

and,
Eb = 120° - 51,20°
= 58.8°
a. = -38.80° + 1.82°,
= -56.98°,
Step 4.

The drop in each line from the switchboard to the load is calculated
as follows:

zcos(un)
DA% = IAL ———;—-—— * 100, {100-10)

- 84 -

Supersedes page 84 of 3 April 1989.
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(1.120 * 1073)cos(-72.21°)
* 100

D,% = (13.67) (45)
(120/43)
= 0.30%
zcos (o)
D% = IBL[————:ELJ * 100, (100-10)
E
(1.120 * 107 3) cos(293.549)
= (10.28) (45) * 100
(120/¥3)
= 0.30%
rcos(ac)]
D§ = I.L|———| * 100, (100-10)
c C -

(1.120 * 10 ) cos(-57.98°)
(13.30) (45) * 100

0.53%

(120/V3)

The total drop (DT%) in this portion of cable is the combination of
the drops in the lines:?

%

o
o
Il

DA% + DB% + DC

0.30% + 0.30% + 0.53%
1,13%

Step 5.

If the voltage drop in each phase is desired, the currents I, must be
determined from the following equations:

The current in loop EAB is:

N i N
(3.76 - j13.14) - (~10.17 + 31.48)

(100-12)

i

13.93 - j14.62
20.19/313.62°

I

_85_
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1 = 13,93 - j14.82
X(AB) 54.19/313.62°
and, '
<) = 360° - 313.62°
X (BB} _ ¢ 3ge
ax(AB) : ~46.38° + 1.82°

-44.54°

The current in loop EBC is:

eiey™ T8 = Igr

(-10.17 + j1.48) - (6.41 + jl1.66)
-16.58 - j10.18
19.46/238.45°

oo

and,
2] = -120° - 238.45°
*(BC) 35,450
ax(BC) i -{=-358.45°) + 1.82°

360.27°

The current in loop ECA is:

Tyien)™ Ic ™ Inr

(6.41 + j11.66) - (3.76 - j13.14)

= 2.65 + §24.80
= 24.94/83.9°
and,
e = 120° - 83.90°
*CAL - 3610
a = -36.1° + 1.82¢
#(CR) - 340280
Step 6.

The percent drop in each phase is calculated as follows:

_86..
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(1.120) {102 cos (-44.54°)
* 100

D,.%$ = (20.19%) (45)
A8 [ 120
= 0.60%
Zcos (a )
: ) x (BC) i
DBC% = Ix(BC)L[ ] * 100, (100-17)
Eac

(1.120) (10™>) cos {360.27°)
(19.46) (45) * 100

0.82%

120

zcos (a )
_ x {CA) _
§ = Ix{CA)L[ ] * 100, (100-17)

Eea

(1.120) (1073} cos (-34.28°)
* 100

Ca

(24.94) (45)
120

0.87%

The drop in this portion of the cable is the combination of the
results in step 6 as follows:

DT(%) 1/2(DAB% + DB $ + DCA%)

c
1/2{0.60% + 0.82% + 0.87%)

1.14%

60. VOLTAGE DROP CALCULATIONS FOR UNBALANCED SYSTEMS BY SYMMETRICAL
COMPONENT METHOD

To calculate cable voltage drop for unbalanced system, the line
currents supplying the loads must be calculated. Assume all three phase
loads are unbalanced. Therefore, the phase load currents are different and
must be calculated individuvally. From the phase load currents, the

- 87 -
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al line currents will be calculated.

voltage drop in each line will be determined.

| derived

‘ 60.

in section 130.

1 Calculation Procedure. The step by

percent drop determination is as follows:

\ Step 1.

From the line currents, the
All necessary equations are

step procedure for the

Locate or determine the following necessary parameters:

e Vectorial sum of all load currents for each phase.

[ ]
®
[ ]
| [ ]
i
| Step 2.
| Cal

Real power for each phase load.
Load power factor for each phase.
Load impedance for each phase.

Rated load voltage for each phase.

culate the load current for each phase.

Two methods will be used,

1f real power, power factor, and rated voltage of the loads are given, use

the foll

owing equations:

Tpp = (Pap/Vypcos(@,,)1/(0 - &,.)°,

BB~

Tpc = [Ppc/Vpceos (8yc) 1142220 - @y0) °,

I

[PcA/VCAcos(CbA)]/(IZO -8

)0
Ca ———— A~ '

(130-31)
{130-32)

(130-33)

If the impedances and rated voltages of the loads are given, use the

following equations:
Ing = Vap/ Zaps

1 o
sc = Vac/ Zne’
| Tea = Vea! Zear

- B8 -
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4

Step 3.

Calculate the positive and negative sequence currents. Take phase AB
as reference, the positive and negative sequence currents are calculated as

follows:
— _ _ - 92— _
IABl = (1/3) (IAB + aIBC + a ICA)’ {130-29)
— _ — 2= - _
IAB2 = (1/3) (IAB + a IBC + aICA)' {130-30)
Where: 2
1/120° , a“ = 1/240°

o
il

Note: 1In a three-phase and three-wire system, the zero sequence currents
are zerc as shown in section 130.

Step 4.
} Cglculate the sequence components of line currents from the following
| equations:
\ o
} I, = Ipp (¥3/-30°), (130-8)
| I, = I15,(V3/30°), (130-11)
Iy, = Ipp, (Y3/-150°), (130-14)
‘ I, = Ipp,(¥3/150°), (130-17)

Tny = Ippp (V3/90°), (130-21)

‘ I, = Ty, (V3/-80°), {130-25)
! Step 5.

The line currents flowing into each node of the delta connected
) loads as shown in figure 7 are calculated as follows:

| IA = IABI(43/-30°) + IABZ(43/30°), (130-28)

- B9 -~
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[l
|

(¥3/-150°) + I,.,(¥3/150°), (130-27)

B ABl AB2

I. = IABl(43/90°) + IA52(4§/—90°), (130-28)

The corresponding angles ® and a are calculated from equations derived
in section 100.:

8, = 0° - AEA_f @, = =€, + B, (100-7)
@ = -120° - /I, oy = -8, + B, (100-8)
& = 120° - LEC_, o = =6, t B, {100-9)

Step 6.

if the cable length and cable impedance are known, the voltage drop in
each line is: -

zcos (a)
D% = IL|——| * 100, (100-10)
E

60.2 Example of Voltage Drop Calculations.

Step 1.

The following parameters are given:

Vap = 118/0°, VBC = 118/-120°, VCA = 118/120°
Papg = 3400w, PBC = 2500w, PCA = 2900W.
E,n = Eq~ = E,, = 120V

AB BC CA

All load power factors (pf)

3O 80 lagging. From Table XVI, use
LSTSGU-50 cable with z = 0.223(10

)Q/ft, B = 7.8°

- 90 -
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Step 2.

Calculate the phase currents from the following equations:

Iig = [PAB/ V,pCos (8, )}/(0 - __)°, (130-31)
= [3400/(118) (0.8)1/(0° ~ 37°)
= 36/-37°
IBC = [PBC/VBCcos(EhC)}/(-lzo - GBCL°, (130-32)
= [2500/(118) (0.8)1/~120°- 37°
= 26.5/-157°
Top = [PCA/vCAcos(ebA)]/(lzo VA | (130-33)
= [2900/{118) {0.8)]/120°- 37°
= 30.7/83°
Step 3.
Calculate the positive and negative sequences of TAB from the
following equations:
— _ —_ —_ 2__ _
IABl‘ (1/3)(I + aIBC + a ICA)’ {130-29)
= {1/3)[36. 0/ 37° + (1/120 ) (26.5/~- /=157°}
+ (1/240°)(30 7/83° YT
= 31.01:}1:
= - y - _
IAB2_ (1/3)(IAB + a IBC + aICA), {130-30)

(1/3) [36.0/-37° + (1/240°) (26.5/~157°)
+ (1/120°) (30.7/83°)

2.6/-62.5°

- 81 -
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Step 4.

Calculate the sequence components of line currents from the following
equations:

-
|

a1 = Iapp (¥3/-30°), (130-8)

0

(31.0/-37°) (¥3/-30°)

53.7/-67°

I, = IABZ(¢§/30°), {130-11)

i

(2.6/-62.5°) (V3/30°)

4.5/-32.5°

Ip, = IABI(J3/-150°), (130-14)

(31.0/-37°) (¥3/-150°)

53.7/-187°

=
|

B2 = Tﬁsz‘“§/15°°" (130-17)

{2.6/-62.5°) (¥3/150°)
4.5/87.5°

ihn

&
|

c1 = IABl(43/90°), (130-21)

(31.0/-37°} (¥3/90°)
53.7/53°

-
]

c2 1AB2(43/-90°), (130-25)

{2.6/-62.5°) (¥3/-90°)
4.5/-152.5°

([}

_92_

Supersedes page 92 of 3 April 1989.
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A" 7B

currents as follows:

I

Then,

=
nn

Then,

Then,

Supersedes page

I + I + I

A a0 Al a2’

0 + 53.7/-67° + 4.5/-32.5°
24.78 - 351.85
57.47/-64.46°

0° - (-64.46°)
64.46°

i

-0, + B

-64.46° + 7.8°
-56.66°

[#s]

T oA+ I.. +I..,

089 53.8}-187%%% 4.5/87.50
- 53.10 + 311.04 -
54.24/168.26°

-120° - 168.26°
-288.26°

non

-8, + B

288.26° + 7.8°
296.06°

nn

Teo * Iea + Icor

0 + 53.7/53° + 4.5/-152.5°
28.33 + 340,81
49.68/55.24°

120® - 55.24°
64,76°

o

-6, + B

-64.76° + 7.8°
-56.96°

1

- 93 -~
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Step 6.

Determine the percent voltage drops in the lines, and compare the
results.

zcos(aA)
D% = I,L|——2-| * 100, (100-10)
g
(0.223) (1073) cos (-56. 66°)
= (57.47) (65) ¥ 100
120/43
= 0.66%
zcos(uB)
Dg¥ = IL|———2—| * 100, (100-10)
E
(0.223) (1073} cos (296.06°)
= {(54.24) (65) * 100
120/43
= 0.50%
zcos(at)
Dot = I,L|——| * 100, (100-10)

E

(0.223) {1073) cos (-56.96°)
(49. 68) (65) * 100

120/43
0.57%

The drop in this portion of cable is obtained by combining the drop in
the individual lines (phase):

DT%

DA% + DB% + DC%

n

0.66% + 0.50% + 0.57%

1.73%

70. CABLE IMPEDANCES AND DROP FACTORS

The drop factors and impedances are calculated based on the

- 94 -
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characteristics of LSTSGU and LS6SGU cables in accordance with MIL-C-24643.
The tabulated drop factors for these cables may be used for other types of
cables with similar impedance characteristics including lightweight cables
in accordance with MIL-C-24640.

70.1 Drop factor calculations. The drop factors in tables XIII
through XVII for power and lighting systems are calculated from the
following equations derived in sections 90, 100, and 110:

70.1.1 Power systems.

zcos {a) {2)ztan{«) sin{a)
DF = + * 100, (90-13)
E 200E

70.1.2 Lighting systems.

70.1.2.1 Single-phase Circuits.

® For equations using Current I.

zcos (a)
pF = j—| * 100, {100-20)
E

e For equations using Power P.

1 2¢0S (o)
DF’ = * 100, (110-286)
Vcos (©) E

70.1.2.2 Three—-phase Circuits.

e For equations using Current Ix'

zcos(ax)
DF = |————| * 100, (100-19)

E
X

- 95
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TABLE X!. [Impedances for LSTSGY cable,

60Hz electronics and communications.
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Cable characteristics
Size A) R 27,3/ X 3/ 3 B
Cmil Chms per 100 feet ‘c
3 2580 4,503 0.043 4,503 0.55
4 4110 2.825 0.040 2.825 0.81
9 10380 1.119 0.036 1.120 1.82
14 13090 0.887 0.041 0.8388 2.63
23 20820 0.558 0.039 0.55¢9 4,02
S0 52620 0.221 0.030 0.223 7.81
75 83690 0.138 0.030 0.141 12.07
100 105600 0.110 0.029 0.114 14.92
150 167800 0.0569 0.029 0.075 22.58
200 2114600 0.055 0.029 0.062 27.80
300 300000 0.040 0.02¢9 0.049 35.75
400 413600 0.029 0.029 0.041 44,80

1/ Conductor cross-sectional areas are based on MIL-C-24643.

2/ Resistances are derived at s temperature of 45°C.

3/ Resistances and reactances per phase are calculated in section 140,

TABLE XI!. Impedances for LSTSGU cable,
400 Hz electronics and communications.

Cable characteristics

Size Al E_gl,B/] X 3/ l 2 B

Cmil |[Chms per 1000 feet ‘c
3 2580 4.503 D.288 4.512 3.66
4 4110 2.825 0.267 2.838 5.40
9 10380 1.119 0.237 1.144 11.98
14 13090 0.887 0.271 0.928 17.01
23 20820 0.558 0.262 0.616 25.12
50 52620 0,221 0.202 0.299 42,446
75 83690 D.143 0.197 0.243 535.98
100 105600 0.116 0.195 0.227 59.29
150 167800 0.077 0.1 0.206 68.10
200 211600 0.065 0.194 0.204 71.44
300 300000 0.051 0,192 0.199 75.14
400 413400 0.042 0.192 0.195 77.65

1661 ¥490120 ST1

X1AN3ddV

T d0110N

(HS)662-AHAH-TIN
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TABLE XIIl. Drop factors for LSTSGU cable, 450V, three-phase, 60Hz power systems. 1/

Cable characteristics Drop factors at cos (8) 2/ below (multiply by 10'5)
Sfze A3 |R4&/,5Y X 4/ Z B 1.0 0.95| 0.90| 0.85f 0.80] 0.75; 0.70| 0.é65| 0.60| 0.55 | 0.50 | 0.45 | 0.40 | 0.35 | 0.30
Cmil Ohms per 1000 feet '
3 2580 | 4.827 | 0,043 4.827 0.51 |185.8 |177.2 [168.4 [159.4 |150.4 |141.5 ;132.5 |123.5 |114.8 |106.0 (97.1 |88.2 |79.7 |71 [62.0
& 4110 | 3.028 | 0.040 3.028 0.76 |116.5 |141.3 [105.8 [100.2 | 94.6 | 89.1 | B83.5 | 77.9 | 72.4 | 66.9 ([61.3 |[55.7 |[50.4 |45.1 [39.9
9 10380 | 1.199 | 0.036 1.200 1.70 | 46.1 | 46.3 | 42.2 | 40,1 | 37.9 | 35.8 | 33.6 | 31.4 | 29.3 | 27.1 |24.9 [22.7 |20.6 |18.5 |16.4
14 13090 | 0.95% | 0.041 0.952 2.45 | 36.6 | 35.3 | 33.7 | 32.0 | 30.4 | 2B.7 } 27.0 | 25.3 | 23.6 | 21.9 [20.1 |18.4 |16.8 |15.1 [13.4
23 20820 | 0.598 | 0.039 0.5%9 3.75 | 23.0 | 22.4 | 21.4 | 20.4 | 19.4 | B4 1 17.3 ) 16,3 1 15.2 | 6.2 131 120 MDD 9.9 8.9
50 52620 | 0.237 | 0.030 0.239 7.29 2.1 2.0 8.7 8.4 8.0 7.6 7.3 6.9 6.5 6.1 3.7 5.3 4.9 6.4 4.0
5 83690 | 0.148 | 0.030 0.151 | 11.27 5.7 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.1 3.9 3.6 3.4 31 2.9
100 105600 | 0.118 | 0.029 0.122 | 13.94 4.5 4.7 4.6 4.5 4.3 4.2 4.0 3.8 3.7 3.5 3.3 3.1 2.9 2.7 2.9
150 167800 | 0.074 | 0.029 0.079 | 21.20 2.9 3.1 3.0 3.0 2.9 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 1.9
200 211600 | 0.059 | 0.029 0.056 | 26.18 2.3 2.5 2.5 2.5 2.5 2.4 2.4 2.3 2.3 2.2 2.1 2.0 1.9 1.9 1.8
300 300000 | 0,042 | 0.029 0.051 | 34.44 1.6 1.9 1.9 2.0 2.0 1.9 1.9 1.9 1.9 1.8 1.8 1.7 1.7 1.6 1.6
400 413600 | 0.031 | 0.029 0.042 | 42.89 1.2 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.5 1.5 1.4

3 17 Drop factor equations are derived in section 90.
2/ © is the load power factor angle or angle between load terminal voltage and line current.
3/ Conductor cross-sectional areas are based on MIL-C-24643.
4/ Resistances end reactances per phase are calculated in section 140.
3/ Registances are derived at a temperature of 65°C.

T 401I10N
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TABLE XIV. Drop factors for LSTSGU cable, 450V, three-phase, 400Hz power systems. 1/

6861 11adv ¢ 3Jo gp o8ed sepasiadng

Ceble charocteristics Drop fectors ot cos () 2/ below (multiply by 1079)
Size A 3/|R &7,57 X &f 4 8 1.0 0.95| o0.%0| 0.85| 0Q.80f 0.75 0.70 0.65| 0.80| 0.55| 0.50| 0.45| 0.40| 0.35| 0.30
Cmil| Ohms per 1000 feet °C
3 2580 | 4.827 | 0.288 | 4.836 | 3.42 [1B5.8 |180.1 {172.4 [164.2 |155.9 |147.6 139,1 (130.5 |122.1 [113.5 |104.9 |96.2 |B7.8 |79.3 |71.0
4 4110 | 3.028 | 0.267 | 3.040 | 5.04 |116.6 |114.0 {109.6 |104.7 | 99.8 | 94.7 B%.5 B4.3 | 7.2 | 73.9 | 6B.5 |63.2 |58.0 |52.7 |47.0
¢ | 10380 1.199 | 0.237 | 1.222 |11.20 | 46.2 | 46.7 (| 45.6 | 44 .1 62.5 | 40.8 32.0 37.2 | 35.3 | 33.4 | 31.4 |29.4 |27.4 |25.4 |23.0
14 | 13090 | 0.951 | 0.271 | 0.989 |15.92 | 346.6 | 38.0 | 37.5 | 36.6 | 35.48 | 34.4 33.2 31.9 | 30.5 | 29.1 | 27.6 |26.1 |24.6 |23.0 |21.0
23 | 20820 | 0.598 | 0.262 | 0.653 |23.63 | 23.1 | 25.0 } 25.1 26.9 | 26.5 | 23.%9 23.3 22.7 | 21.9 | 21.2 | 20.3 |19.5 |18.6 |17.7 |16.7
S0 | $2620 | 0.237 | 0.202 | 0.311 |40.46 9.2 1.1 11.6 | 11.9 | 12.0 | 12.0 11.9 19.8 | 1.7 | 115 11.3 |11.1 |10.8 |10.,5 [10.2
75 | 83690 | 0.153 | 0,197 | 0,249 [52.12 5.0 8.0 8.6 9.0 2.3 9.4 9.5 9.6 .6 9.6 2.5 | 9.4 | 9.3 | ¢.2 | 9.0
100 (105600 | 0.124 | 0.195 | 0.231 |57.59 5.9 6.9 7.6 8.0 8.3 8.5 B.7 8.8 8.9 8.9 8.9 8.9 | 8.8 | 8.7 8.6
150 1167800 | 0.082 | 0.1%1 0.208 |66.82 3.3 5.4 6.1 6.6 7.0 7.3 7.5 7.7 7.8 r.9 8.0)|8.0)] 8.0| 8.0 8.0
200 |219600 | 0.069 | 0.194 | 0.206 |70.38 2.9 4.9 5.7 6.2 6.6 6.9 7.2 7.4 7.6 7.7 74|79 |7.9| 79| 7.9
300 |300000 | 0.054 | 0.192 | 0.200 [74.31 2.3 [ 5.2 5.7 6.1 6.5 6.8 7.0 7.2 7.3 7. | 7.5 | 76| 7.7 | 7.7
400 146135600 | 0.045 | 0.192 | 0.197 |76.80 2.0 4.1 4.8 5.4 5.9 6.2 6.5 6.8 7.0 7.1 7.3 | 7.4 7.5 7.5 | 7.6

86

1/ Drop factor equations are derived in section 90.

2/ 0 is the load power factor angle or angle between {oad terminal voltage and line current.
3/ Conductor cross-sectional areas are based on MIL-C-24643.

&/ Resistances and reectances per phase are calculated in section 140.

3/ Resigtances are derived at a temperature of 65°C.
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TABLE XV. Drop factors for LS6SGU cable, 450V, three-phase, 400Kz power systems, 1/

Cable characteristics Drop factors at cos (8) 2/ below (multiply by 1079)

Size A3 IR L!,S{' X &/ | 2 B 1.0 | 0.95| 0.90 |0.85| 0,80 |0.75 |0.70 |0.65] 0.60| 0.55 [0.50 {0.45| 0.40| 0.35 |0.30
Cmil |Ohms per 1000 feet °C

100 211200 | 0,062 | 0.098 { 0.116 | 57.60 | 2.4 | 3.5 | 3.8 4.0 | 4.2 4.3 |44 |44 | 4.6 | 4.5 |b.4 (4.4 ] 4.6 | b4 |43
125 266200 | 0.049 | 0.097 | 0.109 | 63.29 | 2.0 | 3.0 | 3.3 |3.6 | 3.8 |3.9 4.0 [&.1 ] 4.1 ] 6.2 |b.2 4.2 ] 4.2 | 4.2 |49
150 335600 | 0.041 | 0.096 | 0,104 | 66,83 | 1.7 | 2.7 | 3.0 (3.3} 3,5 |3.6 3.7 (3.8 | 3.9 3.9 |40 [|4.0 | 4.0} 4.0 [4.0
200 423200 | 0.035 | 0.097 | 0.103 | 70.92 | 1.5 | 2.5 | 2.9 (3.1} 3.3 |3.5 |3.6 (3.7 | 3.8 3.9 [3.9 3.9 4.0 4.0 |&.0

1/ orop factor equations are derived in section 90.

2/ 8 is the load pawer factor angle ar angle between load terminatl voltage and line current.
3/ torductor cross-sectional areas are based on MIL-C-24643,

47 Resistances and reactences per phase are calculated in section 140.

5/ Resistances are derived at a temperature of 65°C.

XIAN3IddV
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TABLE Xv). Drop factors for LSTSGU cable, 120V, three-phese/singie-phase, &0Hz lighting systems wsing § or I.. 1/

Cable characteristics

Drop factors at angle ® 2/ for single-phase loads or &, 3/ for three-phase lcads (multiply by 10'5)

‘6861 11idv ¢ 3o 001 ®%ed sepesindng

Size A&/ Ril.ﬁll X 5/ I z -60 -55 -50 -45 -30 20 20 30 40
Cmil |Ohms per 1000 feet

3 2580 4,503 |0.043 |4.503 25.0 184.5 |212.3 {238.4 [262.8 323.2 1351.4 |368.9 |375.2 353.9 |326.8 |289.8
4 4110 |2.825 |0.040 |2.825 77.4 114.8 [132.3 [148.8 |164.1 202.2 220.1 |231.3 (235.4 222.4 |205.5 [182.5
9 1 10380 [1.119 |0.0356 [1.120 29.1 . 46.1 | 51.1 | 57.7 | 63.8 7.3 | B6.6 | 91.3 | 93.2 . 88.6 | 82.2 | 73.3
14 | 13090 |0.887 (0.041 |0.888 22.1 . 36.0 | 39.6 | 44.9 | 49.9 62.3 | 68.3 | T2.2 | 73.9 ) 73.4 | 70.6 | 65.7 | 58.8
23 | 20820 [0.55B [0.03% |0.559 12.8 6.7 | 20.4 | 24.0 | 27.4 | 30.6 3.5 | 38.6 | 42.6 | 45.2 | 46.5 6.4 | 44.8 | 61.9 | 37.7
50 | 52620 {0.221 |0.030 [0.223 3.9 5.5 7.0 8.5 9.9 | 1.2 2.5 | 4.7 | 16,4 | 17.7 | 18.4 8.6 | 18.2 | 17.2 | 15.7
75 | 83490 [0.138 {0.030 {0.141 1.6 2.6 3.6 4.6 5.5 6.4 7.2 8.7 | 10,0 { 10.9 | 11.5 1.8 | 1.6 | 11.2 | 10.4
100 | 105600 [0.110 [0.029 |0.114 0.8 1.7 2.5 3.3 4.0 4.8 5.5 6.7 7.8 8.6 9.2 2.5 9.4 9.2 8.6
150 167800 [0.069 [0.029 |0.075 0.3 0.3 0.8 1.3 1.9 2.4 2.9 3.8 4.6 5.2 5.8 6.1 6.2 6.2 5.9
200 1211600 (0.055 |0.029 |0.0&2 0.7 0.3 0.2 0.6 1.1 1.5 2.0 2.8 3.5 4.1 4.6 4.9 5.1 5.2 5.1
300 [300000 |0.040 |0.029 |0.049 1.1 0.8 0.4 0.1 0.3 0.7 1.0 1.7 2.3 2.9 3.3 3.7 4.0 4.1 4.1
400 |413600 |C.029 |0.029 [0.041 1.4 1.2 0.9 0.6 0.3 0.0 0.3 0.9 1.5 2.0 2.4 2.8 3.1 3.3 3.4

001

1/ Drop factor equations are derived in section 100.

2/ & is the load power factor angle or angle between load terminal voltage and line current I.
3/ 6,is the angle between load terminal voltage and current I..
4f Conductor cross-sectional areas sre based on MIL-C-24643.
5/ Resistances end reactances per phase are calculated in section 140,

&/ Resistances are derived at a temperature of 45°C.

T J0I10ON

XIaNdddv
(HS)66Z-VFAH-TIN

1661 HILOLDO ST
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TABLE XVIl. Drop factors for LSTSGU ceble, 120V, three-phase/single-phase, &0Hz |ighting systems usin or P.. I/

*686T TTady ¢ Jo 101 9%ed soposaadng

Cable characteristics Drop factors at angle 8 2/ for single-phase loads or 8, 3/ for three-phase loads (multiply by 10'5)

Size A 4f E_El,éll X 5/ 1 z B -70 -65 -60 -55 -S0 -45 -40 -30 -20 -10 0 10 20 30 40

Cmil |Ohms per 1000 feet “c

3 2580 | 4.503 | 0.043 | 4.503 | 0.55 |317.7 |319.6 (320.9 |321.B |322.6 |323.2 |323.7 [324.5 |325.2 [325.8 {326.3 |326.9 |327.4 132B.1 |3238.9

4 4110 | 2.825 | 0.040 | 2.825 | 0.8% |1946.7 {198.5 [199.7 |200.6 [201.2 |20%.8 }202.3 {203.0 |203.7 |204.2 |204.7 |205.2 |205.8 [204.4 |207.%
¢ 10380 | 1.119 | 0.036 | 1.120 | 1.82 | 76.0 | 75.6 ) 76.6 | 77.4 | 78.0 ) ¥8.5 | 78.9 | 79.6 | 80.1 | 80.6 | 81.1 | 81.5 | 82.0 | 82.6 | B3.3
14 13090 | 0.887 | 0.041 | 0.888 | 2.63 | 56.2 | 58.0 | 59.2 | 60.1 | 50.8 | 61.3 | 61.8 | 62.6 | 63.2 | 63.B | 64.3 | 64.B | 65.3 | 66.0 | 66.8
23 20820 | 0.558 | 0.03% | 0.559 | 4.02 | 32.6 | 34.3 | 35.5 | 36.4 | 37.0 | 37.6 | 38.1 | 38.8 | 39.4 | 39.9 | 40.4 ] 40.9 | &1.5 | 42.1 | 42.8
50 52620 | 0.221 | 0.030 | 0,223 | 7.81 | 10.0 | 11,3 | 12,2 | 12.9 | 13.4 | 13.8 | 14.2 | 4.7 [ 15.2 | 15.6 | 16.0 | 16,4 | 16.8 | 7.3 | 17.9
75 83690 | 0.138 | 0.030 | 0.141 [12.07 4.1 5.4 6.3 6.9 7.5 7.9 8.2 8.8 9.2 9.6 | 10.0 ( 10.4 | 10.8 § 11.2 | 11.8
100 |105600 | 0.1%0 | 0.029 | 0.114 [14.92 2.1 3.4 4.3 4.9 5.4 5.8 6.2 6.7 7.2 7.6 a.o0 8.3 8.7 9.2 g.8
150 |1467800 | 0.069 | 0.029 | 0.075 |22.58 0.7 0.5 1.4 2.0 2.5 2.9 3.3 3.8 4.2 4.6 5.0 5.4 5.8 6.2 6.7
200 (211400 | 0.055 | 0.029 | 0.062 |27.80 1.8 0.5 0.3 1.0 1.5 1.¢ 2.2 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.7
300 }300000 | 0.040 | 0.029 | 0.049 |35.75 2.8 1.6 0.7 0.1 0.4 0.8 1.1 1.7 2.1 2.5 2.9 3.3 3.7 4.1 4.6
400 |413600 | 0.029 | 0.029 | 0.041 |44.80 3.6 2.4 1.5 0.9 0.4 0.0 0.4 0.9 1.3 1.7 2.1 2.5 2.9 3.3 3.9

101

1/ Drop factor equations are derived in section 110,

¢/ @ is the load power factor angle or angle between P and S vectors.
3/ 8;is the angle between P, and apparent power S, vectors.

4/ Conductor cross-sectional areas are based on MIL-C-24643.

3/ Resistances and reactances per phase are calculated in section 140.
6/ Resistances are derived at o temperature of 45°C.

T 30I1ON

XIANZddv
(HS)66C-ALAR-TIR

1661 ¥3A90120 S1
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e For equation using Power P

1 zcos(ax)
DF’ = * 100, {(110-23)
Vcos(e&) E

X

The drop factors for other cables not listed in the tables can be also
calculated from the above equations if the cable characteristic are given.

B0. DERIVATION OF VOLTAGE DROP EQUATIONS FOR DC SYSTEMS

80.1 Single-wire circuits. The R4 resistance for a single wire in
dc systems is:

pL
RdC = |— (80-1)

A
Where:
p = Conductor resistivity (copper} of a cable at desired
cperating temperature (t).
L = C(able length,
A = Conductor cross-sectional area in circular mil (cmil).

The standard nominal cross-sectional area of a conductor in circular mils
is calculated in accordance with the following equation:

A = d, (80-2)

d

Where:
conductor diameter in mils.

The conductor resistivity (copper) at operating temperature (t) is
given by:
p = p [l +0.00393(t - tJ)1,
(80-3)
From section 140, the conductor resistivity (copper) at 20°C is:

Po = 10.371 Q.cmil/ft

- 102 -
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At t = 65°C,

10.371{1 + 0.003383(65 - 20)]

©
I

= 12.21Q.cmil/ft
At t = 45°C,

10.371(1 + 0.00393 (45 - 20)]
11.39 Q.cmil/ft

p

o

With respect to the system voltage, the percent voltage drop in a
single line is :

IRdc
D% = * 100 (80-4)

E

80.2 Two-wire circuits.

In a two-wire circuit, the percent drop in equation (80-4) must be
multiplied by 2 to include the drop in the return path:

e For all systems except power.

IR
D% = 2[ dc] * 100

E

At 45°C, the resistance Rd is:

L
R = 11.39|—
dc A)
Then,
1L )
D% = 22.78 * 100 {80-5)
AEJ

e For power system only.

IR
D% = 2[ dc] * 100

E

- 103 -

Supersedes page 103 of 3 April 19889,




Downloaded from http://www.everyspec.com

MIL-HDBK-299 (SH)
NOTICE 1
APPENDIX . ..

15 OCTOBER 1991

12.211L
D% = 2|——| * 100
AE

IL
24,42 * 100 (80~6)
AE

90. DERIVATION OF VOLTAGE DROP EQUATIONS FOR SINGLE-PHASE /POWER
SYSTEMS

The derivation of equations is based on Navy shipboard power systems
and following assumptions:

® Cable impedance is purely resistive and inductive.
® The terminal load voltage is used as reference at v/0°,

Let derive the voltage drop equations based on the following figures:

L |

Figure 1. Single-phase circuit representation.

- 104 -
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O 1Z Cas LG+

1Z Sint@-g)

Figure 2. Single-phase Voltage & Current Phasor diagram.

From the above fiqures, define:

© = Load power factor angle or angle between load
voltage and line current.
p = Cable impedance angle.

tan ! (X/R)

The relationship between the sending bus and the terminal load voltage
is as follows:

i E=1Z+ V, (90-1)

1 E = (/-0 @p) + v/oe

| E = I1z/(-© + B) + V/0°

‘ Let a=-0+8, (90-2)
E = IZcos(a) + jIZsin(a) + V

| E = (IZcos(a) + V) + jIZsin(e)

|

‘ E = (Izcos(a) + V)2 + T222sin?(a), (90-3)

| - 105 -
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991

The cable voltage drop in percent is calculated as follows:

(E - v]
D% = * 100
 E
4 v .
= |1 - J * 100,
L E

From equation (90-3), the terminal

V= J 82 - 1222510l (@) - IZc

load voltage is:

os (o)
" Substitute V into equation (90-4) and simplify:
J B2 - 1222 sin2(a)  Tzcos(a)
D% = [1 - + * 100
E E
[ 1
E2 - 1222 sinz(a) IZcos {a}
D% = |1 - 5 + * 100
E E
I222 Sinz(a) I1Zcos (a)
D = |1 - [1 - 5 + * 100,
E E

Set 2 = zL, the exact equation for

IZLzzzsinz(a)

D¥ = (1 - |1 -

voltage drop is:

ILzcos(a)

E2

- 106
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The rule for approximation by binomial expansion can be applied to
simplify equation (30-6):

n(n-l)x2 n(n—l)(n-Z)x3
(1+x) =1%nx+ * + .., x <1
2! 3!

In the above expression, let:
[ 12L22251n (a)

EZ

2

X =

] which is approximately equal to zero.

Therefore, the term in equation (90-6) can be written:

Izbzzzsinz(a) 1 IZL22231n (o)
1 - =1 - - ; {90-7)
£ 2 £?
Substitute equation {90-7) into equation (80-6):
1 Iszz 51n (o) ILzcos {a)
D% = |1 - - - 7 + — | * 100
2 E E
The voltage drop equation reduces to:
zcos (a) ILzzsinz(a)
D% = IL + 5 * 100, (90-8)
E 2E

Since the quantity sinz(a)IZEz is very small with respect to
cos(a) /E, It can be neglected and the acceptable equation for the voltage
drop is obtained:

zcos (o)
D% = IL|——| * 100, (80-9)
E

- 107 -
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Since it is a single-phase circuit, equation (90-9) must be multiplied
by 2 to include the drop in the return path.

Equation (90-9) can also be used to determine the percent drop in the
individual lines for three-phase balanced systems such as electronic,
internal communication, and weapon control systems with the substitution of
line current by 43ILO:

_ zcos (a)
D% = JBILOL ——] * 100, (90-10)
E

Where ILo is the resultant load current in each phase.

In equation (90-8), since {(z/E)cos(a) >> (z2/2E2)sin2(a), and by
setting D% equal to the assumed.drop (AD), an estimate of (IL) may be
determined as follows:

(AD) IL[(z/E)cos{a}] * 100

Solve for IL:

iL [(AD)YE/100zcos(a) ], (90-11)

Substitute equation {90-11) into equation (90-8) for IL in the bracket:

ZCos (a) (AD)Ezzsinz(a)
D% = IL + * 100

E 2002E2cos(u)

Simplification of the above equation gives the voltage drop equation which
includes the assumed drop (AD) in the systems:

+
E 200E

D% =

ZCOoSs (a) (AD) ztan {a) sin{wm)
IL * 100, (90-12)

The assumed drop (AD) for a 60 Hz or 400 Hz power system at normal
operation is 2 percent.

In equation (%90-12), let define the drop factor as:

- 108 -
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zcos (a)__ {AD} ztan (a) 51n (a) )
DF = + * 100 {30-13)
E 200E
Equation (90—12)'can be rewritten in the simple férm:
D% = IL(DbF), (90~14)

As before, the percent drop for a single-phase circuit in equation
(90-14) must be multiplied by 2 to include the drop in the return path:

D% = 2IL(DF), {90-15})

100. DERIVATION OF VOLTAGE DROP EQUATIONS FOR THREE-PHASE/LIGHTING
SYSTEMS

In order to determine the best cable selection for three-phase
systems, voltage drop calculations for all phases should be performed. The
combination of the individual drops will be the drop of the cable. The
following equation derivations are for a three-phase lighting system in
delta configuration.

I, Toe
& 1. 2 |[ A jl LOR0 IL rB;
h&._
N /
Ec % Vea UIC
a -fca\qb \ "GD /
Eo I foc
o— = :
Eac
I,
- 1
o — 2 |

Figure 3. Three-phase circuit representation.

- 109 -
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(In-1g3Z Coxn(g-8)
v /

-_\g
E (g -192/ \
(In-15)Z Sin(g-

|
|
|
|
Positive Rotation
|

Figure 4. Three-phase voltage and current phasor diagram.

From figure 3., the voltage loop method gives:

Epp = IAZ - Vap * Tﬁi =0, (100-1)
Esc - TBE - VBC + TCE =D, {100-2}
ECA - Téi - VCA + TAE = 0, (100-3)

Regroup the above equations as follows:

Exs = Vap * 2(I, - Tp), (100-4)
Bge = Vge + E(Ty - T), (100-5)
Ecp = Vea * 2(I. - Tp), (100-6)

Next, the difference in line current terms in equations (100-4)
through (100-6) must be solved. From figures 3 and 4:

- 110 -
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Iy = Iag 7 Iear

== 0 o
8, = 0° - /I,
= -eA + B
Ip = Igc ™ Ipp

= - L -
e, = -120° - /1.
a = G+ B
I . =I. -1

C Ca BC'

= ¢ o
o, = 120° - /I__

C
% f —Gh + B
Where: _ _
LIA ' LIB ' i}c : angle of I,, I, and I..

QA
eB : angle between V_ . and I
%

The phase load

|

H

BC

Ca

From equa
in each lipe i

D%

NEW PAGE.

: angle between VAB

and IA'

BC B

: angle between VCA and TC'

currents are expressed as:

IPB/(°°‘ehsl

= Ipo/{-120°-6,.)

0
Iop/(120°-6,,)

ll

{100-7)

(100-8)

{100-9)

tions (100-7), {(100-8B}, and (100-%), the percent voltage drop

5 computed as follows:

zCos (a)
= IL|——] * 100,
E

- 111 -
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Let the drop factor as follow:

2Cos (a)
DF = |—| * 100,
E

Equation {100-10)} reduces to:

D% = IL({DF},

The difference in line currents I, are computed as follows:

fx(AB) =Ty - Iy
=Tap " Tpc " Ica * Ing
= Mg - Ige ~ Igy
and O ) = % 7 LI, (ap)-
% aB) = Ox(apy TP
Tx(BC) =T - I¢
=Tpe " Iy = Ipg ¥ Ipc
= 2pe - Ty~ Ing
and ek(BC) = =120° - ilx{BC)—
%) - ©xc) TP
T}c(cm =TI - I
=Tea " Tap ~ Ipc * Ica
= 2Dgy - Ipp - Ige
and ex(CA) = 120° - llx(CA)—
®e(ca) = Oqcay TP
Where: . _
Qx(AB) : Angle between VAB and Ix(AB)'
- 112 -
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: Angle between VBC and Ix(BC)‘

: Angle between VCA and Ix(CA)'

8 (BC)

ex{CA)

From equations (100-4), {(100-5), and (100-6), the general equation

for the percent drop in the individuval phase is:

The magnitude of V may be approximated as:

vV = Ex - Ichos(ax)

Substitution of V in equation (100-15) gives:

cos(ax)
D% = IXZ ——1 * 100

E
X

Let Z = zL, equation (100-16) becomes:

zcos(ax)
b% = IxL~——— * 100

E
X

For example, the percent drop in phase AB is:

08 (% (ap) ’] « 100

AB

z
DAB% = Ix(AB)L{ N

Equation {100-17) can also be written as:

D% = I _L(DF)
With,
zcos(ux)
DF = |———| * 100,
Ex

- 113 -
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For a single—phase_§ystem, equation (100-19) becomes:
zcos (a)
DF = |—| * 100, (100-20)
E
Then, the percent drop equation is as follows:

D% = 2IL{DF) (100-21)

110. DERIVATION OF VOLTAGE DROP EQUATIONS FOR THREE-PHASE/LIGHTING
SYSTEMS USING WATTS AND VARS

In lighting systems, the use of watts {P) and vars (Q) instead of
currents (I) in voltage drop equations avoids necessity for calculating all
phase and line currents. This is an advantage when real and reactive power
or the apparent power (S} and power factor of connected loads are known.

Consider a balanced three-phase voltage and current vector diagram
below:

Vae

Prsit ive Antation

Figure 5. Three-phase voltage and current phasor diaqram.

- 114 -
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Assume all phase loads are inductive. The total complex power for
each phase can be determined as follows:

3 — — %
=V IL

—_ % _
Where I, is the complex conjugate of I,.

The apparent power (S) for each phase (leq) is defined as:

s =|s |=VvI

For phase AB:

SAB = VABIAB

In rectangular form:

SAB = VAB(l + 3j0) * IAB[COS(QAB) + jSln(GhB)]

SAB = VABIABCOS{QAB) + JVABIABSln(ehB)' . (110-1)
Since,

Pag = Vaplag©oS(Op)r  Qup = VapTppSin(Gy)

Equation (110-1) becomes:

S =P

a8 - Pap ¥ Qg (110-2)

The apparent powers SBC for phase BC and S,, for phase CA can be
referenced to the same axi§ as SAB' For inductive loads, their horizontal
projections are:

- - o _
SBCcos( 12(° eh and S Acos(120 etA)

C) C
From the trigonometric identity:
cos(e1 - 92) = cos(el)cos(ez) + 31n(el)51n(62)

S.~cos{-120° - eBC) = SBC[COS(—120°)COS(GBC) + sin(-120°)sin(eBC)

BC

SBC[-(l/Z)cos(ehc) - (d§/2)sin(eBc)]

- 115 -
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As indicated above, the two

SBCcos(-120° - GBC)

S..cos{l20Q°

Ca

The apparent power S, and

-0 )

CA

calculated as follows:

A~ “AB
Substitute PCA

Pa = Pan

= Pag

= Pan

For lines B and C:

Fp

Similarly,

NEW PAGE.
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SCA[cos(120°)cos(ebA) + sin(lZO“)sin(GbA)
Scal” (1/2) cos (GCA) + (¥3/2) sin (©pp) 1
quantities can be rewritten:

- (1/2)Pg, - (V3/2)Qy,

= - (1/2)p, + V3/2)Q,

real powver PA in line A (or at node A) can be

Pp = Pap ~ Pea

in the above equation:

SCAcos(120° -0 A)

o

(1/2)B., + (¥3)Q.,)

(1/2)Pp, - (Ji)QCA, {110-3)
PaB

(1/2)Pyp - (¥3)Qpp, (110-4)
Pae

(1/2)PBC - (J§)QBC, (110-5)
Qa

(1/2)Q., - (45/2)PCA, (110-6}
QABI

(1/2)Qpp - (4512)PAB, (110-7)

- 116 -
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O = Q¢p = e
Qea ¥ (1/2)QBC - (43/2)?Bc, {110-8)

The net power e, at two nodes of a three-phase delta connected load is
as follows:

Phase ABR:
Px(AB) = PA - PB’ {(110-9)
" In equation (110-4)} for line B, PB can be expressed as:
Ps = Ppc ~ Pap
= SBC[—{I/Z)cos(E%C) - (43/2)sin(BBC)} - PAB
= - PAB - (1/2)PBC - (43/2)QBC, (110-10)

Substitute Py and Pa in equation (110-9), equation for Px in phase AB is
obtained:

PoaB) = 2Pap T (1/2) (Bge + Pp) + (V3/2) (Qqp - Qcp) (110-11)

For phases BC and CA:

Prica) = 2P, + (1/2) (Pyp + Ppo) + (43/2)(QAB = Q) (110-13)

Similarly, Q can be shown as:

Opiapy = ~(2p + (1/2) (Qpe + Qcp) - (¥3/2) (Pyp = Bop)l,  (110-14)
Oy ac) = (2 + {1/2) (Qcp + Qup) = V3/2) (Bp, = Bpp)],  (120-15)
Qicay = =12Qo, + (1/2) (Qup + Qpe) - (J§/2)(9AB = Ppetle  (110-16)
Equations for capacitive loads, or mixed inductive and capacitive

loads can also be derived by assigning the proper sign to each phase angle
(negative for inductive loads and positive for capacitive loads) in

- 117 -
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determining the cosine and sine of (t 120° + ©). Therefore, for capacitive
loads, the signs of the last terms in equations (110-11) through (110-16)
should be reversed.

It should be noted that if these equations are divided by load voltage
V, similar expressions involving resistive and reactive components of
current will result. 1In some cases, the use of these equations may be more
convenient than the vector rotation method when currents are used in the
calculations.

For checking current carrying capacity of conductors, only the largest
phase apparent power (S) or (Sx) needs to be considered. The general
equations are:

J 2 2 | 2 2
S=JP + 0 s, =B, +0Q (110-17)
S Y[ 1 S P 1
I =— = _£__J ¢x=x =x] , (110-18)
v V] icos{8) v v cos(QK)
fP\ (P
a9 = cos-'1 — o = cos-1 —EJ, (110-19)
S x s
h X
or or
0 7
-1 (@ [0
® = tan 1z @ = tan 1 —E], (11-20)
X
\P) \P X

Qx is positive if Qx is positive.
©, is greater than 90° if P, is negative.

Recall the general voltage drop equation for three-phase lighting
systems derived in section 100:

zcos(ux)
D% = IXL —_—] * 100, {(100-17)

E
X

- 118 -
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Since,
Px = IXVcos(G%)

The current Ix is then:

P
I, = —x ’ (110-21)
Vcos (6 )
X
Substitution of Ix in equation ({100-17) gives:
1 zcos(ux)
D% = p.L * 100, (110-22)
Vcosfex) E:X :

From equation (110-22), a new drop factor is defined as:

1 zcos(ax)
DF! = * 100, (110-23)
Vcos(Bx) B

X

Finally,

D% = P_L(DF) (110-24)

For single-phase circuits, in equaticn (110-22), the parameters Ex,
Bor Gus and ©_become E, P, a, and © respectively. The percent voltage
drop for a single-phase circuit is then:

D% = 2PL(DF) (110-25)

1 zcos {a)
DF’ = * 100, {110-26)
Vcos (9) E

With,
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The computed drop factors for LSTSGU cables from equations (110-23) or
(110-26) are shown in table XVII. Now, let derive equation for D% in
function of watts (P) and vars (Q). Equation (110-18) can be written as:

Px = chostea), {(110-27)

Substitution of P in equation (110-22) gives:

S_Lzcos(®_)Jcos{a )
D% = [" X X ] * 100, (110-28)
Echos(ex)
S_Lzcos(a )
p$ = |[=— 2| * 100, (110-28)
Exv

Rewrite equation (110-28) as:

Sxchos(B t exy '
D% = * 100, {110-29)
EV
x
SxLz[cos(ﬁ)cos(ex) * sin(ﬁ)sin(G&)]
D% = * 100, {110-30}
E.V
X
Recall:
Px = chos(ex) , QX = stin(ex),
R = zcos{P), X = zsin(p)

After the substitution, equation (110-30) becomes:

L(RPx + XQX)
D% = * 100, {(110-31)
E

v
b4
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For lighting systems, let assume:
E, = 120v, vV = 115V
Equation (110-31) can be written as:
D% = (7.25) (107°)L(Re £ X0 ) * 100, (110-32)

For a single phase system, equation {110-31) becomes:

L(RP * XQ)
D = 2 |————| * 100, {110-33)
EV
The signs "™ + " and " - ™ are for inductive and capacitive

loads respectively. The values of R and X for different types of cables
can be found from Tables XI through XVII.
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120. DERIVATION OF VOLTAGE DROP EQUATIONS FOR THREE-PHASE FOUR-WIRE

SYSTEMS

Consider a three-phase four-wire (Wye) sysfem as shown below:

mi
a
D
—
2

Eop |
= L 2|
EBC
I,
o 4z |

Figure 6. Three-phase Four-wire System.

If the system i§ ba%anced, the voltage drops for all lines are the
same. For example, in line A, the percent drop is:

E.. -V
D,% ={ ANE AN] * 100, (120-1)
Or i AN
zcos(aA)
DA% = IL[—:;——~—} * 100, (120-2)
AN
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Where: v
1-1,= BN (120-3)
ZAN
a = -QA + B, (100-7)
With, Eay = (EAB/J§) = E, equation (120-2) becomes:
zcos(aA)
DA% = IL|—] * 100, {(120-4)
E
Or
DA% = IL(DF), {120-5)
With,

N

DF

zcos {a., )
_.._____A_ * 100
E

Now, let derive equations for the drop in each phase { the.drop in
phase A plus the drop in phase B ). From figure 6, the source voltage in
line A to line B is:

EAB VAN - VBN + Z(IA - IB), (120-53)

]

For Van = VAN(I/-120°),
Exp = Vay ~ AN(1/-120°) + z(IA - IB)
= VAN(l.S + j0.866) + Z(IA - I)
= VAN(J3/30°) + oI, - Ig)
Since VAB = VAN(4§/30°), equation (120-5} becomes:
EAB = VAB + 2 A" IB), (120-86)
Similarly:
Ege = Vo + 2(T5 - L)y (120-7)
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and

(120-8)

Note that equations (120-6), {120-7), and (120-8) are similar to

equations (100-4}, (100-5), and (100-6) in section 100.
currents I are computed from equation {(120-3), the currents I

After the line
and the

associated angles ©_ and o, can be determined in accordance with the

following equationsxas derived in section 100 :

Ieany = Ia ™ v

O ap) = 9° 7 LI, (amy-
@ aB) = %) *P
Ixiacy = Ig = I

O (acy = "120° - /I (pey—
e tec) - “C%@mcy t P
Teica) = Ic = Iar

O (cay = 120° - [T cny-
% (ca) = “Sca) t P

The percent drop in each phase is calculated from equation

{100-17) as derived in section 100:

zcos(ax)
D% = I L|—————|* 100,

E
X

With, zcos (a, )
DF = |———| * 100

E
X

Equation (100-17) reduces to:

D% = IxL(DF)
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S

130. DERIVATION OF VOLTAGE DROP EQUATIONS FOR UNBALANCED SYSTEMS BY
SYMMETRICAL COMPONENT METHOD -

For analyzing unbalanced circuit, all loads are assumed unequal.
Therefore, the currents in all phase loads are different. The symmetrical
component method is preferred here to analyze the network. To use this
method, it is convenient to keep the voltages, currents, and impedances in

phasor forms. The following figures represent a three-phase unbalanced
system and a three-phase unbalanced currents.

L
CT_. r“g"i_
Eca
Ere
I,
T Tz 1
E' [ . 1.—--.
0= iz J§
Source Line Unbalanced Lﬁdﬂ

Figure 7. Three-phase unbalanced system.
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BC

Figure §. Three-phase unbalanced currents.

Assume all three loads are unbalanced. The load currents are:

ITagl # Tgel # [T,

and
QAB * eBC * ebA

The line currents, as functions of load Currents at nodes A, B, and C of

figure 7, are determined from equations derived in section 100 as follows:

Iy = Ipp - Tepr (100-7)
TB = _éc -~ TAB, (100-8)
Tb = EEA - fﬁc' (100-9)

Rearranging equation (100-7) as follows:

ag = O/ {130-1)

ag — 0- {130-2)
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Substitution of equation (100-8) into equation (130-2) yields:

Iy +Ig+I.=0, o 1130-3)
Consider the zero sequence component of TA:
Tao = (/30 (1, + Iy + 1), (130-4)

Substitution from equation (130-4) gives:
Ing = 1/3)(0) =0,
By similar derivation:

Ing =1

80 = Igg = 0, (130-5)
Thus, in a three-phase delta system the zero sequence currents are zero.

Now, let calculate the positive and negative sequence components of the
line currents in term of current in phase AB.

[CQ1

Tﬁal

Loe

Figure 9. Positive sequence currents.
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I
£

Figure 10. Negative sequence currents.

Components of IA

From equation (306), the positive sequence current is:

In1 = Iap1 ™ Tcape

From fiqure 9:

Tear™ Ippy/120°

Substitution equation (130-7) into equation (130-6) yields:

In1 = Iag; = Inps

T,p; (1/0° - 1/120°)

/120°,

I

T, (1 + 0.5 - j0.866)

0

TABl(43/—30°),

| From equation (130-7), the negative sequence current is:

Ta2 = Inp2 = Icag
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From figure 10:

ICA2= I,.,/240°, (130-10)

AB2——
Substitution of equation (130-10) into equation (130-9) gives:

I,,=1

A2 I,.,/240°

AB2 = “ap2if-
I,pp(1/0° - 1/240°)

Tppo(l + 0.5 + 30.866)

= T,,,(V3/30), (130-11)

Components of lB

From equation (100-8), the positive sequence current is:

Iy = TBCl - IABl’ (130-12)

From figure 9:

Tac1= TA31/240°, (130-13)

Substitution of equation {13-13) into equation (130-12) yields:

Ip; = IABl/240° i Y

IABl(1/240° - 1/0°)

n

Ipp (-1 - 0.5 - 3.866)
= EABI(Ji/-150°), (130-14)

From equation {(100-8), the negative sequence current is:

Igp = Incz ~ Iager (130-15)
From fiqure 10:
Taco™ IAB2/120°, (130-16)
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Substitution of equation (130-16) into equation (130-15} yields:

| ;i

Il

IAB2/120° -1

B2 AB2
= T,5,(1/120° ~ 1/0°)
| — —
| Iy = Iyp,(-1 - 0.5 + §.866)

IABZ(J3/150°), (130-17)

‘ Components of Eé

| From equation (100-9), the positive sequence current is:

Ier = Iear = Ipeyr (130-18)
From fiqure 9:

ICAl ABl/120 {130-19)
‘ IBCl A31/240 {130-20)
Substitution of equations (130-19) and (130- 20} into equation (130-18)
| gives:
‘ Ty = Tpp/120° - T, /240°

IA81(1/120° - 1/240° )

fl

1,50 + 31.732)

h

I,g51 (V3/90°), {130-21)

From equation (100-9), the negative sequence current is:

Te2 = Teaz = Ipeor (130-22)

From figure 9:

Iopo= TABZ/240°, (130-23)

‘ BC2™ IABZ/120°, (130-24)
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Substitution of equations (130-23) and (130-24) into equation (130-22)
gives:

Iap = IABZ/240° - AB2/120°

IAB2(11240° - 1/12Q° )

i

IABZ(O - j1.732)
= T,,(¥3/-90°), (130-25)
Take phase AB as the reference, the line currents can be written in terms

of the sequence currents as follows:

-,

In = Ing ¥ Iap ¥ Inp

= Tpp, (V3/-30°) + T, (¥3/30°), (130-26)
I = Ig0t Ig1 * Ip

= TABl(JE/-150°) + TAB2(45/150°), (130-27)
I, =T..+1..+1

¢ “Tcot Tan* Ic2

Tppy (V3/20°) + T,

]

(¥3/-90°), (130~28)

To complete the above equations, the positive and negative sequence
currents of phase AB must be calculated. From figure %, it can be shown
that:

— _ — — 2__ _
Ippy= (M/3)(Iyp + alp, + @715,), (130-29)
- - 2= -
IA52= (1/3)(1AB + a IBC + aIcA)’ {130-30)
Where: 2
a = 1/120° , a® = 1/240°

Finally, to determine TI__, TB , and T, A’ the information supplied by
the systems must be used. Tﬁ%s information must consist of at least one of
the following sets:

Set 1:
e Power (P) in kW of each phase load with pf = cos(®).

- 131 -

NEW PAGE.



Downloaded from http://www.everyspec.com

MIL-HDBK-299(SH)
NOTICE 1
APPENDIX .

15 OCTOBER 1991

e Terminal load voltage (V) of each phase.

Then, _
I,g = [PAB/VABCOS(EEB’] /0° - s (130-31)
The = [Bye/Vgocos (@) 1/-120° - &, (130-32)
Tea = [Pea/Vepcos(e,)1/120° - @, , (130-33)
Set 2
® Load impedance (2;5) of each phase.
® Load terminal voltage (V) of each phase.
Then,
Tan = Vag/ Zppr : (130-34)
Tae = Vao! Zger {130-35)
Tea = Vea! Zppr (130-36)

Once the line currents I have been determined, the percent voltage
drop for each line can be calculated from equation (100-10) as derived in
section 100:

zCcos {a)
D% = IL|———] * 100, (100-10)
E

Where:
L : Cable length.
z : Conductor impedance per phase per foot.
E : Line-to-neutral source voltage.

a=-6+8§, {90-2)

In the above equation, © is the angle by which the line current I lags
the terminal load voltage, and it is calculated from equations (100-7),
(100-8), or (100-9) as derived in section 100.
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140. DERIVATION OF CABLE RESISTANCES AND REACTANCES

This section contains the derivation of cable resistances and
reactances used in tables XI through XVII. These cables reflect conductoer
diameters of standard American Wire Gage (AWG) in accordance with
MIL-C-24643.

140.1 Calculations of cable resistance. the ideal method of
obtaining accurate cable resistance and reactance is by test measurements.
In the absence of test data,these parameters can also be determined
mathematically.

The method used in this handbook is based upon the one specified in the
ASTM B 258 and ASTM B 8. This method may be used to calculate with
reasonable accuracy the resistances of any cables of
concentric-lay-stranded conductors. The overall approach is as follows:

e Calculate dc resistance at 20° Celsius for solid conductor using
ASTM B 258.

e Adjust for concentric-lay-stranded conductors using ASTM B 8.

e Adjust for temperature for which cable service will be designed.

e Adjust for ac resistance by multiplying the dc resistance by the
{ac/dc) resistance conversion ratio at any desired frequencies

(60/400 Hz}.

From the ASTM B 258, dc resistance at 20°C of conductor in ohm per
1000 feet is given by:

105.35 |2 (140-1)
R, = .35 |—— -
dc 6d2
Where:

Po = resistivity of conductor {copper) at 20°C

2

875.20 Q 1b/mile

8 = conductor (copper) density at 20°C
= 8.89g/cm°
d = conductor diameter in mil.
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Equation (140-1) becomes:
1

Rdc = 10371.46{};5] 9/1000ft, {(140-2)

From equation (140-2), R, resistances for type 5G equivalent solid
conductors are computed and shown in table XVIII below.

TABLE XVIII. D¢ Conductor Resistances at 20°C.

Designation Conductor Diameter (mil) Bdc (£V103ft)
56-3 50.79 4.021
5G-4 64.11 2.523
5G6-9 101.88 0.999
SG-14 114,41 0.792
5G-23 144.29 0.498
5G6-50 229,39 0.197
5G-75 . 289.289 0.124
5G-100 324,956 0.098
$G-150 409.63 0.062
5G-200 460.00 0.048
5G-300 547.72 0.035
5G-400 643.12 0.025

The data for these solid conductors must be adjusted for
concentric-lay-stranded SG conductors. Due to the lay stranded conductors,
the resistance per unit length of a stranded conductor will be slightly
greater than that for an equivalent diameter solid conductor. ASTM B 8
provides a mathematical method for deriving the multiplying factor that is
used to modify dc resistance of a solid conductor for an equivalent
concentric-lay-stranded conductor. A lay factor (m, .) is determined for
each wire in a concentric-lay-stranded conductor from:

mog =\ 1+ (9.8696/n%), (140-3)

Where:
n = length of lay/diameter of wire helical path.
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The lay factor (m) for the complete stranded conductor is the
numerical average of the lay factors (m, .) of the individual wires in the
conductor. Finally, the increment factor K is calculated from:

K= (m-1) * 100, {140-4)

K is the percentage increase in resistance of a solid conductor for an
equivalent concentric-lay-stranded conductor. In lieu of performing many
calculations based upon detailed conductor geometry, which would be
required by the above method, an increment factor of 2 percent will be used
in accordance with table 3 of ASTM B 8. Therefore, the
concentric-lay-stranding of a solid conductor results in a nominal increase
in electrical resistance of 2 percent. The previous tables for dc
resistance of solid conductors can be used to generate a table for
concentric-lay~-stranded conductors by applying this increment factor.

TABLE XIX. Dc Stranded Conductor Resistances at 20°C

Designation Number of Strands Ry (@/10%%¢)
56-3 7 4.101
5G-4 7 2.573
5G-9 7 1.019
SG-14 7 0.808
56-23 7 0.508
5G-50 19 0.201
56-75 37 0.126
56-100 61 0.100
56-150 61 0.063
5G-200 61 0.050
56-300 91 0.036
5G-400 127 0.026

Next, Rd must be adjusted to the designed temperature of cable
service. ReSistance (R,) at a selected temperature (L) can be calculated
from the following equation:

Rt = Rto[l + 0.00383.(t - 20)1, (140-5]

-

Where:

Rto = wire resistance at 20°C,.
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£

I

temperature at which resistance is required.

{0.00393) temperature coefficient of resistance at 20°C.

At t = B5°C:

= [1 + 0.00393(65 - 20)]

to 1.177

Therefore, resistances in the preceding table must be multiplied by
the above ratio to yield the dc resistances at 65°C. The following results
are obtained:

TABLE XX. Dc stranded conductor resistances at 65°C

. . 3
Designation Bdc ( ©/107 £t)
SG~3 4.827
S5G-4 3.028
SG-9 1.199
5G-14 0.951
SG-23 0.598
SG-50 0.237
SG-75 0.148
5G-100 0.118
SG~150 0.074
SG-200 0.059
5G-300 0.042
5G-400 0.031

Similarly, the (Rt/RtOJ ratio at 45°C is as follows:

Ry

Rto

[1 + 0.00393(45 ~ 20y
1.008
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The dc stranded-conductor resistances at 45°C for various cables are
tabulated below:

TABLE XXI. Dc stranded conductor resistances at 45°C

\ . 3
Designation Bdc {0/107£t)
5G-3 4.503
5G-4 2.825
5G-9 1.119
5G-14 0.887
SG-23 0.558
SG-50 0.221
5G-175 0.138
5G-100 0.110
SG-150 0.069
SG-200 0.055
SG-300 0.040
SG-400 0.029%

The dc resistances must be converted to ac resistances. The
converting factor known as the skin effect ratio (SER) is determined as
follows:

Determine the factor F:

F = 0.0635598J(fp/R), (140-6)

Where,
f = System frequency.
B = Wire permeability.
R = Dc resistance in Q/mile.

Equation (140-6) can be rewritten as:

F=0.027677 { £f/R, (140-7)
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‘ Where the wire permeability u is assumed equal to 1.0000 and the dc
resistance R is in ohm per 1000 feet. Then, from the table below, the skin
effect ratios are determined.

TABLE XXII. Skin effect ratio

F SER F SER F SER
\ 0.0 1.00000 1.3 1.01470 2.6 1.20056
0.1 1.00000 1.4 1.01969 2.7 1.22753
0.2 1.00000 1.5 1.02582 2.8 1.25620
0.3 1.00004 1.6 1.03323 2.9 1.28644
0.4 1.00013 1.7 1.04205 3.0 1.31809
0.5 1.00032 1.8 1.05240 3.1 1.35102
‘ 0.6 1.00067 1.9 1.06440 3.2 1.38504
| 0.7 1.00124 2.0 1.07816 3.3 1.41999
| 0.8 1.00212 2.1 1.09375 3.4 1.45570
\ 0.9 1.00340 2.2 1.11126 3.5 1.49202
1.0 1.00519 2.3 1.13069 3.6 1.52879
1. 1.00758- 2.4 1.15207 3.7 1.56587
1.2 1.01071 2.5 1.17538 3.8 1.60314

With R c given in the previous tables, the ac resistance at 60 Hz and
400 Hz can ge determined using the ac to dc resistance ratios in the
following table:

TABLE XXIII. Dc to ac resistance conversion ratios

Designation Ac/dc Ratio Ac/dc Ratio

at 60 Hz at 400 Hz
5G-3 1.000 1.000
5G-4 1.000 1.000
5G-% 1.000 1.000
S5G-14 1.000 1.000
5G-23 1.000 1.000
SG-50 1.000 1.000
5G-75 1.000 1.033
| SG-100 1.000 1,052
5G-150 1.000 1.111
5G-200 1.000 1.175
5G-300 1.007 1.286
S5G-400 1.015 1.456
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Therefore, ac resistance of conductors at 60/400 Hz and at any
temperatures can be calculated by multiplying the appropriate {ac/dc}
resistance conversion factors by the Ry of concentric-lay-stranded

. . [
conductors in the previous tables.

TABLES XXIV. Ac resistance for SG conductors at 65°C

Designation R, at 60 Hz R, at 400 Az
(9/10°£t) (0/103£t)
56-3 4.827 4.827
5G-4 3.028 3,028
$G-9 1.199 1.199
SG-14 0.951 0.951
$G-23 0.598 0.598
5G-50 0.237 0.237
$6-75 0.148 0.153
5G-100 0.118 0.124
5G-150 0.074 0.082
SG-200 0.059 0.069
SG-300 0.042 0.054
5G-400 0.031 0.045

TABLES XXV. Ac resistance for SG conductors at 45°C

Designation R, at 60 Bz R at 400 Hz
(/107 £t) (/103 £t)
5G-3 4.503 4.503
5G-4 2.825 2.825
5G-9 1.199 1.199
SG-14 0.887 0.887
56-23 0.558 0.558
5G-50 0.221 0.221
56-75 0.138 0.143
SG-100 0.110 0.116
5G-150 0.069 0.077
5G-200 0.055 0.065
SG-300 0.040 0.051
SG-400 0.029 0.042
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These resistance values are used in tables XI through XIV, and XVI
through XVII. For type 6SG cables in table XV, two conductors are in
parallel for each phase. Therefore, the resistance per phase is half of
the ac resistance {400 Hz) calculated earlier at the required designed
temperature of 65°C. The resulting resistances are shown in table XXVI.

TABLE XXVI. Ac resistance for 6SG conductors at 65°C

Designation R c 2t 400 Hz
(0/107¢t)
65G-100 0.062
65G6-125 0.0438
65G-150 0.041
65G-200 : 0.035

140.2 Calculations of cable reactances. The determination of cable
reactances is relatively complicated since the reactances are not only
dependent upon the geometry of conductors in the cable, but also on the
external environment of the cable, e.g., conducting armor material and
closeness to surrounding steel. Below are the step-by-step calculations
for cable reactances per phase. These calculations give a reasonable
estimate of the total cable reactances. The actual reactances will differ
slightly when all magnetic effect are considered, and only for larger
cables at high frequencies, '

Step 1.
Determine the conductor geometric mean radius (GMR) as follows:
GMR = 0.779(d/2), (140-8)
Where d is the conductor diameter.
Step 2.
Determine the conductor geometric mean distance (GMD) as follows:

3

GDM = + DABDBCDCA {140-8)
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Where,
DAB : Distance between centers of conductors A and B.
DBC : Distance between centers of conductors B and C.
DCA : Distance between centers of conductors C and A.
Step 3.

Determine the reactance per phase as follows:
X = 0.05292(f/60)log10(GMD/GMR) Q/1000£t, (140-10)
Where £ is the frequency at which the reactance is calculated.
From equation {140-10} with conductor characteristics listed in

MIL-C-24643 the following tables for reactances can be generated.

TABLE XXVII. Reactances for SG conductors

Designation GR @D  Xat 60 Bz X at 400 Bz
(/107 ¢t) (©/103£t)
$G-3 0.0198  0.1300 0.0432 0.2883
5G-4 0.0250  0.1430 0.0401 0.2672
SG-9 0.0397  0.1870 0.0356 0.2374
5G-14 0.0446  0.2620 0.0407 0.2713
5G-23 0.0562  0.3100 0.0392 0.2616
$G-50 0.0893  0.3340 0.0303 0.2021
5G-15 0.1127  0.4070 0.0295 0.1967
5G-100 0.1266  0.4530 0.0293 0.1953
5G-150 0.1596  0.5570 0.0287 0.1915
5G-200 0.1792  0.6340 0.0290 0.1936
SG-300 0.2133  0.7480 0.0288 0.1922
5G-400 0.2463  0.8620 0.0288 0.1919

Again, the reactances for 6SG conductors are equal to half of the SG
conductor reactances as shown in Table XXVIII.
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TABLE XXVIII. Reactances for 6SG conductors at 65°C

Designation X at 400 Bz
(©/103£t)
£5G-100 0.0977
65G-125 ’ 0.0974
6SG-150 _ 0.0958
65G-200 0.0968
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