] ]
PV Arrays & Diode Protection b
The System Designer's Framework for Assembly, Inverter Optimization, and Environmental Shielding
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THE SCALING PROBLEM
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A single solar panel generates roughly 40
Volts. An industrial string inverter requires
upwards of 500 Volts just to wake up, and
handles thousands of watts of power.
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System design is the art of combining these
low-power building blocks to hit precise
electrical targets, without destroying the
components in the process.




SERIES WIRING: STACKING THE PRESSURE

Connecting the positive terminal of one panel to the negative terminal of the next creates a Series String.

- Voltage Adds Up: Electrical pressure (Vi = Vi + V; + V5) scales linearly.

« Current Remains Constant: The flow rate (li,ta1) 1S locked to the output of a single panel.

- The Goal: Rapidly build enough voltage to reach the inverter's operating threshold while minimizing line loss over long distances.
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PARALLEL WIRING: WIDENING THE FLOW

Connecting all positive terminals together and all negative terminals together creates a Parallel Array.
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« Current Adds Up: The volume of electrical flow (l;y, = |1 + |5 + I3) multiplies.
- Voltage Remains Constant: The pressure (Viq) IS locked to the output of a single panel.
- The Goal: Increase total power output to charge high-capacity battery banks or meet high-amperage loads.
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The Wiring Matrix
SERIES WIRING PARALLEL WIRING

Viotal INCreases ltota) INCreases

@ Standard Thin Wire | ® & Thick, Heavy-Duty Wire

R High
/ e« \ (Bottleneck effect)

8 GricTied Inverters

L

Low
(Independent operation)

Off-Grid Battery Banks




THE TARGET: INVERTER INPUT LIMITS

A string inverter dictates the rules of your array. Sizing the array requires the maximum voltage to
fall perfectly within the MPPT (Maximum Power Point Tracking) window.

/\ THE DANGER ZONE:

Hardware failure, arc faults,
and catastrophic destruction.

THE DEAD ZONE:

Inverter offline.
Insufficient voltage
to wake up.

v/ MPPT
SWEET SPOT:
Peak efficiency and

safe continuous
operation. J
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The Elasticity of Voltage

Array voltage is not static. Under Standard Test Conditions (STC), panels are rated at 25°C. In the real world,
engineers must design for extreme temperatures to ensure voltage never exceeds the inverter's maximum threshold.
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THE SHADING VILLAIN: THE WEAKEST LINK

In a series string, the panel generating the lowest current dictates the current for the entire string.
A shadow covering just one panel acts as a bottleneck, choking the output of the entire array.

Total Output: 2A |




The Thermal Threat: Hotspots

When a cell is shaded in a series circuit, surrounding unshaded cells attempt to force their high current
through it. Unable to process this flow, the shaded cell goes into reverse bias, dissipating trapped
electrical energy as intense heat that can destroy the panel.

Step 1: Normal Flow Step 2: Shading Blockage | Step 3: Thermal Failure
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The Detour Route: Bypass Diodes

Installed internally, Bypass Diodes act as automatic pressure-relief valves. When a cell becomes shaded,
the diode triggers a low-resistance detour. The hotspot cools, and the string remains operational.

Electrical Solution Mechanical Equivalent
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Reverse Current & The Night Drain

Electricity flows from high pressure to low pressure. Without protection, external power sources
will push devastating reverse current backward into the solar panels.
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Night Drain: Without sunlight, the battery acts as a high- | Imbalanced Strings: High current from a sunlit string
pressure source, draining power back into the panels. | flows backward into a lower-pressure shaded string.
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The One-Way Check Valve: Blocking Diodes

Usually installed externally at the combiner box, Blocking Diodes enforce a strict one-way street for electricity.
They instantly slam shut against any reverse current, eliminating night drain and parallel pushback.

Electrical Solution Mechanical Equivalent

Blocking Diode 1 [ One-Way Flapper Valve (Closed) ]
(One-Way Flow)
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The Diode Defender Matrix

A direct comparison of the two primary diode types used for solar system protection.

@ Bypass Diode @) Blocking Diode
.~ . fmm Prevent Battery Drain
The Goal Prevent Hotspots 5 .!."E_ & String Pushback
Trigger o~ . . €. [ Nighttime or Voltage
Event é S G % | U Imbalance
Standard il Internal (Inside panel ~ External (In combiner |
| Location T junction box) box or charge controller)

| |
Plumbing X=  Pressure-Relief
L Analogy ,,f,;.:l,, Detour Loop % One-Way Check Valve

o e e — —

J




@ The Optimized Array Topology - 7 -

" Series strings stack

voltage to hit the Inverter
L MPPT Sweet Spot.

F Bypass Diodes embedded |
to route around
sudden shading.
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Blocking Diodes stand guard at

the combiner against reverse flow. |
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Parallel connections sum
the current, delivering
maximum wattage.
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The System Designer’s Creed
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1. Calculate the Extremes 2. Gontrol the Flow

Wire in series to hit inverter Wire in parallel to boost
thresholds, but always current, but properly size
calculate cold-weather voltage cables to minimize line
spikes to avoid catastrophic loss and heat generation.

hardware failure.
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3. Armor the System

Never rely on ideal conditions.
Ensure internal bypass diodes
protect against shade, and
external blocking diodes
guard against reverse flow.

Design for reality. Optimize for power. Engineer for survival.



