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Important Notice

This manual contains important information that may affect the safety of your aircraft. Do not
fly the aircraft until you fully understand the installation and operating instructions, and all of
the pre-flight checks have been successfully completed.

Rea the Warranty / Agreemebelow. There is information in the Warranty / Agreement that may
alter your decision to install this produlftyou do not accept the terms of the Warranty /
Agreement, do not install this product.The product may be returned fa refund if you do not
accept the terms of the Limited Warranty / Agreement.

Vertical Power I nc. is not I|iable or responsi bl
personal injury, property damage, missed commitments, lack of use iotraft @r any expenses

incurred due to: product failure, inaccuracy in displayed data or text files, display or display format
issues, software bugs or problems, upgrade or customization issues, misinterpretation of the display,
warning and/or limit settigs, calibration problems, installation issues (leaks;wimnisig, obstructions,

damage to aircraft or components, incorrect in:
etc.) or any other issues related to the installation or operattbisgfroduct. All of the above are
solely the pilotds and/or installerds responsil

product before flying the aircraft. The pilot will not allow anyone to operate the aircraft that does not
know the opeation of this product. The pilot will keep thd-100OperatingManualin the aircraft at
all times.

By installing this product, the aircraft owner/pilot and installer agree to hold Vertical Power Inc.
harmless and in no way responsible for monetaryipensation, including punitive damages for any
incident, harm and/or damage associated with this product (including but not limited to the ones listed
above). If you do not agree to the abdv@® NOT INSTALL THIS PRODUCT. The pilot, owner
and/or installemay want to obtain an appropriate insurance policy before installing this product. If
you do not have the skills, knowledge, tools, equipment or facility, to perform and determine the
installation of this product is safe, reliable and accurate andeowiee this product is operating
properly after installatiod)O NOT INSTALL THIS PRODUCT . If the owner/pilot and/or installer
are unwilling to take the responsibility for the installation and operation of this pradDdilOT
INSTALL THIS PRODUCT . This poduct may be returned for a refund by contacting Vertical
Power Inc.

The pilot must understand the operation of this product before flying the aircraft Do not allow

anyone to operate the aircraft that does not know the operation of this product. Keeprtkng
Instructions in the aircraft at all times. The ability for this product to correctly control electronic
components and detect a problem is directly related to the pilot's ability to properly install the system,
program proper configuratigmndlimits, and the pilot's interpretation and observation skills.

It is possible for any system to fail thereby disabling electronic components or displaying inaccurate
high, low or jumpy readings. Therefore, you must be able to recognize a system fallyor anust

be proficient in operating your aircraft safely in spite of a system falllil& THE BUILDER

AND/ OR PI LOT6S RESPONSIBILITY TO DETERMI NE THE
BACKUP AND REDUNDANT SYSTEMS NEEDED FOR SAFE OPERATION OF THE

AIRCRAFT . If you donot have this knowledge or skill, contact the FAA, a certified aircraft



mechanic, or a local flight instructor for training prior to building or flying the aircraft with this
system.

Do not allow anyone who is not qualified to modify ttanfiguration dad. If setupdataare

inadvertently or improperly changed, you could get inaccurate readings that may lead to improper
operation of the aircraft, flaps, trim, starter, landing gear, or engine. This could result in an unsafe
configuration of the control swa€es, engine damage and/or an emergency situation.

Before flying the aircraft verify the instrument markings displayed on the system are accurate with
your POH for every function displayed. Verify that each electrical device is configured correctly and
behaves appropriately. The system allows the pilot to configuration data, backups and other
information througha dataport. Thesedata must be verified by the pilot before it is used.

Before starting the installation, make sure that your planned ingiallatil not interfere with the

proper operation of any controls. The installer should use current aircraft standards and practices to
install this product. Refer to AC 4323\, Acceptable Methods, Techniques, and Practi¢escraft
Alterations and AC 433-1B, Acceptable Methods, Techniques, and Practidesraft Inspection and
Repair.

The VR100 is an experimental system limited to use in experimental aircraft. Not approved for use in
aircraft with FAA or foreign type certificates.



LIMITED WARRANTY / AGREEMENT

Vertical Power I nc. (AVPO) warrants its aircral
components to be free from defects in materials and workmanship for a period of three years after the
retail invoice date. VP will repair oeplace any system components under the terms of this Warranty
provided the item is returned to VP prepaid. This Warranty shall not apply to any unit or component
that has been repaired or altered by any person other than VP, or that has been subjestted, to m
abuse, accident, incorrect wiring, or improper or unprofessional installation by any person. THIS
WARRANTY DOES NOT COVER ANY REIMBURSEMENT FOR ANYONE'S TIME FOR
INSTALLATION, REMOVAL, ASSEMBLY OR REPAIR. VP reserves the right to determine the

reasm or cause for warranty repair.

1. This Warranty does not extend to any engine, machine, aircraft, boat, vehicle or any other device to
which the VP system may be connected, attached, or used with in any way.

2. THE REMEDIES AVAILABLE TO THE PURCHASER AREIMITED TO REPAIR,

REPLACEMENT, OR REFUND OF THE PURCHASE PRICE OF THE PRODUCT, AT THE SOLE
DISCRETION OF VP. CONSEQUENTIAL DAMAGES, SUCH AS DAMAGE TO THE ENGINE

OR AIRCRAFT, ARE NOT COVERED, AND ARE EXCLUDED. DAMAGES FOR PHYSICAL

INJURY TO PERSON OR PROPHY ARE NOT COVERED, AND ARE EXCLUDED.

3. VP is not liable for expenses incurred by the purchaser or installer due to VP updates, modifications,
improvements, upgrades, changes, notices or alterations to the product.

4. The pilot must understand the openatof this product before flying the aircraft. Do not allow

anyone to operate the aircraft that does not understand the operation of the system. Keep the operating
manual in the aircraft at all times.

5. VP is not responsible for shipping charges or dasagcurred during Shipment, except for
situations where the system fails away from t he
fly the aircraft, at whichtime VP shall at VPO s pay bngone@wagsbippiag chaoges,to

the purclaser(US 48 states only)

6. No one is authorized to assume any other or additional liability for VP in connection with the sale of
VP products.

7. IF YOU DO NOT AGREE TO ACCEPT THE TERMS OF THIS WARRANTY, YOU MAY

RETURN THE PRODUCT FOR A FULL REFUND. IFQU DO NOT AGREE TO ACCEPT THE
TERMS OF THIS WARRANTY, DO NOT INSTALL THE PRODUCT.

8. This warranty is made only to the original purchaser and is not transferable. THIS WARRANTY IS
IN LIEU OF ALL OTHER WARRANTIES OR OBLIGATIONS, EXPRESS OR IMPLIED, ORAL
ORWRITTEN. VP EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES OF

MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. THE PURCHASER

AGREES THAT IN NO EVENT SHALL VP BE LIABLE FOR SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES, INCLUDING DAMAGES TO THE ENGINE OR AIBRAFT,

LOST PROFITS, LOSS OF USE, OR OTHER ECONOMIC LOSS. EXCEPT AS EXPRESSLY
PROVIDED HEREIN, VP DISCLAIMS ALL OTHER LIABILITY TO THE PURCHASER OR ANY
OTHER PERSON IN CONNECTION WITH THE USE OR PERFORMANCE OF VP' PRODUCTS,
INCLUDING BUT NOT LIMITED TO STRCT PRODUCTS LIABILITY IN TORT.



Change log

Change date

Change

11-24-07 Updated contactor diagram to show more detail.
2-3-08 Added wiring detail for variable speed trim
3-6-08 Added intermediate flap stop detail
Added dual battery section
4-7-08 Added stdslow How fuse types and starter setup
4-21-08 Updated light dimming considerations for HID lights
7-23-08 Added remote control in setup
8-30-08 Added section on retractable landing gear
1-9-09 Added note about backup circuits alternators.
3-16-09 Added backup method C.
3-23-09 Added section on import/export troubleshooting.
4-2-09 Added section on hydraulic pumps and \d air conditioning.
Clarified alternator field behavior at batt ctc failure
Added list of future featuse
6-29-09 Added V20 features, see release notes on web site.
Changed timing of {bus failure detection.
Moved software upgrade instructions to release notes.
10-25-09 Added troubleshooting section for intermediate flap stops.
3-15-10 Added sections on21 features. Dimming, power off.
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1 Introduction

1.1 Welcome to Vertical Power!
TheVP-100is a new and innovative way to intelligently control the electrical devices on your aircratft.

While theVP-100 makes life a lot easier for the builder, it's not simply a{alodplay solution. The
builder must still run wires to eleatally-powered components and this wiring takes some careful
planning. Please take the time to read and urtdesthis manual before procesgl

This manual describes the installation steps and techniques necessary to ingeiL@0elt is also
intended to provide the information you need to know to capably wire your electrical sy@teause
many of the features are controlled using the setopensather than with harsvired components,
you can easily change things in the future.

If you follow each of the five steps outlined in this manual, you will have a safe afiddtlted
electrical system.

1.2 Vertical Power Terms

Load A user of electrical power. It may be a light, radio, GPS receiver, contactor, or EFIS,
just to name a fewA load is wrred to a power pin on the Control Unit.
Pin A pin refers to a physical pin on one of the Control Unit connectors that provides

power to a load. Speciglurpose pins are provided for flaps, trim, starter, and the
battery contactor(s). Most pins, howewate generic and can be configured to match

the type of load it is powering. Each pin has a maximum current rating of either 5
amps, 10 amps, or 18 amps. Certain pins simply turn loads on and off. Other pins can
be configured for soft start or light dimngimn addition to on/off operation.

State There are three states: on, off, or faulted. Faulted is equivalettigedcircuit
breaker.

Connector Two types of connectors are used throughout the systesub@onnectors are
smaller and provide signal diow power (less than 2 amps) connections. Vertical
Power uses high quality, gold plated, machibadel connectors. Highuality,

Molex gold-plated connectors are used to provide power (up to 18)amph
current devices.

AWG American Wire Gaugé a standard that describes the size of the wire.

Circuit breaker While theVP-100 does not use conventional circuit breakers or fuses, the term is very
common and herein is used to mean the maximum current a circuit will draw before
faulting.

Fault TheVP-100 protects each circuit from short circuits as well as -@rent
conditions. When a fault occurs, thi@-100turns the faulted deviocaff, shows a
message on the screen, and turns on the fault light.

Backup circuit A backupcircuit allows you topower a load directly from the battery through an
external switch (separate from t€-100). When the external switch is turned on,
fused power is provided directly from the battery to the device regardless of whether
or not the battery contactor is cdasor the/P-100is turned on. Wiring these circuits
is optional.

B-lead This is the large wire that goes from the alternator to the main electrical bus. It
provides current from the alternator to the battery and electrical bus.
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p-lead This is the wire tht goes from the mag switch to the magneto. There dkeadofor
each magnetodm the switch.

1.3 Other Reference Documents

Vertical Power provides other documents that should be used in conjunction wittathialto help
you thoroughly plan a safe andesffive electrical system for the type of mission youTlye
following documents are available on the Documentation page of the Vertical Power web site
(www.VerticalPower.cor)y) and should be reviewed in conjuictiwith planning your electrical
system.

Document Description

VP-100Load Planning Worksheet  This Excel spreadsheguidesyou through planning and
configuring the data and power pins on %#2100. It allows
you to document and plan various parts ofrégguired setup.

Device Amps This document listthe electricalcurrent draw of many
popularradios, GPS moving maps, EFIS displays, lights, and
other avionics. It is maintained by Vertical Power, but
contributions come from builders.

Config 1,2 These douments show wiring detdibr the different
electrical configurabns supported by the VEOQ.

Flap-Trim Wiring Flap and trim wiring detail.

Alternator Wiring How to wire an internal or externally regulated alternator or
B&C SD-8.

Connector Service Manual Step by step instruction how to work with Molexsudb,
insulated crimp and other connectors.

Contactor Wiring Overview of the different types of contactors used in

experimental aircraft, and step by step instructions how to
wire them properly.

Additional documentation may also be available on the web site.

2 Electrical System Basics

This manual and the accompanying documentation on the Vertical Power web site are intended to
provide enough detail to understand overall concepts and safely wire yourt.a8hmafld you want
more information, additional resources can be found in a variety of books and texts, a few of which are
shown here:
1 FAA Advisory Circular AC 43.13Acceptable Methods, Techniques, and Practicsiscraft
Inspection and Repaavailablefrom www.faa.gov
1 FAA Advisory Circular AC 23.131linstallation of Electronic Display in Part 23 Airplanes
available from www.faa.gov
1 Aeroelectric Connection book, available from www.aeroelectric.com
1 http://www.sportair.com/articles/Electrical%20Systems%20Simplified.html
1 Movies:http://www.heli-chair.com/videos_public/wiring_videos/2007_wiring/

An aircraft electrical system can be divided into three parts
1. i B ac k lcompomerd: aircraft batteryaltemator,voltage regulatorgontactorsand
associated wiring Contactors are just higtapacity relays that are energized by low power
signals but allow large amounts of power to pass through.
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2. Buses, switchesand circuit protection (fusesdor circuit breakers)

3. Users of power and the wiring and from those user&Jsers may be lightsnstruments,
avionics, pumps, etcThe termdeviceor loadis used in this manual to generically descabe
theusers.

More on electrical system basics:

1 The aircraftbattery andalternator provide power to all electricalgependent systems.
Normally, the battery powers systems before and during starts and then the alternator takes
overcharging the battery and providing power to the electrical devikdsattery contactor,
connects (origconnects) the highurrent wires between the battery and the main power
distribution bus

1 Power typically runs from the battery/alternatoetectrical bussesbehind the panel where
power is split and sent to individudévicesthroughcircuit protection devices(fuses and
circuit breakers) and switchebBheVP-100 assumes the role of busseiscuit protection,and
most switches During construction, using thé&”-100 greatly simplifieshe task ofwiring
your aircraft.

1 Wire sizesvary and the size of the wite eachdeviceis determined by the current loaah(ps)
of thatdeviceas well as the distance the current must traled.wire is too small for the load
or distanceit will heat up and possibly fail. If the wire is tba, it will certainly carry the
load but at the expense of added weight.

1 To complete thelectricalpath,devicesnusthave a groundThis meas connectinga ground
wire to the metal aircraft structure (aircraft ground) or runaiggoundwire fromthedeviceto
a central location such as a firewall grounding point.

2.1 Alternator Operation

The alternatoprovides power to devices and a$wrges the aircraft batterijhevoltage regulator
continuously monitors the bus voltage and adjusts the output altéineator. The regulatoonly
workswhen it is powerefrom a bus through a wire called tfield wire. Somealternators are
internally regulated (the regulator is built in), and others have external regulators (a separate box
located outside the alternatain.either case, the regulator must be powered ladR-100 supports
both configurations.

T o d a y &imen@baipc@ft are powered by either 14 volt or 28 volts systems. Oftemaypbhear

12 volt or 24 volt systems. Why the difference? The reason is because the batteatesiakither

12 or 24 volts. When the engine is running and the alterrsatorried on, the alternator generates 14
volts or 28 volts, slightly higher than the battery voltagetwill keep the battery charged.

If you have a primary alternator and a backup alternbkerin config 2, only onalternatorshould be

powered a (in other words, the field wire is poweret)a time Therefore, we refer to one alternator

as the primary (Field Pri) and the other as the secondary (FieldfSsath are on simultaneously,

they do not equall y fAcon brewhsetvatage regulatq s seetothen gt |
highest voltage will draw all the current (sometimes called current hogging), possibly overloading the
alternator.

Turning power on and off to the field wire is the most benign way to turn the alternator énYarwof

should check with your alternator manufacturer about whether it is advisable to turn the field on and
off while the alternator is under load.
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When planning your electrical system, assume the alternator provides 80% of its rated output (in
amperesland t herefore your total «c¢ont iomothertramsientoad (
loadg should not exceed 80% of rated alternator capacity.

2.2 Wire Sizes and Circuit Protection

A table below shows wires sizes versus loads for a typaalkebuiltsize airplaneT he wire size can
be larger than necessary but should not be smaller.

Circuit breakergand fusesprotect the wiring, not the devick.the breaker isob largethen the wire
may overheaandfail. If too small, then the dewicmay fauli{breaker tripspecause it dwstoo much
current.

Most kit aircraft companies and avionics companies provide recommendations for sizewgndire
breakes. You can use these recommendatio@, you carborrow orpurchase an ammeter (typliga
under $50 at Radio Shack, etc.) measure the cudrantof each electrical devicand then determine
the sizes yourself.

When you know the current drawrfeach device, use the chart belmsize wires from th&P-100
to devices. For simplicity, hewiring harnesssavailable fromVertical Powerse the four wire sizes
in the table.

Up to (amps) Use wire size (AWG)
5A 20
10A 18
18A 14
Data signal 22

2.3 Magneto Wiring
The mag switch is not part of the M0 system and must bestalled separately.

2.4 Grounding

Many people think that the power, or positive, wire is the most important wire to provide electricity to
a device. Thelectricalground is just as important as electricity must flow the entire path from the
power sourceo the device and back to tseurce The ground wire must be the same wire gauge or a
larger diameter (smaller gauge number) as the wire that provides power to the device.

A ground loopis when electricity can take two different paths, and each path has a different
resistance. Ground loops are most noticeable in aircraft audio equipment, and can produce a variety of
problems most notablynwanted noise.

Grounding is as much of an ad iais a science. With that in mind, several options for grounding your
system are provided below. Choose the one that best fits your Keegsin mind thamore wiring
means more weiglfalthough likely negligible) Also, note that in all the exampléglow the avionics
grounds are kept together.

1 Option 1: Ruraground wire from each and every electrical device back to a common
groundng point,typically aground busn the firewall.
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1 Option 2: Run ground wires from all the avionics targermediategrounding pointthen run a
larger wire from the local ground btesthe firewall groundRun wires from all the other
devices to the firewall ground.

1 Option 3: Run the ground wires from the avionics to the firewall ground, and run the other
ground wiredo a local ground (enetal part of thairframe located near the device).

2.5 Switch Nomenclature

There are many types of switches available for use in airaradthis manuaivill show the basic
types that you mawyantto usewith theVVP-100. The chart below shows the most common switch
types. A parenthesis () around a switch position indicatesitnomentary, sprirpaded position.

Switch Type Abbreviation Symbol Mechanism
9 ‘\t) OFF-ON
. OFF-(ON)
Single Pole,
. SPST
Single Throw
OFF-(ON)
—0 O—
Single Pole ”_%_ ON-NONE-ON
DOl?ble ThrC,JW SPDT | ON-OFF-ON
—0 (ON)-OFF-(ON)
Double Pole, 00 OFF-ON
Single Throw DPST : OFF-(ON)
Double Pole, DPDT O ON-NONE-ON
Double Throw ON-OFF-ON
_‘%\0; (ON)-OFF-(ON)

2.6 Alternator Current Sensing

When planning your aircraft electrical wiring you must consider whether to wire an ammeter on the
wire connecting the alternator(s) to the main bus. The ammeter will indicate the amount of current the
alternator igroviding

Ammetersensorgome in seve flavors. The sensor can be arime shunt, which measures the
resistance across the wire and converts thatéadout, or a hakffect sensowhich measures the
strength of the electrical field in the wire. The hall effect sensor is nice becdoss notequire a
physical break in the wire like a shunt does. The ammeter itself can display actual amps, percent of
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load, or charge/discharge depending on the gauge iselimeters can also be wired between the
battery contactor and the battery teasure the amount of chafdischarge otthe battery.

So, here are some points to consider when deciding whether to install an ammeter:

1 TheVP-100 measures the curredtawof each device and displays them of thecurrent
drawn byeach otthe electrichdevices.

1 A properlyplanned electrical system should operate within the limits of the charging system,
so there should be no surprises with regam@varloading the alternator

1 A voltmeter, which is built into thg’P-100 and other modern avionics, carovide the
information you need ttell if your alternator is functioning properlWhen the alternator is
working properly, the bus voltage will be about@4 When it is not working, the bus voltage
will be about 12.5v (double these for a 28v systemgss If your bus voltage is at 14v and
slowly decays, then you are drawing more amps than the alternator can supply, and therefore
your battery is draining.

Our recommendation is thaturrentsensoiis not necessary when installing ¥B-100. However, if
you feelmore comfortable installing a curresgnsorit can be installed as part of your engine
monitoring system.

3 VP-100 Overview

3.1 Installation

The installation of th&P-100 is accomplished ifive main stepsand the amount of work for éa
step is shown by the relative size of the boxes

Step 1: Planning Step 2: Installation Step 3: Configuration Step 4: Ground Test Step 5: Flight Test

Complete the Load .| Install the Vertical .| Configure Vertical Verify proper | Verify proper

Planning Worksheet. Power components Power system using "| operation on the operation in flight.
and wiring. setup menus. ground.

Following these steps will increase the likelihood of a trofitde electrical system. Each step is
described in detail later in this manudbu canoptionallyswap step& and3 and set everything up on
the bench first.

We recommendthat you read through all five steps so that youbetter understand the system
prior to beginning the planning step.Taking the time up front to carefully plan your electrical
system will pay big dimends later on.

3.2 Components
Vertical Power provides the followingomponentsgor the VR100:

Switch Panel  This unit mounts in the instrument panghe screen provides electrical system
status information and setup information. The unit has a s¥atdystem power
(equivalent to the master switch) as weleaghtother switcheshatcan be
configured (via setip screensto controlthe electricatlevices Stick-on labels are
included to label the switches. Each switch has a built in LED lightoaide
status and/or alert information to you. An ambient light level sensor is recessed in
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Control Unit

Remote Control

the bezelThe acknowledge button is used for alarms and for the setup screens.

Power switch Message display

Acknowledge button

Alternator User configurable switches Momentary up-down
select switch on-off (on)-off-(on)
on-off-on switches configurable for

dimming, flaps, or trim

This unit mounts behind the instrument pangéha@ome othelocation in the

cockpit away from water and extreme heat. It proyu@ver toelectrical devices in
the aircraft. A large lug accepts power from the battery (via the battery contactor)
The unit carprovide 60amps continuoupowerto aircraft devices. It malles low

level functions like fla@ndtrim operationtrim speed control, light dimming, seft
start capabilitypower switchingand circuit protection (ovezurrent, ovetvoltage
andshortcircuit). It checks the status tifeaircraftelectricalsystem 50 times per
secondThere areeightexternal switch inputs which can be used for flap and trim
inputs as well as otheexternalswitch functions.

This small han¢held device is similar to a key fob that comes with modern
automobiles. It has five buttons. One button turnsAR€l00 on and off, and the
other four can be set up to control individual devices in the aircraft.

&
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3.3 System Overview

Thearchitecture of th&P-100builds upon timdested methods, yetcorporatesnodern switching
and circuit protection technologyhe diagrams below show a basic traditional electrical system
compared with a Vertical Power electrical system.

Traditional
Electrical
System

Vertical Power
Electrical
System

Power Users
(Devices)

Circuit Protection Switches

(fuses and circuit breakers)

o—— Radios —
——Lights

e—— Instruments
o—— Flap & Trim

Contactor %\)9

Alternator Battery

Central
Ground

Alternator Field wire

Power Users
(Devices)

Vertical Power
(Circuit Protection
& Device Control)

=

Radios
Lights

Instruments
Flap & Trim

Contactor

] E-Bus
\%

Central
Ground

Alternator Battery

Alternator Field wire

Note from theseliagramghat the Control Unit provides both switching and circuit protection, making
the task of wiring considerably eas{eemember, though, that wiring an aircraft takes careful planning

and installation it should not be trivialized)An Endurance Bus @B u s )

i-isn A btua Itthe

Unit, andrequires running a single wire from the Control Unit directly to the battery. Although wiring
for an internally regulated alternator is shown hereMidl00supports both internally and exhally

regulated alternators.

Thesediagramsare simplified to introduce the overall architecture. Detailed wiring diagrams are
available on the Vertical Power web sitenfw.VerticalPower.com
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Here ishow thetwo VP-100boxes are connected togethand how external devices are connected

Avionics

Lighting
pe—

— > J Contactors
— [ Flap motor
1 Trim motors

Control unit Switches

TheVP-100components connect together withremanufacturedablewhichis included with the
system. The cable carridata signals and lowwurrent power. You do not need to make any cables to
connect the system components togethercomplete the installationponect wires from the Control
Unit to theelectricaldevices.

The Switch Panel is the interface with the pilthe Control Unit does all the switching and circuit
protection. The curremtrawn by thedevices being switched does NOT go through the Switch Panel.
The Switch Panel reads the position of the switches, then tells the Control Unit which devices to turn
on or off.

3.4 Supported fiBa ¢ k b o Wieing Configurations

TheVP-100supportswo backboneconfigurations and the setup menus will require that you specify
one of then. The VP-100requires that you wire the electrical system exactly as specified,

otherwise failures or unknown behavior may occur.Take special care to note where each alternator
connects to the battery contactor

Each configuration has considerable flexibility oosing the type of alternator(s) you want to
install. An alternator can be an internally regulgtggdical Plane Power cautomotive alternatoy)
externally regulate¢such as the B&C S20, L-40, or L-60), or apermaneninagnetalternator(such
as the B.C SD-8).

Configuration 1: Single battery, single alternator, single Control Unit
Configuration 2: Single battery, dual alternator, single Control Unit

The diagrams below show the hifgvel wiring and power interconnections for each configuration.
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Configuration 1 Configuration 2

Single battery, single alternator, single Control Unit Single battery, dual alternator, single Control Unit
Alt Primary Backup
Alt Alt
U Batt 2 H Batt | Batter
Cic Battery Ctc Y
Control Control
Unit Unit

You may change the configuration in the future as your needs change. For example, if you initially
start withsingle alternatoand then later decide to add a backup alternator, you can simagal} the

new alternatorgchange the setup menu to configioa 2, andaddthewiring to control thenew

alternator

3.5 Switch Layout

The VR100 includes most of the switches needed to control the electrical system on your aircraft. You
can installexternalswitches to control the fla@d trim, or use the builb switches. Additional
switches to turn devices on and off can be added if desired.

You will need to install an external starter switch and, if needed, external magneto switches. This is
described later in the manual.

The switches on the Switch Panel are identified throughout this manual using the following identifiers:

ACK

S1 S2 S3 S4 S5 S6 S7 S8

S1 This is a three position switahith positionsON-OFFON. The switch is ON when the
switchis either up or down, and off when it is in the middle positiims switch is
designedo control the alternatdrelds, and camlso be used to switch avionics and
other electrical devices.

S2i S6 These are two position switche@#th positionsON-OFF. The switch is on when the
switch is up and off when the switchdown.

S77 S8 These are momentary action switcheth positions(ON)-OFF(ON). They can be
configured foron-off operation flap or pitch trim operation.

ACK This is a momentary pushibon used to aclowledge alarmsavigatescreensand

reset faults
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4 Step 1: Planning

It is a good idea tepend time on the planning stagketheryou areinstalling a simple or a complex
aircraft electrical systemThis sectiondiscussesnanyitems and considerations that should be
incorporated into your planningt the end othe section, you will be asked to complete the Load
Planning Worksheet which documents the design of your electrical system.

4.1 Wiring Harnesses

A wiring harness to connect the Control Unith the Display Uniis included with the systemEach
connector is unique, and therefore it is veiffiailt to mix up the connectors.

Forthe harnesses that run from tbentrol Unitto the devicesyou canpurchase precutwiring
harness fronVertical Powey or you carpurchasea basic connector kiThe basic connector kit
includesspecialconnector housings and pins so that you can build your own wiring harness.

1 The precutwiring harnessomes with enough individual wires for the average aircvetfiile
leaving extra pia available for future use. You are not locked into the wiring configuration
provided, and you may move wires around from pin to pin to suit your needs. The power
connectors allow you to very simply remove a wire from its connector and install it in anothe
pin with just a small screwdriver apeh-removaltools. The smaller,-dub connectoralso
require an inexpensive special tool to remove the pins. If you require additional wires with pre
crimped connectorg/ertical Powercan provide them.

1 If you dedde to make your own wiring harnesses, please note that pins for the power
connectors and-dub connectors require special crimp tools which are available for rent or
purchase from Vertical PoweDo not use generic crimp tools @sing somay result in a poor
mechanical connection

The photos below show the different connectors used iMPREOQ, the big, higheamperage power
connector on the left and the smaller, lamperage ¢ub connector on the right.

Power Connector D-sub Connector

4.2 Control Unit Connectors

There aresightconnectors on each control yrive of whichconnect thé/P-100to the outside world
The other three are used to connect the system components to each other and haxszoessgde
pins. Four ofthese connectors, identified &tlrough &, carry highcurrent loads Thefifth
connector, 3, is aD-sub connector used for leaurrentpurposes such as trim motor operation and
position feedbacklThe CU connectors are shown in the diagram below:
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B
@ 5 8 9 16

4-32 Volts DC
Antenna 20 J7 37 QU1 rcQu2

Now, refer tothe Excelworksheet tab for Control Unit 1.

1 The purpose of each pin on the five connect®d$ J7)is listed in column B.Most pins can
be configurediniquelyto support a wide range tafads However, a fewins(in magenta)
have specifipurposes suchastheflap motor and starter solenoid.
For connectors3] }#4, B, and & column C shows the maximum current capacity of each pin.
Connector dis for low-power uses (less th&emps on a pin). Note that pins for two trim
axes and flagontrol are grouped by coloRay Allen trimmotors have buiin position
sensors, and have five wires (three for position and two for the motor power). The wire colors
in Column | matches those for Ray Allen trim servdse only Ray Allen trim servoPlease
contact us if you are considering using a different type of trim mdtbough wiring for flap
position runs through Connectaf, dhe flap motor is driven from Connect@ (2 wires).

E =

The DU and CU labeled connectors above are not used witliPH€©0.

4.3 Installing and Removing Power Connector Terminals
The large (black) power connectors allow you to easily install and remove the wire/terminal assembly.

4.3a Installing terminals
Step 1: Insert a small screwdriver (max width= 1/8 inch, about 3.0 mngither pry point

Step 2: Using the housing as a pivot point gently pry out on the white insert, until it reacloek pre
position (5.0 mm travel)

Insert screwdriver Gently pop up white section
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Before After

The white insert shouldnever be removed!
If it is removed, discard the entire connector. Do not attempt to reassemble.

Step 3: With the white insert stildl in the Oout
orientation feature as shown and insert throajgbropriate opening. If resistance is encountered,

retract the terminal and adjust the angle of insertion. Continue inserting the terminal until it stops with

an audible click. Give the wire a slight tug to make sure it is seated properly. It shoubtneoback

out.

90°mis-orientation 3

Not a straight entry

Orientation feature aligned with index

Troubleshooting:
The terminal should insert smoothly into the connector housing. If it does not, the following are the
most likely causes:
1 The terminal is rotating while you are inserting it. The terminal must remain aligned until it is
fully inserted.
1 The tangs on the insulation crimp may not be fully closed. Gently squeeze the tangs closed
around the insulation with a pair of pliers.
1 The white insert may have closed. Open the insert.

Step 4: With the terminals fully installed, the whitsert can be seated into its final lock position by

applying an even force to both ends until it comes to a stop, with an audible click. The white insert
should move a distance of 5.0 mm (about 10).
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4.3b Removing terminals

Steps 1 & 2: Follow these steps aswh above to raise the white part of the connector.

Step 3: Using the pin removal tool, insert the tip into the terminal servicadi@leento the terminal

to be serviced.

Step 4: Push down gently to release locking finger. You will hear a gentlyBlickot apply any

lateral force, as this may damage the connector or the terminal!

Step 5: With the white insert stildl in the O0out
If the terminal resists, the service tool may not be fully engia@emove the tool and-tey. Push the

service tool further into the service opening to ensure that it has fully disengaged the locking finger.

Do not insert the tool into the terminal opening!
Do not use excessive force, excessive force can damagetmaector!

Step 6: The white insert can be seated into its final lock position by applying an even force to both
ends until it comes to a stop, with an audible click. The white insert should move a distance of 5.0 mm
(about 1 0).

4.4 Switch Assignment Considerations

The VR100 allows you to assign a pin to any switchthe Switch PaneConversely, a switch can

turn on and off any number of pins simultaneously. For example, you can put all your external lights
on a single switch. Or, you can assign the lag@ind taxi lights to one switch, and all the other lights
to another.

If you decide to change how the switches work, you can go into the setup menus and make those
changes without reviring your aircraftl f vy o get idright dh the first tryyou can make changes
lateras you gain more experience with your airplane.

With that in mind, we recommend the following to lmethinking about switch layout
1 Switch 1 is used to control the primary and secondary alterpatafsalso can be used to
contol other pinsYou can assign a pin to be ON when switgh up (referred to as 1U in the
setup screens), or ON when switcls down (1D). When it is in the middle position it is off.
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You can also assign a pin to be ON when the switelther up or dow (1B for both

positions). 1B allows you set pins that will be on wekéheralternatolis operatingand are off
when both alternators are off.

The alternator fields must be assigned to switcholur primary alternator should be set to 1U
and your backp alternator (if installed) should be set to 1D.

The avionics that you want on during a load shed (ie yooimal avionics) should be set to

1B. That way they are on when either alternator is on. A consideration is that if you need to
turn off both alterators in flight, then you will also be turning off the mawionics as well. If

this scenario is not appropriate for your aircraft, then place the avionics on other switches.
Thenonessentiahvionics should be set to switch 2. That way, you can simphydff switch

2 to load shed younon-essentiatievices.

When a battery contactor failure occurs, the MI® automatically switches to the endurance
bus. It will automatically turn off all the pins except those powered by switletalde sure to

set the maimum actual loaaf the pins controlled bgwitch 1 to noexceedl2 amps. You can
test this during the system checkout.

Switches 3 through 6 can be used for individual items like boost pump, landing light. You can
group devices like the nav lights ando$ie lights on a single switch.

Switches 7 and 8 are momentary switches and can be used for dimming, flaps, or pitch trim. If
you want tocontrol the trim witha coolie hat or similaswitch then wire that switch into the
external inputs on the Control UnSame with the flap switch. Panel and cabin lights are good
candidates for these switches, as they can be dimmed.

You can install additional switches on the instrument panel to provide more switching
capability if needed. These can be either backup kest¢see backup wiring section in this
manual) or switches wired to the input pins on the Control Unit. Vertical Power also offers
panetmounted switches that match those on the switch panel.

Please contact Vertical Powdirectlyif you run out of switch& We may be able to help you
with grouping pins on switches.

4.5 General Wiring Considerations
The following considerations should be follesmvhen designing your electrical system

1
il
1

Place all landing and taxi lights on 1®#ns, regardless of their actualirrent dravand wire
size. Only one landing or taxi lighthouldbe wired toa pin.

Interior lights should be on a dimmable cirguihless you want to add an external dimmer
knob, in which case any power pin will provide bus voltage to the dimmer

The eght external switch inputsn the CUcanbeused for trimandflap actuationswitches,
flap limit switches or external switchesAny CU pincan be switched on and off using a
switch wired to these inputs. These inputsaativewhen grounded. Simply warone side of
the switch to ground and the other to a pin. Use the setup menu to configure the function of the
pin. See4.7 External SwitchViring Considerationgor more detas.

Flap motor, startegndbattery contactomust be wired to the pins shown in the worksheet.
They are highlighted in magenta.

There are three ground wires (highlighted in black) for each Control BACH ONEmust
be connected to the firewall ground bus.

J4 Pin 1 (highlighted in red) on a Control Unit should be connecte@@\ alow-blow fuse
(included) and then directly to the aircraft batt&gplace this fuse only with Bussman

MDA -20 fuse.
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4.6 Alternator and Voltage Regulator Considerations

Choosing the correct alternator and voltage regulator is an important part of planning your electrical
system.TheVP-100supports internally and externally regulated alternators, as well as the B&C SD
permanent maget alternator.

Vertical Power does not take a positi@gardingwhich type or brand of alternator is hekhtis section
is intended to present information to help you maketterdecisionabout alternators and voltage
regulators Specifically, the/P-100has certain advanced functionality thady alter how you select
alternators and voltage regulators.

The typical automotivwstyle voltage regulator does simply tihaegulates the voltage to the field
wires on the alternato¥/arying the field voltage affects the output capacity of the alternator. Higher
voltage means a stronger field to generate current which means more Aatmiérnally regulated
alternator provides the same function, thé regulators housed in the tdrnator itself.

Certain internally regulated alternators provided by Plane Power, Ltd. (wwwypdaver.com) have
built in overvoltage protection. All alternators built by Plane Power are compatible with the Vertical
Power system.

Externally-regulatel alternators have the regulator in a separate box outside the alternator. Most
voltage regulators provide only the voltage regulation function, and some allow you to adjust the
voltage levelThe B&C LR-3C (www.bandc.biz) external voltage regulator pregidhree functions:

1) voltage regulation, 2) undegoltage alerting, and 3) overvoltage protection. It is generally regarded
as a highguality product that haseen througlyears of field experiencélote: B&C does not
recommend the LBBC be connected #®TCs for circuit protection. THéP-100doesnotuse PTCs for
the power circuits anig compatible with B&C voltage regulatoiBhe undetvoltage alerting is not
needed as it is provided by tk®-100, and oveitvoltage protection is also not needed &tk as a
redundant backup and cannot be disabled.

There is a longtanding and unresolved debate in thesexpental communitabout the benefits of
internally versus externally regulatatiernatos. The table below shows some of the pros and cons of
eah type

Pros Cons
Internally regulated 9 Simple to wire 9 Certain failure modes will cause over-voltage
1 No external boxes condition that cannot be stopped by

removing power from the field wire*.

Extra box to install and wire
Extra cost and weight

Externally regulated |  Separation of VR from alternator,
and each can be serviced
separately.

1 Removal of power from regulator
shuts down alternator.

=a =4

*Note: According to Plane Power, their internally
regulated alternators are designealiminate this
failure mode.

Somecommon backuplternators (or secoralternatorin a dual bus systenaye theaccessorgdrive
mounted SERO alternator and the S® PM alternator, both available from B&C Specialty Products.
The one you choose is driven in large part by the siteeddads you need the backup alternator to
carry.Documents are available on the Vertical Power website \etifild for wiring either one.
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4.6a Over-voltage Planning

An overvoltage condition is initiated by a failure in either the voltage regulator or the alternator which
causes the voltage to rise above a safe level for the avionics and ottreraéleguipmentTypically
the overvoltage level is set at 16.0 volts for a 14v system and 32.0 volts in a 28v system.

Overvoltage protection is provided by the Control Unit, and therefore an external dengi@éeded

for this function.Overvoltage protection is pxaded by removing power from the Field wire when the

bus voltage exceeds a gset limitfor a preset period of timelf your system comes with an
overvoltage protection circuit, the typeeirctits.c a l P
Thesesimply short the alternator field wire to ground, causingatternatorfield pin on the CUo

fault.

Nuisance overoltage trips can be caused whearge inductive load (like a hydraulic pump motor)
shuts off and the voltage regulator has not had tomespond. It is in fultharging mode and with the
load removed, the voltage can spiBeth the ovetvoltage level and the time duration can be adjusted
in the Vertical Power setup menus to reduce nuisance trips.

In certain rare instances, when usawginternallyregulated alternator, the overvoltage condition
cannot be remedied without physically disconnecting the large power wire (calledetad)Brom the
alternator to the main bus. If you choose, you may add a contactor in line witHead(Ball us if

you decide to do thisput this adds additional complexity and failure points. And, it does not protect
the alternator fronpossiblydestroying itself during an oweltage conditionlnsteadve recommend
using an externallyegulated alternator or an internatiggulated alternatdhat does not have this
failure mode.

In order to provide ovevoltage protection, the pin powering the field wire must be set to either PRI or
SEC to specify thgtin powers the primary or secondary alternatis is explained later in the setup
menus.

4.6b Low-voltage Planning

During flight, the normal bus voltage should be aroun@ %dlts. The low voltage alert trigger is
recommended to be set at 13.@wuble dlfigures for a 28v system). A low voltage condition is most
likely due to one of the two following circumstances:
1. The alternator has failed causing the bus voltage to drop frdia t112.4 voltsor less
(double for a 28v system).
2. The electrical loadsrothe aircraft exceed the capacity of the alternatbichis unable to keep
the battery fully charged. The bus voltage will slowly decline until the low voltage &arm
triggered

You do not need to wire an external ungeltage alert light or systerithe VP-100providesvisual
undervoltage alertingandyou can easilgwitchto a backup alternat@ndload shed electrical
devices.

Further information about load shedding and low voltage alarms is described later in thisandnual
in the Operating Maual
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4.7 External Switch Wiring Considerations
External switchesan be wired to control devices, as well as the starter, trim and flaps.

External switches to control the trim and flaps may be installed. ThEO@Ruso allows you to operate
the pitch trimand flaps using the momentary switches on the switch panel (switches 7 & 8).

The VR 100 supports the following functions on the eight input pins:
Pitch trim switch

Roll trim switch

Flap switch

Flap limit switches (up & down limits)

Variable speed trintrigger switch

External switch (use an external switch to turn a pin on or off)

= =4 =4 -8 -8 -9

4.7a Wiring an external switch to control a device

External switches cape used to turn devices on avffl These inputs are provided to all@additional
manual switching capaliji over and above the switches on the Switch Panel. Before wiring these,
carefully determine whether you actually need the switches, or whether grouping multiple pins
together on a switch is sufficient.

The Control Unit haeight inputpins for optionalexternal switcheslhe current for the devices being
switched does not go through these switchibs. external switch tells the VB0 to switch the device
on and off Wire each switch so that one side goes to ground, and the other side goespotihe

on the CUAny switch of your choice may be used since you are not limited teduigknt switches.
The switches carry onlg fewmilliamps of currentThe function of that pin is determined using the
setup menu.

An example of a swita@swired to aninput pin is shown here:

%7 O O Control Unit

O\O Control Unit
Ground

There are a variety of vendors that supply switcRaselmount switches that match the \PO are
available from Vertical Power.

4.7b Wiring the starter switch

The starter switch can be a dedicated switch or a combination magadery switch with a key. J3 pin
4 is used to provide power to the starter contactor and that pin is always ON whenlfe igRurned
on.

See the Contactor Wiring guide on the &t Power web site
(http://www.verticalpower.com/documents.hjrfdr details on wiring starter contactors.
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J3, pin4 ]
O O Control Unit
O 1 Starter
Switch
Starter
Contactor

Note: Wire the VP-100 to the small post on the contactor, not the large post.

4.7c Backup Circuits

Thebackupcircuits allow you to wire backup power directly from the battery, through an extaseal
andswitch (separate from théP-100), and then to the device. Each circuit can provide backup power
to adeviceregardless of whether the sghtinternal to the Control Unit is on or off.

If you are wiring a backup circuit for an alternator, be sure the alternator or voltage regulator has built
in overvoltage protection. The backup circuit bypasses the OV protection built into the CU.

Therearethreedifferentmethodgo wire backupcircuits (method A B and G:

BackupMethod A
Use when each circuit needs a 5A breaker or less. Two circuits are available and described below:
Control Unit
\
‘ Microprocessor ‘ """"" 1 Switch ‘
________’,F___

To
—_— .
Device

Figure 1: Overview of a singlebackup circuit

Each CU has twimdependenbackupcircuits, labeledBackupA andBackupB. You may wire one,
both or none of thbackupcircuits. Power foBackupA comes in from the battery into J5 pin 9, and
provides power to J5 pin 3. Power ®ackupB comesn from the battery into J5 pin 10, and provides
power to J5 pin 415 pin 3 and 4 operate the same as other powergxospt when power is applied

to the input pins (J5 pins 9 and 10, respectively).

Switched
power
from CU

A J5 pin 9 J5 pin 3 To device
B‘d\p—/ J5 pin 10 |—* J5 pin 4 To device

+ -
Battery

Figure 2: Two independentBackup circuits

As shown in the figure, when the external switch is turned on, fused power is provided directly from
the battery to the device, and is electrically isolated from the compaémlled part of the Control
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Unit. Regardless of the statultbe battery contactor or microprocessontrolled switch, power is
provided to the devic&Vhen battery power is switched on, there is no break in circuit continuity
and therefore this option is appropriate for AHRS, EFIS, GPS, etc.

The intent is taise this circuit for devices that you may consider critical such as an EFIS or ADAHRS.
Wiring these circuits is optional.

BackupMethod B

Use when the 5A circuifgnethod A)arefilled, or when you need more than 5A capadigckup
capabilityis the abiity to provide power to an electrical device independent of the switching internal to
the Control Unit.

ON e » ToCU power pin
\‘: — » Toelectrical device
— o »—— To battery
Auto fuse

How it works: the switch is normally left in the Auto position, which provides switched power from

the Control Unit to the electrical device. Whbe switch is moved to the ON position, uninterrupted
power is provided directly from the battery to the electrical device. Make sure the switch and fuse are
appropriately rated for the load and wire skhen battery power is switched onthere is a bre&k
in_circuit continuity and thereforgrou should turn these on at the staranfIMCflight for devices

like AHRS, EFIS, GPS, et©ther devices like boost pump and lightoan cycle power without issue.

Example: You want to adaackupcapability tothe boost pump, but it requires a 10A circ\Wire the
boost pump to a 10A circuit on the CU via a switch as shown above, and bring in a wire with a 10A
fuse directly from the battery.

The documentation section of the web site includes a diagram shio@ingou can use tHeackup
circuits to wire a fAiget homed backup system.

BackupMethodC
Many modern EFISs have multiple, diedelated power inpufs typically a primary and a secondary
power input. The diode isol adependerstupbesfthate

inputs. Method C allows you to wire a backup circuit into the secondary power input on the EFIS (or
other device if that is the case) directly from the battery through a fuse and a switch. The EFIS will
automatically choosketween the inputs and select the one with the highest voltage. You must note to
turn the switch(es) off at the end of a flight, and no alarming is provided by the VP system.

Fuse Block

SPST EFIS

Secondary
Pwrin

Control Primary
Unit Pwrin
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Wire a fuse or fuse block near the battery. Size the fuse for the wires @ed recommended by the

EFIS manufacturer. Then wire to an SPST switch. The switch should be labeled Auto (down) and On
(up). When the switch is off, power will be sourced from the VP Control Unit. When on, power will be
sourced from either the batterysdirectly or the VP Control Unit. If the CU fails, then the EFIs still

has power from the backup circuit.

Backup Circuit Considerations

There is a great deal of subjective decision making that goes into determining the number of backup
circuits to wie. Backups are not uncommon in other systems on the aircraft. For example, the old
vacuumdrive attitude indicator had an electric turn and bank instrument for backup. A modern glass
EFIS is often installed with backup altitude, attitude, and airspeed-aiahgaugesYou have two
magnetos for redundancy, and if one fails in flight you can safely land at a nearby airport. But, if one
fails on the ground you would not likely takeoff with only one operating.

On one hand, backup circuits add more redungland on the other add more complexatyd failure
points.Ultimately, you as the builder should do what you are most comfortable with based on your
mission and aircraftHere we will provide a few data points to help in your thinking and planning.
They ae not absolute or regulatory, only suggestions for tho@gbtually FAR Part 91.205 specifies
minimum instruments required for flight).

There are two types of failures to consider. One type of failure prevents you from flying. The other
type of failue occurs while you are flying and may be harmless or could require you land at the next
opportunity.

With regard to failures that keep you from flying: there are many spales of failure that exist on
aircraft today. Would you start the engingake off if any of the following conditions existed:

1 Failed EFIS, AHRS, or engine monitor

1 Failed ignition or magnet

1 Leaky brake ering or tire inner tub®

1 Starter failure causing you to haptp the engine

1 Failed alternatoor battery contactor?
Thepoint is there are many single points of failure that can keep you from flying, and the safest thing
to do is fix the problem while you are on the
your plane breakahile you areaway from home. With thian mind, the VP200 should not be
thought of any differently than any other component that may ground you if it fails. While you can
wire backups for the master switch, starter, and alternatortdigldt you home, it may be overkill
considering thatitere are many other components on the plane that are likely to ground you as well.
Do you have two sets of engine instruments installed, including dual sensors for everything?

The other failure mode occurs when you are in flight. Perhaps the most @iidaackup for the

attitude source. The others will depend on your mission and whether you carry a backup comm. radio
and/or backup GPS receiver. If you figly VFR or have battery backups built into the EFIS system,
thenbackup wiring may not be neaasy. If you fly IFR, then critical circuits should be protected by
backups and engaged prior to entering IMC conditions.

Switches for backup circuits engaged regularly prior to entering IMC conditions should be located on
the instrument panel or in aagrto-reach place. If you choose to wire backups such as a master
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switch, alternator field, and starter, these can be placed in a hidden location as you would not expect to
use them except in the case of a system failure and while on the ground.

Aft-mounted battery considerations

If the battery in your aircraft is mounted in the aft section of the aircraft, you must take special care to
route the backup switch wiring because the routing is longer than for front mounted batteries. You may
want to considerunning a slightly larger wire to account for the additional length. FAA AC 4BB.3
includes a chart (figure 12) to determine the wire size.

Another consideration is that the relatively long length of wire must be protected from short circuits.

There ae two options to choose from:

1. run each backup wire to the back, and to an individual fuse in a fuse block. Have a fuse block
in back with a short wire (perhaps 12ga) to
because it is so short. lfvare running to the front shorts, you lose just that circuit.

2. run a larger wire from the back to the front. Install a larger fuse in the back to protect the long
run to the front, then smaller fuses in the fuse block up front for each backup Elmwméver,
if the larger fuse blows all the backups fail in one shot.

Keep in mind these are backup circuits and m=normally only used when the primary switching method
fails. Choose the option that works best for your mission and personal assessmeits off ie@ch.

The diagram below shows the relative layout of the backup circuit components. Note that the fuses (or
breakers) are in the back near the battery, providing protection for the wire run forward.

=
\
\

Fuse Battery
Backup or

Switch(es) Fuse Holder
(near battery)

4.8 Flap System Wiring

You can use switch 7 ordh the Switch Panel to control the flaps or you can use an exiamal
switch. Theexternalflap switch should be an SPDT momentary action switch {ONj-(ON), with a
middle OFF position.

The flap switch has three pins: a common, @melto commanélaps up and one to command flaps
down.

Both flap motor pinson the Control Unit (J3, pins 1 & Aye wired directly to théap motor.See the
Flap & Trim Wiring Diagramon the web site.
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Contral Unit Flap Maotor
C
Flap

Ground Switch

A future software release will support inter me:t
switch to move to the next position down or all the way up.

You should consider adding a flap position sensor for the following reasons:
1 to show flap paition on the display
1 to allow intermediate flap stops
1 to enable variable speed trim (speed changes if flaps are up or down)

RV flap system: Do not i nstal |IYounagnstdla Rayaled-| ap |
POS12 position sensor, avallke fromhttp://www.rayallencompany.com/products/indsens.iemi
provide position indications.

This sensor is wired to CU#1, J7 pins 10, 28, 29 (see Load Planning Worksheet).

Lancair flap system note: reference the Lancair Flap wiring diagram (available \dR web site) for
instructions on wiring a Lancalregacy/ESlap motor with limit switches and position sendasncair
IV uses a hydraulic flap system and is not cotdié by the/P-100. Rdd Enterprises
(www.rddent.conor 541350-1020) sells an electric flap system for the LancatPl\allowing greater
control of the flaps and fewer hydraulic linégwever, you can install a flap position sensor
(connected tohe CU) to display the flap position on tlsavitch Panel

Note on flap limit switches: limit switches should be wired inrtbamally closedNC) position,
meaning that the switch OPENS whea timit is reachedLimit switches are not normally needed
(such as in RVs) unless the aircraft kit manufacturer specifically calls for(treemair, for example)

4.9 Trim Switch Wiring

Most experimental aircraft use pitch, roll and yaw tsenvosirom theRay Allen Company
(http://www.rayallencompany.comTheseservosare selfcontained units that include tkem motor
as well as a position sensor. Thesevosare designed to run at-112 volts, and the Control Unit
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provides regulated 12v power to thiniimotors so they can operate safelyt4v or28v systems. The
general principles described in this section apply to other brands of trim motor as well.

The Ray Allen trim servo (model2-7A-TS, T210A-TS,or T3-12A-TS) has five 26ga wires, as
shown inthe diagram below:

Wht ——————————
wht N Servo

[0
B
Wht/green —/7

Wht/orange—/
0 | I 0

Wht/blue
The trim motoiitself is driven by the two white wires. It does not matter how they are connected, as
the polarity can be changed in the setup menus. The direction of travel is controlled by reversing the
positive and negative connections to the trim motor. This is done camvait using switches or
relays, but is done in the Control Unit with sedithte circuitry. Therefore, no external relays or
switches are required between the trim servo and the Control Unit

The position sensor uses three wires to determine the pasitibe sensor within the servo
white/green, white/ orange, and white/blue. The three wires are connected within the servo to a
potentiometer, and are wired directlyJo onthe Control Unit.

The trim motor wires and trim position sensor wires mustibed to the same trim group on the

Control Unit. A trim group (designated as either group 1/blue or 2/yellow) consists of two pins for the
motor and three pins for the position senSomply put, you wire all 5 wires from a servo to either

trim group.

You can use switch 7 or 8 on the Switch Panel to control the pitch trim or you can use an external
switch. You can wireexternaltrim switches to control pitcAndroll. Each CU has two trim circuits.
The Switch Panehas a trim indicator on the screehiah shows the trim fdoothaxeswhen the trim

is running It can also be selected manuallyany timeo show the positioriYou can control two axes
with theVP-100 If you want to control a third trim axis, you caire the third axis in a conventional
mannerand gepower from one otheVP-100power pins

You can wire trim switches for the pild@.o-pilot switches should be wired in parallel with the pilot
switches.The trim switches shoulde momentary action so the trim motor runs only when thtéon
orleveris pressed. You can use either an SPST momentary action butte{OQI-Br an SPDT
momentary action switch (ON)FF(ON), with a middle OFF position.

Each trim axis (pitclor roll) requires two input pins: one to command trim in one tivacand one to
command trim in the opposite direction.
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Trim Dn

o O . ;’Lrgn l\_/ltptor

1 Control Unit : osition |[——
' ensor

O O Trim Up

\%

Ground

You may optionally wire a master trim disconnect switch in series between the CU and the trim motor.

4.10 Variable Speed Trim Wiring

If you want to enable the variabképeed pitch trim function, you can use a miswatch on the flap
torque tubeor an airspeed sensor to ground an input pin on the Control Unit. When that pin is
grounded, then the trim will run at a slower speed as $pedaif the setup menudJse switch input #6
(J7 pin 35) or #8 (J7 pin 34N the Control Unit.

Note: if a flap position sensor is installed, then you do not need to thedwitchesbelow as the flap
position sensor is used to determine flap position.

Flap Micro -switch

Install a micreswitch near the flap torque tube. Attach a small bracket on the torque tube that closes
the micreswitch when the flaps are UP (retractéd)pically, a piece of angle held on to the tube with

a hose clamp works wellhecommon terminal on the switch should go to ground (use the same
ground block as the Control Unit ground), and the normally open terminal should go to the Control
Unit input pin.

Flaps Up Flaps Dn
( j

[
V

Ground

Control Unit

Airspeed Switch

The airspeed switch will close above a certain airspeed.té€minal on the switch should go to

ground (use the same ground block as the Control Unit ground), and the other terminal should go to the
Control Unit input pin.

4.11 Dual or Aux Battery Wiring

A diagram is available in the Documents section of the Veffloaler web site showing how this can
be wired.

A wire from the aux battery to the Control Unit, J5 pin 11 or 12 can be used to measure the aux battery
voltage.
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4.12 Landing Light Wig-Wag (Pulsing) Considerations

Various circuits can be configured to wig wadezral lights. In order to flash two different lights,

they must each be wired to a separate pin. Lights that are wired together to a single pin cannot be
flashed separately (although they can be flashed together). Wire each light that you want to flash to
separate pin.

In the setuscreensyou specify whictpin orpinsyou want to wig wag.

4.13 Light Dimming Considerations

EachControl Unit has three 5 amp dimming circulEsch of thesareconfigured in the same manner
as standard on/off circuijtwith additional capability for dimmingdimmable pins may be used for all
interior and exterior lightsexcept those with transformeBimmable circuits are controlled by switch
7 or 8.

The dimming circuits can be configured to operate in one of three ways:
1. On/Off: turns on and off the circuit just lilksgandardn-off mechanical switchNav lights,
strobe lights, and HID lights should be configured to on/off and may be wired to standard non
dimming pins.
2. Soft start: power will "ramp up" at turn oWhen a cold light bulb is turned on, it draws a
|l arge amount of current and Ashockso the | i ¢
Select soft start only for devices that have a largeish at turn on such #&ndinglights. Do
not soft start aionics, HID lights, or other sensitive equipment.
3. Dimmable: allows you to control the brightness of these circuits fsantiches 7 or 8When
turned on, t hoery fwia nhefigooaprasaheusyitah up or down.

Note: in the event of processor reset on the Control Unit (this is not a normal condition, but should be
taken into account for planning purposes), dimmable circuits will turn off until the processor operates
properly again (typically <1 second). Therefore, essential avionagdnot be wired to dimming
circuits. Standard nedimming circuits will NOT change state if the processor resets.

Dimmable pinon the Control Unishould be wired to the corresponding light as follows:

Control Unit Light

EachHID (Xenon) light should be connectémla 10A oran 18A line.Configure for On/Off ONLY.

For panel lights, you might consider wiriag easilyaccessibleheostat in line between the CU and
the light.In this case, you can wire the light to a standard-@iomming) pin as the rheostat proesl
the dimming functionEnsure the rheostat is sized appropriately for the electrical load.

Control Unit OA, Cabin Light

Rheostat

4.14 Boost Pump & Primer Considerations

TheVP-100supports the use of a boost pump and/or a primer pump. A-sipgéel boost pump (such
as t hat us eaft with bycomiagedgmesppeeds ane power pir dualspeed boost pump
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(such as that used in Lancair aiftsaith Continental engines) needs two separate power pins and a
way to switch each one on exclusively of the other.

Each is a separate device aaoh therefore be controlled independentlye examples below show
this:

Example 1: Control Unit Primer

Example 2: Control Unit BoostPump
BoostH

Example 3: Control Unit BoostL | BOOStPump

Boost pumpshould be wired to 10A or 18A circuits.

4.15 Electronic Ignition Considerations

TheVP-100can be used with various electronic igniti¢g$) as long as the appropriate safety
considerations are taken into accolhbst Els, such as Lightspeed ointags, require external

electrical power to operate. Others, such-asdgsor Lasar have internal backupnd can operate

with or without externapower. Pmags require external power for starting and id@low the

directions specific to Subaru engine wiring, which can be found in the Documents section of the web
site.

Make sure that at least one ignition source is wired directly to the batterysaper the ignition
manufacturero6s instructions i f you are npunni

If at least one magneto ofrpag is installed, you can provide power to the other ignition via the
Control Unit. Consider using some formBdckupsCircuit (see sectiod.7¢ to provide power in case
of multiple failures (failure of the magneto and failure of the CU at the samestimghly unlikely

but possible).

Some examples are shown below, and are meant to be guidglipeEhe builder is responsible for
determining the appropriate level of redundancy for his or her aircraft

91 Dual Lightspeear emagignitions: wire one directly to the battefyp er manuf act ur e
instructions)and one to the Control Uni@r, wire bothto the batteryper diagram in the
documentation section of the web site
One Lightspee@-magand one maggta wire the Lightspedd-magto the Control Unit.
Dual pmags: wire both to the Control Unit.
One emag and one-mag: wire both to the Control Uron individual power pins.
Dual magnet os: neither is wired to the Cont i
Lasar: Wire the Lasar poweircuit to the CU.

= =4 -8 -4 -9

Most Els come with a-fead connection that disables the ignition when theag is grouded,
simulating the behavior of a magneto. Thie@d should be wired to the magneto switehich is not
part of the VP100 system.
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With some ignitions (pnags for example), you may want to disconnect power to test the-péwer
operation. You can ddis by wiring a switch in between the Control Unit and each ignition to cut
power to that ignition.

4.16 Wiring Hydraulic Pumps or Non-VP Air Conditioning

Aircraft that have a hydraulic pump (for flaps and/or gear) or avetical Power air conditioning
system should install an isolation contactor. This is a fairly simple and straightforward installation and
is detailed in théanding Gear Wiringliagram n the Documents sectionwatvw.verticalpower.com

The isolation contactor prevents thbus fuse (the small 20A fuse in the yellowlime holder) from
blowing when the hydraulic pump or ndfi° AC is running while the system is otbas. The
hydraulicpump and/or notVP AC should be wired to the isolation contactor and not the battery
contactor.

A refresher on VP system operation: power is provided to the Control Unit via a smaller 14 gauge wire
connected directly to the battery through a 20A fusdg@ahe ebus), or via a large gauge wire from

the battery contactor. The CU automatically selects the source of power. Normally-20€ Vilhs on

the ebus during prdlight or if there is a battery contactor failure. If the system is-bnsand the

hydraulic pump runs, it will blow the-kus fuse. The isolation contactor isolates the hydraulic pump

and or norVP air conditioning from running when the system is on the®

4.17 Retractable Gear Considerations

The VR 100 does not directly support retrdadtagear, but it does not preclude you from installing the
VP-100 in an aircraft with retractable gear. If your aircraft has retractable gear, then simply use the
Control Unit to provide lowcurrent power (<15 amps) to the gear circuit. Higinrent loadsike

hydraulic pumps should be wired directly to the batterng@ationcontactor(see previous section)

You can annunciate the gear up and down with standard green annunciator lights on the instrument
panel. In other words, use the Control Unit asia@of power, just like a circuit breaker or fuaad
follow the directions provided by the kit manufacturer

4.18 Load Shedding Considerations

Load sheddings used tdurn off devicesvhen an alternator fails that are not absolutely necessary for
the type 6flying you do. Load shedding should be configured to allow you to fly safely and for an
indefinite period of time to your destination or until VMC conditions exist. To be safe, you should plan
the loads to be a maximum of about 80% of the rated outpyaiuofbackup alternator. You have two

ways to structure this: 1) increase the size of your backup alternator, or 2) minimize the loads. Once
you are running on the backup alternator, you should be able to continue your flight and keep the bus
voltage runmg at its normal level. Too much current draw from the devices will cause the bus voltage
to slowly decline, even with an alternator running. Use the Device Amps.xls document to assist in your
planning.

Load shedding is accomplished on the-M® by assiging pins to switches in a way that you can

quickly and easily load shed. We recommend that the avionics you want on during load shed are
assigned to switch 1, and the ones you donodt w:
simply move switch from the primary alternator to the backup alternator, and then turn switch 2 off.
Other devices like lights, boost pump, etc. are assigned to the other switches so you can turn then on or
off individually.
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When a battery contactor failure occurs, the MI® automatically switches to the endurance bus. It

will automatically turn off all the pins except those powered by switglod can turn switches-2

back on afterwards i f necessary, so |®dusg as t he
Make sure to set the maximum actual load on switch 1 to not more 2leangs. You can test this

during the system checkout.

The load sheddingwitchconfiguration can be changed (via the Setup Menus) later during the flight
test phase, if necessary, basadotual flight testing.

If you do not have a backup alternator, then load shedding should be configured to minimize battery
drain until such time you can land safely. Typically, 30 minutes is a good target to shoot for. This can
be verified during the iijht test phase.

Load shedding is typically started when a low voltage condition oddthren your primary alternator
fails, the bus voltage drops below a{get alarm level, at which time the low voltage alarm is
activated.

One final note: do not thknabout load shedding the eldshioned way where you must tie a group of
devices to a specific power bdheVR1 00 creates a fAvirtual buso to
the proper power source.

4.19 Load Planning Worksheet

Completing the Load Planningorksheet will guide you through the planning process and hopefully
answer many questions you may have along the Wag/LPW can be found on the Vertical Power
webs site. Start with either a blank LPW, or one that is already completed, and you cantrtwmdify
match your aircraft.

You will find that the Load Planning Worksheet has many uses. It can be used to:
1 plan pin connections prior to entering the data in the setup menu

1 analyze overall electrical system loads

1 aid while wiring your aircraft

1 documenthe wiring in your aircraft for future referentea A wi r e book o

After the LPW is complete, you will enter the values into the ssetogpen®n the VR100.

Below, the steps necessary to complete the Ldéeahihg Worksheet are outlined:

1. Determine the werall configuration of your system and the type of alternators you will use.
Note thatyoumayre val uat e this decision onceiyoudyv
thatdos OK as it can be easily changecetheehi |
aircraft is wired!

2. Make a list of all the loads, where they will be located, an@d¢hgal current draw of each
load. Flaps and electritimar e transi ents and donét need to

3. Determine the length and size of eadle.

4. Determine the circuit breaker value for each load. This value is typically provided by the
manufacturerRemember, the circuit breaker value is determined based on the size of the wire.
The wire is sized based on the load it provides power to.

5. Decide what optional external switches you need. Options include flap and trim switches, and
switches to control individual devices.

e
e
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With the above in mind, read through the detailed planning instructions below ariil thretine

worksheet. The worksheets di vi ded i nto sever al Excel wor kst
correct right away. It will likely require a few iterations before you are comfortable with the results.
You never know wh asgyouidmtseiplgnmibgs you o1l | have

4.19aFilling out the System tab

This tab in the worksheet documents your overall electrical system configuEattenyour tail
number, check the type of system you are planning to build, igiliipn type,and alternator types.

Vertical Power Load Planning Worksheet (Beta)

, VP-100 System Planning |
4 Taé Number | 1 Aucrak Type ==

sssss

4.19b Filling out the Switches tab

The svitches tab is to provide information about the switch layout. Also shown is a list of the pre
made labels that you can use to mark each switch.

4.19c Filling out the Control Unit tab

The Control Unit tab contains the list of all the electrical connectionseo@ahtrol Unit.J3-J6are
power connectors, and ik a dsub connector.

Many boxes are colored to help organization. Boxes shaded in grey mean that no entry is required.

The most common reason is that a pin is unused. Boxes shaded in yellow identify those pins which
have a wire as part of the standard wiring harness.
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Vertical Power Load Planning Worksheet (Preliminary)

Control Unit
Pin
Name Circuit
Max Actual {4chars Breaker Assignto Wire Length
Amps Amps max) Value Switch Type Marking AWG () Notes

e e e T

38 | [ 5 [su I [ Fiae [ 13 15| ]

35 | | 5 |80 ] | FLae | 13 15

[ Always on STAR

AP | 5 3 3
4

ER 18 10

e T e e e O e O P A . ..

T [oesed ] l

Take eaclelectricaldeviceand assign it to a power pin. Donoét
Just get all the electrical devices assigned to the correciStart with the higher current devices and
work your way down to the lower current devices.

There are 5, 10, and 18 amp circuits. You can always set a lower circuit breaker value than the
maximum current specified for a specific pin. For example, you can put a 3A device on a 10A circuit,
but not the other way around.

Note that some externaliggulated alternators, such as B&C LR3C, require two wires. Put each
one on a separate pin, and make sure they are both assigned to the same switch. The same applies if a
radio or other device has two independent power inputs.

Column explanations:

1 Max Amps: The maximum current load that a pin is capable of handling. A load drawing more
than this amount of current will fault (i.e., turn off) tiecuit.

1 Actual Amps: The actual current drawn by a device. It is recommended you measure the
ACTUAL current draw of each device prior to installation in the aircraft using an ammeter
(commonly available from a friend at no cost or from Radio Shack, Sears, and electronic
supply stores for a reasonable one). The total actual current draw should not extegxs 60
Ignore the flaps and starter in this calculation, as they are transient loads.

1 Pin Name: This is the name you want to associate whépin This names configured during
setup, an@ppears on the screamen a fault occurs so you can identifig circuit

9 Circuit Breaker: The maximum current allowed for that pin. You can enter any value between 1
and the limit of that pin in increments of 1. This value is equivalent to a circuit breaker or fuse
in a traditional systenif a load draws moréain the Circuit Breaker value, then that load will
show a fault. If too large of a breaker value is used, then the wire may overheat or fail. If too
small a value is used, then the device may fault the circuit because it doawsdh current.

The VR100premade harness&scludes only four sizes of wire: Signal wire2AWG, 5A
circuit - 20AWG, 10A circuit- 18AWG, and 18A circuit 14AWG. Above all, follow
manufactures' recommendations about circuit breakers. Example: If your NAV/COMM radio
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documenttion calls for a Zamp circuit breaker, use 2 amps even though the 20AWG wire
running to the radio is capable of carrying 5 amps.

Assign to switch: Specify which switch controlhe pin For more information, se®witch
Assignment Consideratioms section 4.

1U, 1D, 1B Switch 1 is a three position switch (up,ddaiie, down). On when switch 1 is up
(V) or down (D). 1B means the pin is on when the switch either up or down, and
off when it is in the middle position.

2,3,4,5,6 Switches 2 through Gr@two position switches (up, down). Pin is on when the

switch is up.
On The pin is always on when the MO0 is on.
Off The pin is always off.

Dimmer Type: This applies only to the dimmable circuits. Select one of three behaviors for
each circuit.

1. On/Off: turns on and off the circuit just like normal pins.

2. Soft start: powerwill "ramp up" at turn on. Select soft start only for devices that have a
large inrush at turn on, such as lights (lmatt for HID lights) or a heated pitot tulfbut not for
a Gretz Aero or Dynon heated pitot which has its own internal temperature regulzdomt
soft start avionics or other sensitive equipment.

3. Dimmable: allows you to control the brightness of these circuits from the Device List.
Wire Marking: The lettering marked on the wire provided in the wiring harness Kkit.

AWG: The size of the wire based on the industry standard American Wire Gauge.

Length: The estimated length of the wire you will need for this device, and if a yellow shaded
row it refers to the wire included with the wiring harness kit.

Fill in J7 with the appropriatewitchand trim/position sensor connections. Note that the flap position
sensor is wired to7Jand the flap motor power is wired t8. T he keep alive circuit has powterit at
all times.

What if | run out of power pins?
There are several options if you have more electrical devices than power pins on the Control Unit.
Evaluate each of the following and choose the one that makes the most sense for you:

1.

2.

Send your LPW tinfo@verticalpower.conandwe can help you with it. Best done over the
phone.

Combine several devices togetheraggower pin. Typically these

are lowcurrent devices that are all switched on and off together.
Since the circuit protection is designed to protect the wire, you can
group items as long as the CB value does not exceed the specs for
the smallest wire. For example, and XM receiver and CO detector
could be combined on a circuit and set to 2A fi$e dwnside

is if one device faults, then all devices lose power.

Create an auxiliary bus by running an 18 gauge wire from one of
the 10A power pingset CB to 10A}o a fuse block with 6 or so Control Unit
fuseholders. From each fused tab, run a wire to the deviceobo n
install fuses rated at more th&A, and ensure the total load does

Fuse Fuse | —

Fuse Fuse | ——

Fuse Fuse | —m
[ ]

10A
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not exceed about 8A. Often devices that need a 1 to 3 amp fuse draw less than half an amp, so
you can easily put 6 or 8 devices on a fuse block. When an individual fuse blows, tkeacgher
unaffectedAll devices will be turned on and off together.

4. 1 f youdre wiring backup circuits, you may al
backup circuits. Run devices off this fuse block, through external switches.

4.19d Review

It is a good idea to review the Load Planning Worksheet in its entirety, remembering that it is easy to
make changes on the Excel worksheet. Changealsabe made later oafter the information is
enteredn the setugscreens

Review the following common mistakes:
- Doubl e c h e cskecifietkhe torrgcioszedwiriag.
- Verify that the trim and flaps are grouped and wired correctly.
- Make sure that the starter, flap motehes, battery contactor, anetie contactor are wired to
their designatedips (shown in magenta).

You are now ready to begin installing your system!

5 Step 2: Install Components and Wiring

5.1 Pre-Installation

Warning: Disconnect battery power before installation.

Before you begin the actual wiring, be sure to reviewwardérstand the wiring diagram for your

specific electrical system configuration. Vertical Power supports four different configurations, and the
wiring diagrams can be found on the web site i1
to match on@f the configurations. Any deviations may cause unsafe or unknown results. Please

contact Vertical Power tech support if you have ANY questions. An example of the Config 2 diagram

is shown below:

Prior to installation and wiring, the following should densidered:

1  The batteryn the aircraft should NOT be connected until the wiring is installed and each
circuit is individually tested. Do not run wires while the battery is connected.
Tip: Disconnect the battery ground cable first, then the positive.dAfblen reconnecting,
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