Determining Cable Sizes and
Protection in an Off grid PV System

CABLE SIZING

CURRENT CARRYING CAPACITY - CCC

« Current carrying capacity is defined as the amperage or the
current a conductor can carry before deteriorating or before
its insulation is affected.

» Generally, these values could be obtained from cable
manufacturers for a particular cable

» They are subject to derating factors based on the method
of installation, grouping, temperature and other external
factors.
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PV CABLE SIZING

TYPICAL PV CABLE - CCC

Electrical Characteristics
ConductorSize | Voltagedrop i Conductor Resistanc
i v/ An (exposed) MOkn kn @20
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SELECTION OF CURRENT CARRYING
CAPACITY OF PV STRING CABLES
If a fault current protection device is located in the string
cable, the string cable must have a rating equal to or
greater than the current rating of the fault current protection
device. For example, if the fault current protection device is

rated at 8A, the string will need to be rated with a current
carrying capacity (CCC) of a minimum of 8A.

SELECTION OF CURRENT CARRYING
CAPACITY OF PV STRING CABLES

« If no fault current protection is provided, the current
carrying capacity (CCC) of the string cable will be rated
according to:

CCC 21.25 x Isc mop * (Number of parallel connected Strings - 1) + I,

where

|y is the current rating of the nearest downstream overcurrent protection
device.

SELECTION OF CURRENT CARRYING CAPACITY
OF PV ARRAY CABLES

If a fault current protection device is located in the array
cable, the array cable must have a current rating equal to
or greater than the current rating of the fault current
protection device.

If no fault current protection device has been included, the
current carrying capacity of the PV array cable will be rated
according to:

CCC 21.25 % Isc arRrAY

PV CABLE PROTECTION

SOLAR ARRAY DC CABLE PROTECTION

Each solar module has a maximum reverse current rating
provided by the manufacturer.

If the array consists of parallel strings such that the reverse
current flow into a string with a fault can be greater than the
maximum reverse current for the modules in that string,
then protection shall be provided in each string.

The protection to be used shall be dc rated fuses that meet
the specification shown in 18.2 of the guideline.

WORKED EXAMPLE

The reverse current rating for a module is 15A while the short

circuit current is 8.9A.

If the array consists of two (2) parallel strings and a fault
occurs in one (1) string then the potential fault current will
come from the other one (1) string which is only 8.9A and is
less than the reverse current rating so no protection is

required.

NO PROTECTION REQUIRED
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WORKED EXAMPLE

However, if the array consists of three (3) parallel strings and
a fault occurs in one (1) string then the fault current could
come from the other two (2) strings.

This current is 17.8A (2 x 8.9A) and is now greater than the
reverse current rating of the module. Protection is now
required.

WORKED EXAMPLE

* A formula for determining the maximum number of strings
allowed before fuses are required is:

Maximum Number of Strings without string protection
= reverse current rating of a module/ls. of the module

* So in the example; Max Number of strings = 15/8.9 = 1.69
rounded up to 2.

PV FUSES

Fuses used in PV arrays shall —

(a) be rated for dc use;

(b) have a voltage rating equal to or greater than the PV array
maximum voltage determined in section 5 of the guidelines;
(c) be rated to interrupt fault currents from the PV array; and
(d) be of an overcurrent and short circuit current protective

type suitable for PV complying with IEC 60269-6 (i.e. Type
gPV) or the equivalent through the NEC.

STRING PROTECTION

The fuses shall have the following current rating:

1.5 X Iscof module < ITR1p < 2.4 X lsc of module
and

Fuse Rating < Irc of moduie

*  Where

* s otmoduie= Module short circuit current
« e = rated trip current of the fault current protection device.
*  Ircof module= Module reverse current rating

Note : For countries following NEC the requirements are:
0 Minimum fuse rating 1.56 x ls; of module(string)

o Maximum fuse rating less than reverse current rating of the
module(string)

ARRAY CABLE PROTECTION

« Array overcurrent protection is designed to protect the
entire PV array from external fault currents.

« For off grid systems this can only occur in dc bus systems
when the solar controller (switching type solar controller or
MPPT) allows fault current from the battery bank to back-
feed through the controller.

ARRAY CABLE PROTECTION

« Ifarray overcurrent protection is required for a system, the
nominal rated current for the overcurrent protection device
will be as follows:

1.25X Isc —ARRAYS ITRIP < 2.4 X Isc ARRAY
Where:
e lscarray = short-circuit current of the array.
| = rated trip current of the fault current protection device.

Note : For countries following NEC the requirements are:
— Minimum fuse rating 1.56 x I of array)
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EXAMPLE 1
An array consists of 3 parallel strings. These connect to a
controller and then to a battery bank. For this exercise,
assume the main battery protection is not sized to protect
the array cable. Each string has 2 modules in series, with
the following characteristics:
* Viom =24V (Vo =44.2 and Vi = 38.8)
o s =5.4A

* lmod reverse=15A

What size array cable and array fuse are required?

EXAMPLE 1

A table showing current carrying capacities of different cable sizes has been
provided to assist you.

Table 1: Current carry capacities of cables

Conductor Size (mm?) | Current Rating (A) Voltage Rating (VDC)
25 21 1000
4 27 1000
6 34 1000
10 48 1000
16 63 1000

SOLUTION

Array Protection
* Must be between 1.25 and 2.4 times the array short circuit
current (from

» Hence: Minimum fuse size = 1.25 x 3 x 5.4 = 20.25A
Maximum fuse size = 2.4 x 3 x 5.4 = 38.88A

» The fuse chosen is 30A.

Array cable

 The circuit protection can be smaller than the current carrying
capacity of the cable but never larger.

* Thus, the cable chosen from Table 1 is 6mm2 with a CCC of
34A.

VOLTAGE DROP

DETERMINING THE SIZE OF THE DC AND AC
CABLES

The cables in an installation must be sized correctly so
that:

1. there are not excessive voltage drops (also
corresponding power loss) in the cables;

2. there is not excessive current through the cables
compared with the safe current handling capability
of the cables; and

3. maximum voltage rating of any cable is never
exceeded

VOLTAGE DROP

Why do we care?
» Power losses in cables
+ Voltage rise

Voltage Drop in a wire is a function of three parameters :
 conductor cross sectional area ( mm?),

* length of wire; and

+ current flow in the wire.
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RESISTIVITY

» The resistivity, p, varies dependent of the type
of material.

» For copper the resistivity is 0.0183, while for
aluminium it is 0.0294.

* Note: it can be slightly different for some cables
depending on number of strands etc.

25

VOLTAGE DROP

+ The voltage drop between the PV array and the battery
bank should never exceed 5%

* The voltage drop between the battery bank and any DC
load should never exceed 5%

* The voltage drop between the PV array and Solar
Controller should never exceed 3% (dc bus)

* The voltage drop between the PV array and PV inverter
should never exceed 3% (ac bus)

CALCULATING VOLTAGE DROP (METRIC) FOR
SYSTEMS THAT INCLUDE PWM SOLAR
CONTROLLERS

* The voltage drop along a cable is given by:
2 X LeapLe XI X p

Vv, =
¢ A cABLE
« Voltage drop (in percentage) = vadtt x 100

Where:

»  LcasLe = route length of cable in metres (multiplying it by two adjusts for total circuit wire
\en?ﬁ; since a complete circuit requires a wire out and another wire back along the
route).

« | =currentin amperes.

«  p = resistivity of the wire in Q/m/mm?

* AchsLe = cross sectional area (CSA) of cable in mm2,

* Vhatt = the nominal voltage of the battery which is the dc system voltage.

WORKED EXAMPLE

A solar array has been installed and the distance between the
output of the array and the solar controller is 10 metres. The
short circuit current of the array is 9.6A.

+ The cable has a cross sectional area of 10 mm?

+ The cable is copper with a resistivity of 0.0183
ohms/metres/mm?

* The battery voltage of the system is 12V .

WORKED EXAMPLE SOLUTION

2 X LeapLe XI X p
T Aomr
CABLE

= (2x10x9.6x0.0183)/10V
=0.35

Voltage Drop in percentage = —2— x 100
Batt

v

=0.351/12 x 100
=2.9%

CALCULATING VOLTAGE DROP (METRIC) FOR
SYSTEMS THAT INCLUDE A MPPT

The voltage drop along a cable is given by:

2 X Lepgg X IXp

d
A caBLE

9_x100

Voltage drop (in percentage) = V‘;AX

Where:

*  LeasLe = route length of cable in metres (multiplying it by two adjusts for total circuit wire
length since a complete circuit requires a wire out and another wire back along the route).

« | =currentin amperes.

- p=resistivity of the wire in Q/m/mm?

 AcasLe = cross sectional area (CSA) of cable in mm?2.

«  Vmax = maximum line voltage in volts
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WORKED EXAMPLE

A solar array has been installed and the distance between the
output of the array and the solar controller is 10 metres. The

short circuit current of the array is 9.6A.
« The cables has a cross sectional area of 4 mm?

* The cable is copper with a resistivity of 0.0183
ohms/metres/mm?

* The array has maximum power point voltage of 154.4V.

WORKED EXAMPLE SOLUTION

2 X LCABLE xXI X p
A T Aame
CABLE
=2x10x9.6x0.0183/4V

=0.88V

Voltage Drop in percentage = x 100

= 0.88/154.4 x 100
=0.57%

MAXIMUM DISTANCE IN METRES TO PRODUCE
5% VOLTAGE DROP (12V SYSTEM)

lm-——mz-
64 246 1639 zezs
82 123 205 3ze 492 8 1314
B 55 82 137 219 328 546 874
N 6.1 102 164 246 410 656
B :: 49 82 131 197 328 525
N 41 68 109 164 273 237
23 35 59 94 141 24 375
P 2o 31 51 82 123 205 328
D s 27 46 73 109 182 291
R s 25 41 66 98 164 2%2

P s 22 37 60 89 149 28
P 20 34 55 82 137 219
3 | 19 32 50 76 126 202
4 | 18 29 47 70 "7 187
[15 | 16 27 44 66 109 175
[16 | 15 26 41 61 102 164
24 39 58 96 154
[18 | 25 38 55 91 146
[0 | 22 35 52 88 18
[0 | 20 33 49 82 11

MAXIMUM CABLE LENGTHS IN METRES FOR 12V

SYSTEM 3% VOLTAGE DROP
mmmm

N e 148 246 393 500 1574
2 ) 74 123 197 25 492 787
33 49 82 81 197 28 525

N s 37 61 98 148 246 303
B 20 30 49 79 18 197 315
N s 25 41 66 98 164 262
14 24 35 56 84 w1 25

12 18 31 49 74 123 197
P 16 27 14 66 109 175
[0 KN 15 25 39 59 98 157
09 13 22 36 54 89 143

P o5 12 20 33 49 82 131
13 | 11 19 30 45 76 121
14 | 11 18 28 42 70 12
[15 | 10 16 26 39 66 105
[16 | 09 15 25 37 6.1 98
7 | 14 23 35 58 93
(12| 14 22 33 55 87
(10 | 13 21 31 52 83
(20 | 12 20 30 49 79
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CALCULATING VOLTAGE DROP (IMPERIAL) FOR
SYSTEMS THAT INCLUDE A PWM SOLAR
CONTROLLER

+ This section is for systems that are using switching type (e.g. PWM) solar
controllers.

+ To determine the voltage drop the following formula is used. The equation is
derived from Ohm’s Law i.e. V=IR:

Ix2xd [3)

= X
10001/ Kt | Kt
Where:
\ = voltage drop
d = route length of dc cable in feet (2 x adjusts for total circuit wire length)
| = dc current in amperes (commonly Inp)
Qlkft = ohms/thousand feet (resistance)

Voltage drop (in percentage) = Vd x 100

CABLE RESISTANCE FOR UNCOATED COPPER
CABLE AT 75°C (167°F) - NEC

Wire Size dc Resistance ac Resistance
(AWG) (Ohms per 1000 feet) (Ohms to neutral
per 1000 feet)




WORKED EXAMPLE

Asolar array has been installed and the distance between the
output of the array and the inverter is 33 feet. The short circuit

current of the array is 9.6A.

* The cable is AWG 6

* The battery voltage of the system is 12V .

* From Table 4 (previous slide), the dc Resistance in Ohms
per 1000 feet =0.491

WORKED EXAMPLE SOLUTION

Therefore:

Ix2xd Q
V=X 7]
1000t/ kft | kft

=9.6 x2x33x0.491/1000 V

=0.311V
Voltage Drop (in percentage) = x 100
= 0 311/12 x 100
=2.6%
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CALCULATING VOLTAGE DROP (IMPERIAL)
FOR SYSTEMS THAT INCLUDE A MPPT

+ This section is for systems that are using Maximum Power Point Trackers (MPPT)
as the solar controller (dc bus) or a PV inverter that includes an MPPT controller
(ac bus).

+ To determine the voltage drop the following formula is used. The equation is
derived from Ohm’s Law i.e. V=IR:

=

Ix2xd [Q]

WORKED EXAMPLE

A solar array has been installed and the

distance between the output of the array and the

inverter is 33 feet. The short circuit current of

the array is 9.6A.

* The cable is AWG 10

* The array has maximum power point voltage
of 154.4V.

» From Table 4, the dc Resistance in Ohms per
1000 feet =1.24

= x| —
10004/ Kft | Kt
Where:
Va = voltage drop
d = route length of dc cable in feet (2 x adjusts for total circuit wire length)
| = dc current in amperes (commonly Imp)
QIlkft = ohms/thousand feet (resistance)
Voltage drop (in percentage) = X 100
Therefore:

,_ Ixaxd (@
1000 kit

=9.6 x2x33x1.24/1000 V
=0.786V

Voltage Drop (in percentage) =

x 100
MAX

= 0786/1544x 100
=0.51%

MAXIMUM DISTANCE IN FEET TO PRODUCE 5%
VOLTAGE DROP (12V SYSTEM)

Wle Slze-
mmmmm

54.26 86.23 137.05 217.87 346.56 550.98 694.92
2113 4311 68.52 108.93 173.28 27549 347.46
18.09 2874 45.68 7262 115.52 183.66 23164
1357 21.56 34.26 5447 86.64 137.76 17373
10.85 17.25 2741 4357 69.31 110.20 138.98

9.04 1437 2284 36.31 57.76 91.83 115.82
775 12.32 19.58 3112 4951 78.71 9927

6.78 1078 17.13 2123 4332 68.87 86.86.

6.03 9.58 15.23 2421 3851 61.22 2

543 862 1370 279 3466 85.10 69.49
4.93 7.84 1246 19.81 31.51 50.09 6317
4.52 719 1142 18.16 2888 4592 57.91

417 6.63 10.54 16.76 2666 4238 5346
388 6.16 979 15.56 2475 3936 4964
362 575 9.14 14.52 2310 36.73 4633
339 539 857 13.62 2166 34.44 4343
3.19 5.07 8.06 12.82 20.39 3241 40.88
301 479 761 1210 19.25 3061 3861
286 4.54 721 11.47 18.24 29.00 36.57

2n 431 6.85 10.89 17.33 2755 3475




MAXIMUM DISTANCE IN FEET TO PRODUCE 3%
VOLTAGE DROP (12V SYSTEM)

-mm--M@m
AWG (mm?) | (2.08) (836) | (13.29)

3256 51.74 8223 13072 20793 330590 41695
16.28 2587 4111 6536 10397 16530 20848
10.85 17.25 2741 4357 69.31 110.20 138.98
8.14 1293 2056 3268 51.98 8265 104.24
651 10.35 16.45 2614 4159 66.12 83.39
543 8.62 1370 2179 34.66 56.10 69.49
485 7.39 1.76 18.67 2970 4123 59.56
407 647 10.28 16.34 2599 41.32 5212
362 5.75 9.14 14.52 2310 36.73 46.33
326 5.17 8.22 13.07 2079 33.08 41.70
296 470 748 11.88 18.90 30.05 37.90
2n 431 6.85 10.89 17.33 2755 3475
250 398 6.33 10.06 15.99 2543 3207

23 370 587 93 148 2361 2978
217 345 548 871 138 2204 2180
203 32 514 817 1300 2066 2606
192 304 484 769 1223 1945 2453

144181 287 457 726 M5 183 216
TR 108 171 272 43 688 1094 1740 2194
PR 102 163 259 4Mm 654 1040 1653 2085

EXAMPLE - VOLTAGE DROP METHOD WHEN
SELECTING CABLE (PWM Controller)

Cable length = 12m between solar array
and standard controller

Array current = 30A

System voltage = 24V

Using copper wire — resistivity = 0.0183

Maximum allowable voltage loss = 3%
(0.03)
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EXAMPLE - VOLTAGE DROP METHOD WHEN
SELECTING CABLE (PWM Controller) SOLUTION

Minimum cross-sectional area =
2x12x30x0.0183
0.03x 24
=18.3 mm?
Choose the next size of cable ABOVE this — 25mm
squared.
Next, we have to check that the 25mm sq. cable can
carry 30A.
Upon checking CCC tables, it can carry more than
30A, therefore 25 sq. should be ok.

EXAMPLE - VOLTAGE DROP METHOD WITH
MPPT (MPPT Controller)
Cable length = 10m between solar
array and MPPT controller
Array current = 27.3A
Vmpp of array= 92.1V
Using copper wire — resistivity = 0.0183
Maximum allowable voltage loss = 3%
(0.03)

EXAMPLE - VOLTAGE DROP METHOD WITH
MPPT (MPPT Controller)

Minimum cross-sectional area =
2x10x27.3x0.0183
0.03x92.1
= 3.61 mm?

Choose the next size of cable ABOVE this —
4mm squared.

Check CCC. Upon checking CCC of 4mm
sq. cable, it was found that 4mm sq cable
can carry around 32A, therefore ok.

CABLE SIZING BETWEEN STANDARD SOLAR
CONTROLLER AND BATTERY
» The cables between the standard solar controller and the

battery shall have a voltage rating greater than the
maximum voltage rating of the battery when being charged.

* The current carrying capacity of the cable between the
controller and battery shall be capable of carrying the
maximum charge current from the array.

» The dc current rating of the associated over-current
protection shall not be greater than that of the cable.




EXAMPLE

» The distance between standard controller and battery is
2m. The maximum charge current is 30A. What size cable

is appropriate?

EXAMPLE SOLUTION

+ Cable must meet both CCC and voltage drop .

* A cable that can carry the maximum charge current of 30A,
from CCC tables, a 4mm sq. cable is appropriate,
Alternatively, we can also use the voltage drop method
here.

 We then determine the voltage drop present in the cable, if
it exceeds say 3%, we can increase the cable size to
reduce the voltage drop.

CABLE SIZING BETWEEN MPPT CONTROLLER
AND BATTERY

« The current carrying capacity of the cable between the
controller and battery shall be capable of carrying the
maximum charge current from the MPPT.

* The dc current rating of the associated over-current
protection shall not be greater than that of the cable.

« Ifitis an non-seperated MPPT (all are at moment) the
cable needs voltage rating greater than the Voc of the
array.

CABLE SIZING BETWEEN BATTERY AND BATERY
INVERTER (IF APPLICABLE)

* The current carrying capacity of the cable between the
battery bank and the battery inverter shall be capable
of carrying the maximum current based on either the 30
minute power rating of the inverter (if provided) or the
continuous power rating of the inverter.

» The dc current rating of the associated over-current
protection shall not be greater than that of the cable

EXAMPLE

* The continuous rating of inverter of an inverter is 2000W.
The surge rating is 4000W. The system voltage is 24V and
the inverter efficiency is 90%. What size cable is required
between battery and inverter if the distance is 3m?

* | cont=(2000/(24 x 0.9)) = 92.59 A

* |surge = (4000/(24 x 0.9)) = 185.19A

EXAMPLE SOLUTION

If we size using surge current, it will lead to a bigger cable
size. Assuming that cables have the capacity to take surge
currents for few seconds, we can just use the continuous
rating.

» We can thus use a 25mm sq. cable that meets this current

requirement.

» We need to check for the percentage voltage drop as a
matter of check.
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SYSTEM CABLE PROTECTION and
ISOLATION

PROTECTION REQUIREMENTS IN SYSTEM

« Allcables shall be electrically protected from fault currents that could occur.
* dc bus-Simple dc only system

Notes:

1. A PV array dc switch disconnector is recommended because it helps with maintenance and
troubleshooting. However many standards allow the battery bank switch fuse to meet the isolation
requirement. A switch disconnector will be required to be a protection device (e.g. a non polarised
dc circuit breaker) if the battery bank fuse ratings are greater than the current carrying capability of

the PV array cables and the solar controller allows back feed from the battery bank.

dc BUS - LARGER dc ONLY SYSTEM

dc BUS-LARGER dc ONLY SYSTEM

Notes
1. String fusing is required if the potential fault current is
greater than the reverse current rating of the PV module.

2. The PV array dc switch disconnector is recommended
because it helps with maintenance and troubleshooting
although many standards allow the battery bank switch
fuse to meet the isolation requirement. The switch
disconnector will be required to be a protection device
(e.g. a non polarised dc circuit breaker) if the battery bank
fuse ratings are greater than the current carrying
capability of the PV array cables and the solar controller
allows back feed from the battery bank.

dc BUS-LARGER dc ONLY SYSTEM

Notes

3. Batteries in parallel each require their own isolation and protection devices.

Over-current protection is required for the battery bank cable when the current-

carrying capacity of the battery bank cable is less than the sum of all individual
battery over-current protection devices. A battery bank switch disconnecting
device is recommended because it allows the disconnection of the complete
battery bank via the one switch disconnector.

4. The loads dc switch disconnector is recommended because it helps with
maintenance and troubleshooting although many standards allow the battery
bank switch-fuse to meet the isolation requirement. The switch disconnector
will be required to be a protection device (e.g. a non polarised dc circuit
breake(g if the battery bank fuse ratings are greater than the current carrying
capability of the load cables.

dc BUS WITH dc AND ac LOADS

5/7/19
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dc BUS WITH dc AND ac LOADS

Notes:

1. String fusing is required if the potential fault current is greater
than the reverse current rating of the PV module.

2. The PV array dc switch disconnector is recommended
because it helps with maintenance and troubleshooting although
many standards allow the battery bank switch fuse to meet the
isolation requirement. The switch disconnector will be required
as a protection device (e.g. a non polarised dc circuit breaker) if
the battery bank fuse ratings are greater than the current
carrying capability of the PV array cables and the solar
controller allows backfeed from the battery bank.

dc BUS WITH dc AND ac LOADS

« Notes:

3. Batteries in parallel each require their own isolation and
protection devices. Over-current protection is required for the
battery bank cable when the current-carrying capacity of the
battery bank cable is less than the sum of all individual battery
over-current  protection devices. A battery bank switch
disconnecting device is recommended because it allows the
disconnection of the complete battery bank via the one switch
disconnector. Sometimes this might be a four (4) pole device to
allow different size fuses to protect the inverter cable and the solar
controller cable which will be generally be different cross sectional
areas (or gauges)

dc BUS WITH dc AND ac LOADS

Notes:

4. The loads dc switch disconnector is recommended because it
helps with maintenance and trouble shooting although many
standards allow the battery bank switch-fuse to meet the isolation
requirement. The switch disconnector will be required to be a
protection device (e.g. a non polarised dc circuit breaker) if the
battery bank fuse ratings are greater than the current carrying
capability of the load cables.

5. A separate ac load disconnector is required if the battery
inverter does not have a switch disconnector on the ac output. This
will be required as a protection device (e.g. an ac circuit breaker)
for protecting the ac load cable.

ac BUS WITH ac LOADS

ac BUS WITH ac LOADS

Notes:

1. String fusing is required if the potential fault current is greater
than the reverse current rating of the PV module.

2. APV array dc switch disconnector is required but it can be part
of the inverter

3. Batteries in parallel each require their own isolation and
protection devices. Over-current protection is required for the
battery bank cable when the current-carrying capacity of the
battery bank cable is less than the sum of all individual battery
over-current protection devices. A battery bank switch
disconnecting device is recommended because it allows the
disconnection of the complete battery bank using only one
switch disconnector.

ac BUS WITH ac LOADS

Notes:

4. A separate ac bus interactive inverter disconnector device
is required if the battery inverter does not have a switch
disconnector on the ac output. This will be required to be a
protection device (e.g. ac circuit breaker) for protecting the ac
load cable.

5/7/19
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BATTERY CABLE PROTECTION- dc BUS - dc
LOADS ONLY

» For dc bus systems with dc loads only, as shown in
previous Figures , the only battery cables are those
between the battery bank and the controller. The protection
devices will be rated to allow the maximum charge
current provided by the solar controller and the
maximum dc load current that is to be provided by the
solar controller.

BATTERY CABLE PROTECTION- dc BUS - ac
AND dc LOADS
* dc bus systems with ac and dc loads as shown in previous

Figure can potentially have two different sized battery
cables:

« the battery cable between the battery bank and the solar
controller.

* The battery cable between the battery bank and the battery
inverter.

BATTERY CABLE PROTECTION- dc BUS - ac
AND dc LOADS

* The protection devices for the cable connected to the solar
controller from the battery will be rated to allow the
maximum charge current provided by the solar controller
to the battery and the maximum dc load current that is to be
provided at the output of the solar controller, whichever is
larger. This protection device will need to be suited for
motors of there are any dc motors connected to the system.
These fuses are a specific type to allow for the motor surge
capability.

* The protection device for the battery cable to an inverter
will be determined via the process defined in section 18.13

BATTERY CABLE PROTECTION - ac BUS

+ Systems with an ac bus as shown in previous Figure only
have one set of cables from the battery bank and that is to
the battery inverter.

« The protection device for the battery inverter will be
determined via the process defined in section 18.13

BATTERY CABLE PROTECTION- BATTERY
INVERTER

To select the appropriate battery protection for the cable to the
battery inverter:

 Obtain the battery inverter manufacturer’s data of:
o Continuous power rating (Watts )
0 3 to 10 second surge rating (Watts )
0 Average inverter efficiency (%)

* Obtain Time-Current characteristics for the overload protection
to be used.

[All manufacturers publish time-current information for their circuit

breaker and HRC fuse ranges]

BATTERY CABLE PROTECTION- BATTERY
INVERTER

+ For each inverter power rating determine the current drawn
from the battery bank using:

| =_Inverter Power Rating (W )
(inverter efficiency x nominal battery voltage )

* Consult the Time-Current characteristic of available
overload protection devices to determine the device with an
appropriate rating that matches the maximum load and
maximum load surge characteristics.

5/7/19
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EXAMPLE

 The inverter has continuous rating of 800W and surge
rating of 1600W. Assume system voltage is 24V and
inverter efficiency is 93%.

EXAMPLE SOLUTION

* The continuous current will be 800/(24 x 0.93) = 35.84 A
and surge current will be 1600/(24 x 0.93) = 71.68A.

» We need a fuse that is able to carry these currents and
rupture beyond this current.

 Some inverter manufacturers also provide the 12s surge
rating. The fuse firstly should be able to carry continuous
current and also should be able to carry the 12s surge
current for 12 seconds.

EXAMPLE SOLUTION

» Referring to NHG General purpose fuse time-current
graph, a 40A fuse is chosen.

* This rating should also be checked against the cable
current carrying capacity as it should be less.

* Generally, a 35mm? cable can carry around 110A,
therefore 80A fuse will ensure protection of the cable.

The End
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