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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.

Read the Warranty / Agreemeselow. There is information in the Warranty / Agreement thay
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 for a refund if you do not
accept the terms of the Limited Warranty / Agreement.

Vertica | Power Inc. is not I|iable or responsibl e f
personal injury, property damage, missed commitments, lack of use of an aircraft or any expenses
incurred due to: product failure, inaccuracy in displayed diatext files, display or display format

issues, software bugs or problems, upgrade or customization issues, misinterpretation of the display,
warning and/or limit settings, calibration problems, installation issues (leaksyinmg, obstructions,

damag t o aircraft or components, incorrect inst a
etc.) or any other issues related to the installation or operation of this product. All of the above are
solely the pil ot* s tyamhhepilotmustunderstantl theeopetason ofthis ponsi |
product before flying the aircraft. The pilot will not allow anyone to operate the aircraft that does not
know the operation of this product. The pilot will keep #i&50 OperatingManualin the aircrafiat

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 monetary compensation, including punitive damages for any
incident, harm and/or damage associatati 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 installer may want to obtain an appropriate insurance policy before installing this product. If
youdo not have the skills, knowledge, tools, equipment or facility, to perform and determine the
installation of this product is safe, reliable and accurate and to determine this product is operating
properly after installatiorDO 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 product may be returned for a refund by contacting Vertical
Power Inc.

The pilot must undergand 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. Keep the Operating
Instructions in the aircraft at all times. The ability for this product to ctiyreontrol electronic
components and detect a problem is directly related to the pilot's ability to properly install the system,
program proper configuratigmnd limits, and the pilot's interpretation and observation skills.

It is possible for any sysin to fail thereby disabling electronic components or displaying inaccurate

high, low or jumpy readings. Therefore, you must be able to recognize a system failure and you must
be proficient in operating your aircraft safely in spite of a system falllirtS THE BUILDER

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

AIRCRAFT . If you do not have this knowledge or skill, contact the FAA, a certified aircraft



mechanic, or a lot¢dlight instructor for training prior to building or flying the aircraft with this
system.

Do not allow anyone who is not qualified to modify tranfiguration data. If setugataare
inadvertently or improperly changed, you could get inaccurate reattiaigsay lead to improper
operation of the aircraft, flaps, trim, starter, landing gear, or engine. This could result in an unsafe
configuration of the control surfaces, engine damage and/or an emergency situation.

Before flying the aircraft verify thenstrument 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 througta dataport. Thesedata must be verified by the pilot before it is used.

Before starting the installation, make sure that your planned installation will not interfere with the
proper operation of any controls. The installer should uset aircraft standards and practices to
install this product. Refer to AC 4323\, Acceptable Methods, Techniques, and Practi¢ascraft
Alterations and AC 43.13B, Acceptable Methods, Techniques, and Practigesraft Inspection and
Repair.

TheVP-50 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. (*"VP”) war r aohsyssemandsystem r cr a f
components to be free from defects in materials and workmanship for a period of three years after the
retail invoice date. VP will repair or replace any system components under the terms of this Warranty
provided the item is returnéd 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 subjected to misuse,
abuse, accident, incorrect wiring, or improper or unprofessional installation Ipeeson. THIS
WARRANTY DOES NOT COVER ANY REIMBURSEMENT FOR ANYONE'S TIME FOR
INSTALLATION, REMOVAL, ASSEMBLY OR REPAIR. VP reserves the right to determine the
reason or cause for warranty repair.

1. This Warranty does not extend to any engine, machimeagjrboat, 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 ARE LIMITED 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 PROPERTY ARE NOT COVERED, AND ARE EXCLUDED.

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

4. The pilot must understand the operation of this product before flying the aircraft. Do not allow
anyone to operate the aircrédfat 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 damages incurred during Shipment, except for
situations where the system fails away fromtheaacf t *“s home base and the ¢
fly the aircraft, at whichtime VP shall at VP" s pay bngonewagsbippiag chaoges,to

the purchasefUsS 48 states only)

6. No one is authorized to assume any other or additional KafoititvVP 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. IF YOU DO NOT AGREE TO ACCEPT THE
TERMS OF THIS WARRANTY, DO NOT INSTALL THE PRODUCT.

8. This waranty 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

OR WRITTEN. VP EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A ARTICULAR PURPOSE. THE PURCHASER

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

LOST PROFITS, LOSS OF USE, OR OTHER ECONOMIC LOSS. EXCEPT AS EXPRESSLY
PROVIDED HEREN, 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 STRICT PRODUCTS LIABILITY IN TORT.



Change log

Change date Change

3-17-08 Initial draft relese

8-24-08 Added information about alternator control.

11-7-08 Added configuration instructions.

1-29-09 Swapped pitch and roll trim motor groups on J8

3-16-09 Added additional method to wire backup circuits.

3-23-09 Added section on import/export trbleshooting.

6-29-09 Add v20 items, see release notes on web site for details.
Moved software upgrade instructions to release notes.
Updated S7, S8 functions.

5-1-10 Removedeature implementation sectiomo changes for v21 update.

12-20-10 Clarified pitch trim configuration.
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1 Introduction

1.1 Welcome to Vertical Power!
TheVP-50is a new and innovative way to intelligently control the electrical devices on your aircraft.

While theVP-50 makes life a lot easier for the builder, it's not simply a{alndplay solution. The
builder must still run wires to electricallyowered components and this wiring takes some careful
planning. Please take the time to read and urtdesthis manual before proceegl

This manual describes the installation steps and tgabsinecessary to install the-50. It is also
intended to provide the information you need to know to capably wire your electrical syteause
many of the features are controlled using the sstopensather 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 afiddtlred
electrical system.

1.2 Vertical Power Terms

Load A user of electrical power. It may be a light, radio, GPS receateatactor, or EFIS,
just to name a fewA load is wired 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. Spectglurpose pins are provided for flaps, trim, staréed the

battery contactor(s). Most pins, however, are 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. @heapi

be configured for soft start or light dimming in 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 sy§lesub connectors are
smaller and provide signal and low 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)ampmh
current devices.

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

Circuit breaker While theVP-50 does not use conventional circuit breakers or fuses, the term is very
common and herein is used to mean the maximum cwrentuit will draw before
faulting.

Fault TheVP-50 protects each circuit from short circuits as well as -@ugrent conditions.
When a fault occurs, théP-50turns the faulted deviaaff, shows a message on the
screen, and turns on the fault light.

Backup circuit A backupcircuit allows you to power a load directly from the battery through an
external switch (separate from t€8-50). When the external switch is turned on,
fused power is provided directly from the battery to the device regardledsetier
or not the battery contactor is closed orWie50is 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 battey @ectrical bus.

LA . . .
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p-lead This is the wire that goes from the mag switch to the magneto. Therdesd for
each magneto ®dm the switch.

1.3 Other Reference Documents

Vertical Power provides other documents that should be used in conjunction wittathid to help
you thoroughly plan a safe and effective electrical system for the type of mission yblefly.
following documents are available on the Documentation page of the Vertical Power web site
(www.VerticalPaver.con), and should be reviewed in conjunction with planning your electrical
system.

Document Description

VP-50 Load Planning Worksheet This Excel spreadsheguidesyou through planning and
configuring the data and power pins on ¥&50. It allows
you to document and plan various parts of the required 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
contributins come from builders.

Config 1,2 These documents show wiring defait the different
electrical configurabns supported by théP-50.

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 Molexsdb,
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 your aftcafid 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 Practidgscraft
Inspection and Repaavailable fran www.faa.gov
1 FAA Advisory Circular AC 23.1311Iinstallation 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%iatplified.html
An aircraft electrical system can be divided into three parts
1. “ Ba c k lcompomérd: aircraft batteryaltemator,voltage regulatorgontactorsand
associated wiring Contactors are just higlapacity relays that are energized by |mower
signals but allow large amounts of power to pass through.
2. Buses, switchesand circuit protection (fusesdor circuit breakers)
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3. Users of power and the wiririg and from those user&Jsers may be lights, instruments,

avionics, pumps, etcThe ermdeviceor loadis used in this manual to generically descabe
theusers.

More on electrical system basics:

1 The aircraftbattery andalternator provide power to all electricaHgependent systems.

Normally, the battery powers systems before dunihg starts and then the alternator takes
overcharging the battery and providing power to the electrical devikdsattery contactor,
connects (or disconnects) the higlrrent wires between the battery and the main power
distribution bus

Power typcally runs from the battery/alternatoretectrical bussesbehind the panel where
power is split and sent to individuaévicesthroughcircuit protection devices(fuses and
circuit breakers) and switchebheVP-50 assumes the role of busseiscuit protection,and
most switches During construction, using thé?-50 greatly simplifieghe task ofwiring your
aircraft.

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

To complete thelectricalpath,devicesmusthave a ground This meas connectinga ground
wire to the metal aircraft structure (aircraft ground) or runaiggoundwire fromthe devicdo
a central location such as a firewall grounding point.

2.1 Alternator Operation

The alternatoprovides power to deéces and alseharges the aircraft batterijhevoltage regulator
continuously monitors the bus voltage and adjusts the output of the alterflatoregulatoonly
workswhen it is poweredrom a bus through a wire called theld wire. Somealternates 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 leedR-50 supports
both configurations.

Today" s e xirpratrare powered byl eithar 14 volt or 28 volts systems. Oftermgayuhear
12 volt or 24 volt systems. Why the difference? The reason is because the batteatesliaeither

12 or 24 volts. When the engine is running and the alternator is tunnéukaalternator generates 14

volts or 28 volts, slightly higher than the battery voltagetwill keep the battery charged.

If you have twaalternatos like those showin config 2, only onalternatorshould be powered on (in
other words, the fielavire is poweredat a time Therefore, we refer to one alternator as the primary

and the other as the secondarystandbylf both are on simultaneously, they do not equally

contribute” to powering the | oaahghestVdiage valin e

draw all the current (sometimes called current hogging), possibly overloading the alternator.

When planning your electrical system, assume the alternator provides 80% of its rated output (in
amperes)and therefore your totalconimmus | oad (don"t \arothertyanseéeft o u t

load9 should not exceed 80% of rated alternator capacity.
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2.2 Wire Sizes and Circuit Protection

A table below shows wires sizes versus loads for a typical homelaglairplaneT he wire size an
be larger than necessary but should not be smaller.

Circuit breakergand fusesprotect the wiring, not the devick.the breaker isab large,then the wire
may overheaandfail. If too small, then the device may fa(treaker tripspecause it dws too much
current.

Most kit aircraft companies and avionics companies provide recommendations for sizewandire
breakes. You can use these recommendatio®, you carborrow orpurchase an ammeter (typically
under $50 at Radio Shack, etc.) mgaghe currendrawof each electrical devicand then determine
the sizes yourself.

When you know the current drawrfeach device, use the chart belmnsize wires from th&P-50 to
devices. For simplicity, hewiring harnesssavailable fromVertical Poweruse the four wire sizes in
the table.

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

2.3 Grounding

Many people think that the power, or positive, wire is the most important wire to provide electricity to
a device. Thelectricalgroundis just as important as electricity must flow the entire path from the
power sourceéo the device and back to teeurce 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 notablyunwanted noise.

Grounding is asnuch of an art as it is a science. With that in mind, several options for grounding your
system are provided below. Choose the one that best fits your Keegsin mind thatnore wiring

means more weigltalthough likely negligible) Also, note that imall the examples below 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.

1 Option 2: Run ground wires from all the avionicsadntermediategrounding 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 rurhtre ot
ground wires to a local ground ifeetal part of thairframe located near the device).
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2.4 Switch Nomenclature

There are many types of switches available for use in airaradthis manuaivill show the basic
types that you mawyantto usewith theVVP-50. The chart below shows the most common switch types.
A parenthesis () around a switch position indicatesatmomentary, sprintpaded position.

Switch Type Abbreviation Symbol Mechanism
O \O OFF-ON
. OFF-(ON)
Single Pole,
Single Throw SPST
OFF-(ON)
—0 O—
Single Pole ”_%_ ON-NONE-ON
DOL?bIe ThrC,JW SPDT T 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
K (ON)-OFF-(ON)

2.5 Alternator Current Sensing

When planningyour 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 is providing.

Our recommendation that ax ammeter is ot necessary when installing the \8B because this
function is built into the VF50. However, nothing precludes you from installing one separately from
the system.

3 VP-50 Overview

3.1 Installation
The installation of th&P-50 is accomplished ifive main seps:
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Step 1: Planning Step 2: Installation Step 3: Configuration
Complete the Load .| Install the Vertical | Configure Vertical
Planning Worksheet. "| Power components "| Power system using
and wiring. setup menus.
v
Step 4: Ground Test Step 5: Flight Test
Verify proper .| Verify proper
operation on the | operation in flight.
ground.

Following these steps will increase the likelihood of a troditde 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 dividends later on.

3.2 Components
Vertical Power provides the follongrcomponentgor the VP-50:

Switch Panel  This unit mounts in the instrument panghe screen provides electrical system
status information and setup information. The unit heslaannunciatoas well as
eightswitcheshatcan be configured (via sep screensto controlthe electrical
devices Stick-on labels are included to label the switches. Each switch has a built
in LED light to provide status and/or alert information to you. An ambient light
level sensor is recessedtire bezelThe acknowledg button is used for alarms and
for the setup screens.

Alarm acknowledge Message display Item acknowledge

e
A Vertical Power

User configurable switches (On-Off) P:;:lkt;:’m
| |
Alternator Configurable
select switch momentary
(On-Off-On) switch
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Control Unit This unit mounts behind the instrument panghaome othelocationin the
cockpit away from water and extreme heat. It provui@ver toelectrical devices in
the aircraft. A largéug accepts power from the battery (via the battery contactor)
The unit carprovide ® amps continuoupowerto aircraft devices. It handles lew
level functions like trim operationrim speed controower switchingand circuit
protection (oveicurrent, overvoltage andshortcircuit). It checks the status tfe
aircraftelectricalsystem 50 times per secofidhere aresightexternal switch inputs
which can be used for triswitchesas well as otheexternalswitch functions.
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3.3 System Overview

The architecture of théP-50 builds upon timeested methods, y&tcorporatesnodern switching and
circuit protection technologyhe diagrams below show a basic traditional electrical system compared

with a Vertical Power electrical system.

Power Users
(Devices)

Circuit Protection Switches
(fuses and circuit breakers)

Contactor —e—Lights

e Instruments——
Traditional —— Trim
Electrical
System Alternator Battery N
Central
Ground

AlternatorField wire

Vertical Power Power_Users
(Circuit Protection (Devices)
&Device Control)

Radios—

Lights
Instruments——
Trim

Contactor

Vertical Power

Electrical
SyStem Alternator Battery \%
Central
Ground

Alternator Field wire

Note fran thesediagramghat 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)Although wiring for an internally regulated alternator is
shown here, th&P-50 supports both internally and externally regulated alternators.

Thesediagramsare simplified to introduce the overall architecture. Detailed wiring diagrams are
available on the Veidal Power web sitenfww.VerticalPower.com
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Here ishow thetwo VP-50 boxes are connected togethe&nd how external devices are connected

Wire directly to avionics,
lights and trim motors.

Power Input from
battery connector

TheVP-50 components connect together watpremanufactureaable whichis included with the
system. The cable carridata signals and loxwurrent 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 pilot. The 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 dwés, then tells the Control Unit which devices to turn
on or off.

3.4 Supported fiBa ¢ k b o Wieing Configurations

TheVP-50 supportdwo backboneconfigurationsand the setup menus will require that you specify
one of then. The VP-50requires 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 in choosing the type of atta(s) you want to
install. An alternator can be an internally regulatggical automotive alternatqrgxternally regulated
(such as the B&C SI20, L-40, or L-60), or apermanenimagnetalternator(such as the B&C SiB).

Configuration 1: Single battey, 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
{ Batt ' Batt Batter
Ctc Battery Cic Y
Control Control
Unit Unit

You may change the configuration in fliéure as your needs change. For example, if you initially
start withsingle alternatoand then later decide to add a backup alternator, you can simsfai} the
new alternatorchange the setup menu to configuratipargladdthewiring to control thenew
alternator

3.5 Switch Layout

TheVP-50includes most of the switches needed to control the electrical system on your aircraft. You
can installexternalswitches to control the fla@nd trim, or use the builb switches. Additional
switches to turn dewes 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 usfolicdiveng identifiers:

LA z
A Vertical Power

Alarm BRI 15, SULLEL SH DEDEN@] 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 posititmis switch is
designedo control the alternatdrelds, and camlsobe used to switch avionics and
other electrical devices.

S2-S6 These are two position switchegth positionsON-OFF. The switch is on when the
switch is up and off when the switch is down.
S7, S8 Momentary action switc(fON)-OFF(ON) can be used for wigrag enable or to turn

devices on or offS8 is the backup pitch trim when the trim inputs are disabled (future
software release).

Alarm Push to acknowledge alarms. Flashes when alarm goes off.

ACK This is a momentary pushbutton used to navigateens
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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 of the 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 veifficult to mix up the connectors.

Forthe harnesses that run from thentrol Unitto the devicesyou canpurchase precutwiring
harness fronVertical Powey or you carpurchase basic connector kiThebasic 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 pins available for future use. Yoe aot 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 another
pin with just a small screwdriveandpin-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 decide to make your own wiring harses, 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

Thephotos below showxamples othe different connectors used in ¥MB-50, the big, higher
amperage power connector on the left and the smalleratoperage $ub connector on the righthe
actual connectors have a different number of pins.

Power Connector D-sub Connector
4.2 Control Unit Connectors

4.2a Connector Locations
The VR50 Control Unit connectors are shown below.
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Control Uni t End O6AO

Control Uni t End 6B6

Note: J11 is called J1 in the setup meuige to space constraints)
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4.2b J8 Connector

Connector is a 3pin dsub, female on the Control Unit, male on the wiring harness.
Pin numbers are shown on the male connector on the plastic part.

Pin Pin Name I/O
1 External switch input 1 Input
2 External switch input 2 Input
3 External switch input 3 Input
4 External switch input 4 Input
5 Pitch trim up switch Input
6 Pitch trim down switch Input
7 Roll trim left switch Input
8 Roll trim right switch Input
10 Chassis ground --
11 Chassis ground --
12 External voltage measurement (aux battery) Input
15 Roll trim motor power A Output
16 Roll trim motor power B Output
17 Pitch trim motor position feedback Input
18 Pitch trim motor +2.5v reference voltage Output
19 Pitch trim motor ground --
20 2 amp power output 1 Output
21 2 amp power output 2 Output
22 2 amp power output 3 Output
23 2 amp power output 4 Output
33 Roll trim motor position feedback Input
34 Roll trim motor +2.5v reference voltage Output
35 Roll trim motor ground --
36 Pitch trim motor power A Output
37 Pitch trim motor power B Output

4.2c J9 Connector
This connector is not used.

4.2d J10 Connector
A pre-manufactured cable connects J10 to the SwitoteP
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4.2e J11 Connector

Connector is a 2pin power connector, male on the Control Unit, female on the widngdss.
Pin numbers are shown on the female connector where the wires enter the connector.

Pin Pin Name I/O
1 10 amp output 1 Output
2 10 amp output 2 Output
3 18 amp output 1 Output
4 18 amp output 2 Output
5 18 amp output 3 Output
6 Unused Output
7 5 amp output 1 Output
8 5 amp output 2 Output
9 5 amp output 3 Output
10 5 amp output 4 Output
11 5 amp output 5 Output
12 5 amp output 6 Output
13 5 amp output 7 Output
14 5 amp output 8 Output
15 5 amp output 9 Output
16 5 amp output 10 Output

Note: J11 is called J1 in the setup menus (due to space constraints).

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 linsert a small screwdriver (max width= 1/8 inch, about 3.0 mm) into either pry point

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

Insert screwdriver Gently pop up \ite section
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Before After

The white insert should never be removed!
If it is removed, discard the entire connector. Do not attempt to reassemble.

Step 3: With the white insert stil | econAlgnthe , ou't
orientation feature as shown and insert through appropriate 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 wir@ slight tug to make sure it is seated properly. It should not come back

out.

90°mis-orientation j

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 youainserting 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. Openitisert.

Step 4: With the terminals fully installed, 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 (abo %" ) .
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4.3b Removing terminals

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

Step 3: Using the pin removal tool, insert the tip into the terminal servicadijaleento the terminal

to be serviced.

Step 4: Push dowgently to release locking finger. You will hear a gently cligk. not apply any

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

Step 5: With the white insert stildl in the ,out
If the terminal resists, the service tool may not be fully engaged. Remove the toctgné®ush 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 operng!
Do not use excessive force, excessive force can damage the connector!

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 shmd a distance of 5.0 mm
(about %" ).

4.4 Switch Assignment Considerations

TheVP-50allows you to assign a pin to any switsh— S8 on the Switch PaneConversely, a switch

can turn on and off any number of pins simultaneously. For example, you canyouir akternal

lights on a single switch. Or, you can assign the landing and taxi lights to one switch, and all the other
lights to another.

You can also wire external switches to the ldgiel inputs above (J8 pins4) and use those to
control electrial devices.

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 y o get idright dn the first tryyou can make changes
lateras you gain more experience with yairplane.

With that in mind, we recommend the following to lmethinking about switch layout
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1 Switch 1 is used to control the primary and secondary alternatmsalso can be used to
control other pinsYou can assign a pin to be ON when switéb 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.
You can also assign a pin to be ON when the switefther up or dowii1B for both
positions). 1B allows you set pins that will tle wheneitheralternatolis operatingand are off
when both alternators are off.

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

1 The avionicghat you want on during a load shed (ie younimal 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 alternators in flight, then you will also be turning off the rasionics as well. If
this scenario is not appropriate for your aircraft, then place the avionics on other switches.

1 Thenonessentiahvionics should be set to switch 2. That way, you can simply turn off switch
2 to load shed younon-essentiatievices.

1 Switches 3 through 6 can be used fatividual items like boost pump @&nding light. You
can group devices like the nav lights and strobe lights on a single switch.

1 Switches 7 and 8 are momentary switchesaardbe used to turn on/off wig wag and can also
act as a standard -aff switch. S8 is the backup pitch trim when the trim inputs are disabled
(future software release).

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

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

4.5 Alternator and Voltage Regulator Considerations

4 5a Overview

Choosing the correct alternator and voltage regulator is an important part of planning your electrical
system.TheVP-50 supports interally and externally regulated alternators, as well as the B&® SD
permanent magnet alternator.

Vertical Power does not take a positr@gardingwhich type or brand of alternator is hekhis section
is intended to present information to help you maketterdecisionabout alternators and voltage
regulators Specifically, the/P-50 has certain advanced functionality thaay alter how you select
alternators and voltage regulators.

The typical automotiwstyle voltage regulator does simply thategulates 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 Aaotpuérnally regulated
alternator providethe same function, bithe regulators housed in the alternator itself.

Certain internally regulated alternators provided by Plane Power, Ltd. (www pbaver.com) have

built in overvoltage protection. All alternators built by Plane Power are cabipatith the Vertical
Power system.
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Externall-regulated 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 provides three functions:
1) voltage regulation, 2) undeoltage 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 to PTCselfresetting thermal solidtate breakergpr circuit
protection. Th&/P-50 doesnotuse PTCs for the power circuits asccompatible with B&C voltage
regulators The undeivoltage alertings not needed as it is provided by ¥ie-50, and ovetvoltage
protection is also not needed but acts as a redundant backup and cannot be disabled.

There is a longtanding and unresolved debate in thesexpental communitabout the benefits of
interndly versus externally regulatedternatos. The table below shows some of the pros and cons of
each 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 =

*Note: Accordingto Plane Power, their internally
regulated alternators are designeceliminate this
failure mode.

Somecommon backuplternators (or secoralternatorin a dual bus systenaye theaccessorgdrive

mounted SERO alternator and the S®PM alternator, bt available from B&C Specialty Products.
The one you choose is driven in large part by the siieedbads you need the backup alternator to
carry.Documents are available on the Vertical Power website with details for wiring either one.

4.5b 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 ottreratleguipmentTypically
the overvoltage level is set at 1Bvolts for a 14v system and 32.0 volts in a 28v system.

Overvoltage protection is provided by the Control Unit, and therefore an external denat&éeded
for this function.Overvoltage protection is provided by removing power from the Field wirenithe
bus voltage exceeds a gset limitfor a preset period of timelf your system comes with an
overvoltage protection circuit, t he typeeirctits.c a |
These simply short the alternator field wire towgrd, causing thalternatorfield pin on the CUo

fault.

Nuisance ovewoltage trips can be caused whearge inductive load (like a hydraulic pump motor)
shuts off and the voltage regulator has not had time to respond. It ischdnging mode andith the
load removed, the voltage can spiBeth the oveivoltage level and the time duration can be adjusted
in the Vertical Power setup menus to reduce nuisance trips.

LA . . .
A Vertical Power Vertical Power VP-50 Installation Manual Page 18



In certain rare instances, when using an internayulated alternator, the oveitage condition

cannot be remedied without physically disconnecting the large power wire (calledead)Brom the
alternator to the main bus. If you choose, you may add a contactor in line witHaad(Ball us if

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

4.5¢c 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 all figures for a 28v system). A low voltage condition istmo
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 loads on the aircraft exceed the capacity of the altemhidn,is unable to keep
the battery fully charged. The bus voltage will slowly decline until the low voltage a&arm
triggered

You do not need to wire an external undeltage alert light or system. TR&P-50 providesvisual
undervoltage alertingandyou can easilyswitchto a backup alternat@ndload shed electrical
devices.

Further information about load shedding and low voltage alarms is described later in thisandnual
in theVVP-50 Operating Manual

4.5d Controlling the Alternator(s)

Switch 1 isathreeposition switchused to control thpins providing power to the
primary and secondary alternators, and also can be used to contrqgimtieepins.
mﬂ You can assign a pin to be ON when switch 1 is up (referred to as 1U in the setu
s screens), or ON wimeswitch 1 is down (1D). When it is in the middle position it is ¢

ry .
A Vertical

You can assign a pin to be ON when the switch is either up or down (1B for both
positions). 1B allows you set pins that will be on when either alternator is operatir
and are off wheiboth alternators are off.

You can also assign other power pins to switch 1, such as those providing power
EFIS or other avionics. That way, the electrical devices will be on when the alterr
is turned on and off when the alternator is off.

4.6 External Switch Wiring Considerations

The Control Unit hafour input pins foroptionalexternal switchesl'he current for the devices being
switched does not go through these switches. external switch tells théP-50to switch the device
on and off Wire each switch so that one side goes to ground, and the other side goaspat thie

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 ofthat pin is determined using the
setup menu.
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An example of a momentary switch wired to an input pin is shown here:

1

r@ O Control Unit

Ground

There are a variety of vendors that supply switcRaseimount switches that match th@-50 are
available from Vertical Power.

External switches to control the trim and flapsy beinstalled. The VP-50 also allows you to operate
the pitch trim using the momentary switch on the switch panel (s@&ihsha backup

4.6a Wiring an external switch to control a device

External switches (sepdeafrom the Switch Panel) can be used to turn devices on and off. These
inputs are provided to allow additional manual switching capability over and above the switches
installed on the Switch Panel.

One or more power pins on J8 and J11 can be assigaedetdernal switch input using the setup

menu. When an input pin is grounded, then the power pin(s) are on. When the pin is not grounded, the
associated power pins are off. The input pins are J8, pins 1, 2, 3, 4 (called E1 through E4 in the setup

menus).
FG/O Control Unit

Ground

4.6b Wiring the starter switch

The starter switckhould be wired tan aux bus that is witkto the switched side of the battery
contactor, and protected withafuseh e swi tch should be sized for
draw.

The wire from the tarter switch is then wired to the starter conta@ee theContactor Wiringguide
on the Vertical Power web sitbt{p://www.verticalpower.com/documents.hjrfor details on wiring
starter cordctors.

F
rom
O O aux bus and fuse
O 1 Starter
Switch
Starter
Contactor

Note: Wire the starter switch to the small post on the contactor, not the large post.

For more information, see the ¥d® wiring diagram.
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4.6¢ Wiring the Master Switch

The master switch should be wiredlyphsisaswtegh ki t
that is wired to ground and to the battery contactor.

4.6d Wiring the Magneto Switch

Wire the magneto switch per the magneto manuf ac
from the VR50 system.

4.7 Flap System Wiring

Wire the flaps according to the instructions provided by the airframe kit manufacturer. You can source
the flap power from the Control Unit or from an auxiliary bus wired to the switched side of the battery
contactor.

The Flap Positioning System (FPS) availablefroVan*s Aircraft can al so b
power from the VF50.

4.8 Trim Switch Wiring

Most experimental aircraft use pitch anall trim servosirom the Ray Allen Company
(http://www.rayallencompany.comTheseservosare selfcontained units that inatle thetrim motor

as well as a position sensor. Thesevosare designed to run at-112 volts, and the Control Unit

provides regulated 12v power to the trim motors so they can operate safely in 28v systems. The general
principles described in this semti 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 in the diagram below:

Wht

0
| Servo
Wht/green —/7

Wht/orange—/
0 | | 0

Wht/blue
The trim motoiitselfis driven by the two white wires. It does not matter how #reyconnected, 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 conventionally using switches or
relays, but is done in the Conttdhit with solid-state 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 position of the sensor within the servo
white/green, white/ orangand white/blue. The three wires are connected within the servo to a
potentiometer, and are wired directlyJ®onthe Control Unit.

The trim motor wires and trim position sensor wires must be wired &p#@fied locations on the
Control Unit J8.
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You can wireexternaltrim switches to control pitcandroll. The CU has two trim circuitsThe Switch
Panelhas a trim indicator on the screen which shows the trimadtraxeswhen the trim is runningt
can also be selected manuatyany timeto shav the positionYou can control two axes with théP-
50. If you want to control a third trim axis, you caare the third axis in a conventional manraerd
getpower from one otheVP-50 power pins

You mustwire trim switches for the pilddirectly tothe two trim switch inputs, for each axis. Switch 8

is only a backup for the pitch trim and cannot be used as the primary method to control the pitch trim
Co-pilot switches should be wired in parallel with the pilot switcfig® trim switches shouloe
momentary action so the trim motor runs only when the buttégveris pressed. You can use either

an SPST momentary action button ON) or an SPDT momentary action switch (GQIF~(ON),

with a middle OFF position.

Each trim axis (pitctor roll) requires two input pins: one to command trim in one direction, and one to
command trim in the opposite direction.

—— Trim D
rm Dn -
o O _ ;rgn l\_/lt(_)tor
1 Control Unit s osition |[——
i ensor
O O Trim Up
Vv

Ground

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

4.9 Variable Speed Trim Wiring

If you wantto enable the variablgpeed 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 specified gethe menusUse switch inpud
J8 pins 14 on the Control Unit.

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 (retracted)pically, a piee of angle held on to the tube with

a hose clamp works wellhe common 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

V

Ground

Control Unit

Airspeed Switch
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The airspeed switch will close above a certain airspeed. One terminal 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.

4.10 Dual Battery Wiring

A wire from the aux battery to the Control UnB,pln 12 can be used to measure the aux battery
voltage.A diagramcall Dual Battery Wirings available in the Documents section of the Vertical
Power web site showing how this can be wired.

4.11 Landing Light Wig-Wag (Pulsing) Considerations

Various circuits can be configured to wig wag external 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 (attigh they can be flashed together). Wire each light that you want to flash to
separate pin.

In the setupscreensyou specify whictpinsyou want to wig wag.

4.12 Backup Circuit Wiring

The backup circuits allow you to wire backup power directly from theryatteough an external fuse
and switch (separate from the \@B), and then to the devicéou can wire as many backup circuits as
desired However, there is a balance between adding complexity and reliability. Please call us to
discuss the issue if youeauncertain about whether you need to wire backup circuits or not.

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 protectidnriaithe CU.

Backup Circuits
Backup capability is the ability to provide power to an electrical device independent of the switching
internal to the Control Unit.

ON

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

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

the Control Unit to the electrical device. When the 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 awite size. When battery power is switched onthere is aquick

break in circuit continuity and therefore you shoulchderstand how this affects the devices you are
powering, if at all.

Example: You want to add backup capability to the boost pump, tagutres a 10A circuit. 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.
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Another backup method

Many modern EFISs have multiple, diedelated power inputs typically a primary and a secondary
power input. The diode isolation ensures that
inputs. Method C allows you to wire a backup circuit into the secondary power input on the EFIS (or
other device if that is thease) directly from the battery through a fuse and a switch. The EFIS will
automatically choose between 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 provigé#uebvP system.

Fuse Block

0oo SPST EFIS
ooo

Secondary
Pwrin

+ - .
Battery Control Prlmgry
Pwrin

Unit

PO

Wire a fuse or fuse block near the battery. Size the fuse for the wires and as per 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, poweliilitbe sourced from the VP Control Unit. When on, power will be
sourced from either the battery bus directly or the VP Control Unit. If the CU fails, then the EFIs still
has power from the backup circuit.

4.13 Light Dimming Considerations

Light must be dimmeé using a discrete dimmer mounted on the panel. Wine@stat in line between
the CU and the lighEnsure the rheostat is sized appropriately for the electrical load.

Control Unit O>\; Cabin Light

Rheostat

4.14 Boost Pump & Primer Considerations

TheVP-50 supports the use of a boost pump and/primer pumpWire from the Control Unit to the
boost pump.

4.15 Electronic Ignition Considerations

TheVP-50 can be used with various electronic ignitigi$) as long as the appropriate safety
considerations are taken into accolhbst Els, such as Lighpeed or Enags, require external
electrical power to operate. Others, such-asdgsor Lasar have internal backupand can operate
with or without external power.-Rags require external power for starting and idle.

Make sure that at least one ignitiorsource is wired directly to the battery as per the ignition
manufacturerdéds instructions i f you are fgunni

If at least one magneto ofmag is installed, you can provide power to the other ignition via the
Control Unt. Consider using some form BlckupsCircuit to provide power in case of multiple
failures (failure of the magneto and failure of the CU at the samadimghly unlikely but possible).

Some examples are shown below, and are meant to be guidelyneBhanbuilder is responsible for
determining the appropriate level of redundancy for his or her aircraft
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91 Dual Lightspeedr emagignitions: wire one directly to the battefyp er manuf act ur e
instructions)and one to the Control Uni@r, wire both tahe batteryper diagram in the

documentation section of the web site

One Lightspee@-magand one maggta wire the Lightspeed@-magto the Control Unit.

Dual pmags: wire both to the Control Unit.

One emag and one-mag: wire both to the Control Unihandividual power pins.

Dual magnetos: neither is wired to the Cont:
Lasar: Wire the Lasar poweircuit to the CU.

= =4 =4 -8 A

With some ignitions (pnags for example), you may want to disconnect power to test the-péiwer
operation. You can do thisy wiring a switch in between the Control Unit and each ignition to cut
power to that ignitioror by placing the ignition on its own switch

4.16 Load Shedding Considerations

Load sheddings used tdurn off devicesvhen an altmator fails that are not absolutely necessary for

the type of flying 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 output of your backup 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 shoelddbe to continue your flight and keep the bus
voltage running 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.xIs document to assist in your
planning.

Load shedding is accomplished on Y50 by assigning 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, armsgnadtoswitchi2elbatwap wouchio n “t  w:
simply move switch 1 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.

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

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

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

4.17 Load Planning Worksheet

Completing the/P-50 Load Planning Worksheet will guide you through the planning process and
hopefully answer manyugstions you may have along the walge LPW can be found on the Vertical
Power webs siteStart with either a blank LP\& one that is already completed, and you can modify it
to match your aircratft.
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You will find that the Load Planning Worksheet has gnases. 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 document the wiring in your aircraft for future referer@ “ wi r e book?”

After the LPW iscomplete, you will enter the values into the setaeenon theVP-50.

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

1. Determine the overall configuration of your system and the type of alternators you will use.
Note hatyoumayreval uate this decision once-you'
that*"s OK as it can be easily changed whi
aircraft is wired!

2. Make a list of all the loads, where they will be locatea theactual current draw of each
load. Flaps and electritimar e transi ents and don"t need to

3. Determine the length and size of each wire.

4. Determine the circuit breaker value for each load. This value is typicalyded 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 swatathes,
switches to control individual devices.

"ve
| e

With the above in mind, read through the detailed planning instructions below aridl tiretine

wor ksheet. The worksheet is divided into sever:
correct righh away. It will likely require a few iterations before you are comfortable with the results.
You never know wh adyouidmtseiplgrmibgs you " | | have

4.17aFilling out the System tab

This tab in the worksheet documents your overall electrical systengaatfon.Enter your tail
number, check the type of system you are planning to build, igili§pn type,and alternator types.

Vertcal Power Losd Pasnring Work shoet [Dess)
VP-50 System Planning |
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4.17b Filling out the Switches tab

The switches tab is to provide information about the switch layout. Also shown is alistpe
made labels that you can use to mark each switch.

4.17c Filling out the Control Unit tab

The Control Unit tab contains the list of all the electrical connections on the ControManit.boxes
are colored to help organization. Boxes shaded in grey thatino entry is required. The most
common reason is that a pin is unused.

Vertical Power Load Planning Worksheet (Preliminary)

VP-50 Control Unit
Pin
Hame Chrcuit
Max Actual (4 chars Breaker Assign to Length
Amps Amps max) Valpe  Switch  AWG (i) Notes
J8 37 Plﬂ D-sub Famale d-sub connactor on Conteol Unit. Make connector for winng hamess
i vatch Input 1 (£ 10
2 E nput 2 (EZ) ¥ 0
E t 3(E3) 22 10
3 [Eu Tnput 4 1E4) ~2¢ |10 } S—
5 |Pitel g switch 27 10 [Wie ic Fitch JFTI kL
T [Pitch tnm On switeh 22 | 10 ’T' Yo Thich D Tren swite
T |Roll tnm Lafi switch e 10 |Wie tc Rob L 1nm swilch
1] Roll tnm Right swilch 24 10 [Wis 1o Kol R Tnm seitch
5 |UWised ji:
J 20 [Whe 10 ¢ ground bio
1l 20 ' Viie (G gtJqu
12 dernal voltage measurement ”151 we \oliage J' mix Battery
B 500 [
14 [Umised [
5 7 01 1 PYRM 7 oy o R
% % 77 (5] 3 26GS0 Pl Vire 10 rak trem motor
1 “itch thm osll:uﬂl | Vhi‘grn wiré on (rm Sénu
18 [Pite um'lk'J B m&-{:‘\e voliage 26G5C " I Vi glt. wire on trim seno
197" [Piteh tnm glcund [WhEor wes on tnm sem
o ) ] Of 20
2 ] OR 20
4 | 20 5
4 on 20 5
. Sypem - Swaoves | Control Unit - Fral Y0
. . . . . .
Take eaclelectricaldeviceand assign it to a power pin. Don

Just get all the electrical devices assigned to the correctStart wth the higher current devices and
work your way down to the lower current devices.

There arecircuits configurable for a maximum of 2, 10,or 18 am. You can always set a lower
circuit breaker value than the maximwaduespecified for a specific pi For example, you can put a
3A device on a 10A circuit, but not the other way around.

Note that some externally regulated alternators, such &&iGd R3C, require two wires. Put each
one on a separate pin, and make sure they are both assignedarnerestch. 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., tuoff) the circuit.
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 Radicckh@ears, and electronic
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supply stores for a reasonable one). The total actual current draw should not exceed 60 Amps.
Ignore the flaps and starter in this calculation, as they are transient loads.

Pin Name: This is the name you want to associate whnpin This namas configured during

setup, an@ppears on the screarnen a fault occurs so you can identify the circuit

Circuit Breaker: The maximum current allowed for that pin. You can enter any value between 1
and the limit of that pin in inements of 1. This value is equivalent to a circuit breaker or fuse

in a traditional systenf a load draws more than the Circuit Breaker value, then that load will
show a fault. If too large of a breaker value is used, then the wire may overheatoiofail.

small a value is used, then the device may fault the circuit because it doawadh current.

We recommend the following guidelines for sizing wires

22 gauge wire use for datavires

20 gauge wire use for circuits up t6A
18 gauge wire use for circuits up td0A
14 gauge wire use for circuits up ta8A

Above all, follow manufactures' recommendations about circuit breakers. Example: If your
NAV/COMM radio documentation calls for adégnp circuit breaker, use 2 amps even though
the 20AWG wre running to the radio is capable of carrying 5 amps.

Assign to switch: Specify which switch controlhe pin For more information, seégwitch
Assignment Consideratiomns 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 6 are two position switches (up, down). Pin is on when the
switch is up.

7,8 Switches 7 and 8 are momentary switches and can be used to turn power pins on
and off. Because they spring return to center, they do not give visual feedback of
the switch state (up or dowrBress up to turn on and down to turn off.

E1, E2, E3, E4These arexternal switch inputs corresponding to input pins-48 When
grounded, the pins assigned to these inputs will turn on.

On The pin is always on when tMP-50is on.

Off The pin is always off.

AWG, length: The sizeand lengtlof the wireincluded in tle wiring harness.

Fill in J8 and J11.

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 senae for yo

1.

2.
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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 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

Fuse Fuse | —

Fuse Fuse | F——

Fuse Fuse | —
[ ]

10A

Control Unit €28
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could be combined on a circuit agelt to 2A fuseThe dwnside is if one device faults, then all
devices lose power.

3. Create an auxiliary bus by running an 18 gauge wire from one of the 10A powésgties to
10A) to a fuse block with 6 or so fuselders. From each fused tab, run aewo the device.
Do not installfuses rated at more th&A, and ensure the total load does 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 individugke blows, the others are unaffectat.
devices will be turned on and off together.

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

4.17d 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 follomhg common mistakes:
- Doubl e c he cspecifietihe torrgciosze wirieg.
- Verify that the trim and flaps are grouped and wired correctly.
- Make sure that the starter, flap motehues, battery contactor, anetie contactor are wired to
their desigated pins (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.

Prior to installation and wiring, the following should cxensidered:

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 dalblen reconnecting,
connect the positive cable first then the g
positive connection to the airframe.

1 Considemench testing the systeamd the deviceprior to actually installing it in the aircraft.
This dlows you to become familiar with the system in a comfortable environment.

1  Modify, if needed, theviring harnesses to match your LoddrihingWorksheet prior to
installing in the aircraftlf the wiring harnesses are complete prior to installation in the
airplane, you can “lay them in” the airfram

1  The easiest method is to run the wires from the Control Unit or Display Unit to their
destinations. For example, simply run the wire from the Control Unit to the landing light area,
along with a ground wire, drthat circuit is basically complete.

1  Use good quality, golgplated connectorfer intermediate connectionsor example, you may
want to use a connector for all the instrument paiirels that go to the rest of the airplane
Consider using aonnector fomll the control stick wires, so that you can remove it later if
needed.

LA . . .
A Vertical Power Vertical Power VP-50 Installation Manual Page 29



1  Plan the physical wire routing in your aircraft prior to installing the harnesses. Drill any
necessary bulkhead holes and protect sharp edges with snap bushings, grommets or other
suitable fastener.

1  The Switch Paneak notdesignedo runasastandalone uniit must k& connected to the
Control Unit to operate correctly

1 Leave room for service loops (extra lengths of wire), so that you can easily remove and install
components later.

DO NOT GRIND, FILE, DEBURR, OR DRILL METAL OR FIBERGLASS AIRFRAME
COMPONENTS WITH THE UNITS INSTALLED, AS SHAVINGS MAY GET INSIDE THE
UNITS AND CAUSE INTERNAL SHORT CIRCUITS.

Use theempty blanks (for Control Undand Switch Panel) during construction.

These blanks are available for a small, fulblyundable deposit from Vertical Power

5.2 Installing the Switch Panel

The Switch Paneathould be located where it can be easily accessed using the same hand that you use
to maniplate the throttle controls. Afé cable is included to connect the Switch Panel with the CU,

and you may use a cable up toféet long.Theunit dimensions are shown belpand the dotted line

shows the outline of the bezel whishapproximatelyl / 8 ” odn eachgsieléhan the holeThe hole

should be slightly larger than tiesidedimensionsThe unit mounts from the FRONT of the

instrument panel and is held in place using a bracket on the back side.

A 3D dimension drawing is available on the Vertical Power web site under Documents

The software update plug is on the left side of the switch panel.
plugends up being locatdzkhind the instrument panel on gide

of the unit. It uses a headset jack (which is smaller than a telep |
jack) for the plug, with a dB connector othe other side which
plugs into a PC serial port. If other avionics are on the left of the |
Switch Panel, the plug may be difficult to access. In this case, y |
can easily remove the switch panel (using a single thumb screv -
the back side) and plug in tfeck toperform asoftware update.

Note: therear mountindracket holds the Switch Panel flush with the instrument panel. It is not strong
enough to keep the switch panel from rocking or sliding. Therefore, the opening should be made as
snug as possie so that the Switch Panel does not move within its opening. DO NOT
OVERTIGHTEN THE REAR MOUNTING BRACKET.
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2.66 2.861

(cuy | | (bezel)
L 6.25 =|
(bezel)

Cutout opening should provide a snug fit.

If you want to mount the Switch Panel directly above or below an avionics rackhgald leave a

strip of metal onto which the rear bracket can attach. If it is not possible to leave a strip metah you
custom fabricate a horizontal mounting bracket that secures the Switch Panel on the sides rather than
the top and bottom. Be sure to leave spacéhrear connector and optionally the side connector. An
example bracket is shown below, where the standard bracket was cut in half and then joined using
0.063 aluminum sheet.

5.3 Installing the Control Unit

The CU is typically located behind the instrumpate) but may be mounted almost anywhere in the
interior of theaircraftwhere it is protected from direct exposure to the elements

A 3D drawing is available on the Vertical Power web site under Supp@bcuments.

Locate the CU taking the followirigto account:

1 The CU should be locatedsidethe cabin, away froraccupants and baggage.

1 Do not locate near sensitive equipment such as a compass or XMHR&Eno known
interference exists, you should tasd verify thatan operational Cldoes not affet other
equipment prior to finalizinghe equipmeniocations.

1 While the CU itself is wateresistant, every effort should be made to locate it away from
possible water exposuré.you have a tipup canopy or believe it may occasionally be exposed
to waer, use RTV silicone sealant to fill the small holes where the case meets the end caps. Do
not put sealant on the connectors.

1 The CU should NOT be mounted to the firewallere it is exposed to direlseat and
vibration
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1 Locate where you can relativelyslg access the CU and the power connectors for
troubleshooting during installation and in the future.

1 Air should be allowed to circulate around the @Uan is not required.

1 Do not mount whereccupants can easily touch, kick, bump, or otherwise ditherCU.

1 The wiring harnesses from the CU should be secured at a point n€4dJ.the

Recommended CU mounting locations:

RV-7, 9, 10:horizontally under the intermediate bulkhead (located between the firewall and
instrument panellising fabricated angle alunum brackets. The CU(s) is positioned roughly above
the rudder pedal assembly, mounted to the brackets/intermediate bulkbeadsy access, the
Control Unit(s) can be mounted hanging downward from the brackets.

Note on mounting the Control Unit(s)timerear of the aircraft
You can mount the CUs in the aft section of the aircraft without issue. This may be attractive when
space behind the panel is crowded or if the batteries are in the back of the féalegper, the
standard wiring harnesses praded by Vertical Power assume the CUs are mounted up front near the
instrument panel. You will need to modify the standard harness (wire lengths are listed in the Load
Planning Worksheet) to accommodate the longer wire runs to the avionics and other eguipme
mounted in the front of the aircratft.

The CU is designed with three mounting holes/slots on each side, and should be secared with
minimum of twoAN3 (10-32) or 8-32bolts one on either side of the case
[0 Mount the CU so that it is securely attachkethe mounting surface
O If mounting in a composite aircraft, or on Roonductive surface, run a wire from the CU
chassis to the main ground block. Use a ring terminal around the mountingrbaits of the
four Philips screws at the outside edge ahefaceplateThe red anodization acts as an
insulator, so use a toothed lock washer or gently scratch off the anodization so the ring terminal
is electrically conductive with the case.
[J Note theoppositegender of thelb15 connectors on the CU thatgathhe SP. When “ | .
cables, orient the male and female ends to match appropriately.

5.4 Wiring the Switch Panel
The Switch Panel is wired to Control Unit 1 agrefabricated cable

[ Lay in the premanufactured cable between the Switch Panel and thiaCtnit. This cable
has a male Epin connector on one end and a femaleni&nnector on the other end. Orient
the cable(s) so that the MALE connector on the cable plugs into the SWITCH PANEL.

0 Connect the cable fro®witch Paneto the Control Unit.Tighten the thumbscrews on each
connector.

The Switch Panel installation is complete.

5.5 Wiring the Control Unit

The Control Unit is the heart of the wiring system in your aircraft, and careful planning up front will
make the installation process fairly sgtatforward.
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5.5a Wiring Considerations

Review theConnector Service ManuahdContactor Installation Guiderior to proceeding wittthis
section

The power connectors are labeled with the pin numbettstem@ach hole on the black side of the
connector.

Caution the firewall forward wiring must be wired exactly as specified irctidiguration document

thatmatckst he confi guration you" ve s e Paspedaaldattention t h e

to the where each alternatetdad attaches to conta® r and which side of
and “power out .’

Begin the Control Unit wiring.

0 Double check thatthe correct wires are in the correct pins in the correct connectqgrbased
on your setup in theoad Planning WorkshegRemove any unusetres from the connector.
Additional wires can be easily added later.

L1 Begin by plugging the connectors into the Control Unit and let theswineg freely. Group the
wires into bundles that go to a specific location in the aircraft. For example, grolg ailes
that go out to the lefing together.

Run the bundles to their respectiy@neralocations Keep in mind that ground return wires
may also need to share space in the bundle as well.

Determine the best way to secure the wires near the Comntitoiouminimizestress on the
wires at the connector.

5.5b Wiring the Ground and Power

[0 Connect the main power wire from the battery contactor to the power lug on the Control Unit
usi ng a ")¥iigtefminal.Z0ved with a molded plastic covérorque to 3@n-1b (3 ft-

Ibs). Do not overtorque the nut—all you need is a snug fithe power lug is a soft copper
alloy and will break if ovetorqued.Make sure that a washeriistalled along withhe ring
terminal.

[0 Connect the twground wires (8 Pin 10 & 11) to thefirewall or mainground block. Daot
connect théwo ground wires together and then run a single wire to the fireBeath wires
should beconnected to the same ground block.

0 Connect the diode (included with the system) to the battery congecstrown below.

Although optional, it is highly recommended. The diode will extend the life of the contactor.
Reference th€ontactor Wiringdocument on the Vertical Power web site.

— to master switch — to master switch

BAT ZE - BAT —G/P -
1

Note direction of diode

One Post Two Post
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5.5¢ Instrument Panel Wiring

[0 Connect each wire from the bundle of wiresngpio the instrument panel to its respective
deviceor switch

5.5d Cabin Wiring

0 Connect each wire from the bundle of wires going tacti®n aredo its respective deviaer
switch

5.5e Wing Wiring
[0 Connect each wire from the bundle of wires going to each wiitg tespective device. You
may optionally install a connector at the wing root.

5.5f Backup Wiring

0 Wire any backup circuitsncludingthe fuse block and switches. Be stoavire the fuse block
to the battery (and not the switched side of the battery dontac

5.5g Trim Wiring

The wiiing for thepitch and rolitrim does not require any additional fusesays orindicators.The

trim wires are grouped together by trim functiand shown in the same color by group on\Re50
Load Planning worksheet. They a®parated from each other foiy number, but are physically
located next to each other on the connedfach trim servo has five wires: two for motor power, and
three for position feedback.onnect thevires for eactirim systemas follows:

] Run the 5corductor wire (five wires bundles together)gachtrim motor.

0 Connect the wirgto the Control UnitCarefully strip the sheathing off the wire bundle, and
crimp the dsub pins to the wires. Insert eguih into the 37pin d-sub connector.

[0 Connect the wes to the trim servd.he colors on the wiring harness match the colors on a Ray
Allen sensor and can be connected color to color. If you are not using a Ray Allen sensor, the
function of each wire is detailed in the Load Planning worksheet.

Note: in somaiircraft, it is desirable tprovide a connectarear the elevator trim servo. A

popular method is to crimpsub connector terminals (machined barrel;spic) to the servo

wires and to the wiring harness. First, slip a piece of large heat shrink auanthe wiring

harness and move aside fater. Then, connect the terminals on each wire gad seal with

heat shrink tubing, which insulates as well as provides a secure connection. Be sure to offset
each terminal so t haig. Cdvdrthe bundle of viees vdtiotbedangé t g e |
heat shrink tubing.

[ Wire the variablespeed trim switch, if desired, as described earlier.

5.5h External Switches

0 Run wires from the pitch and roll trim switches to the Control Unit and connect as peathe
Plannng Worksheet Co-pilot trim switches should be wired in parallel with the pilot trim
switches.

0 Wire any external switch inputs as you

ve S|

5.5i Aux battery wiring

O Wire the aux battery as®ontmpeeebsitehe , Dual Batter
[0 Connect the battery voltage measurement wire from the positive side of the aux battery to J8
pin 12. Be sure to wire a 1K ohm, 1W resistor in ses@sewhere near the battery.
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5.5] Wiring systems not part of the VP-50 (starter, mags, flaps)

The starter and mag switch and flap system are wired outside of 68 $§BtemThe starter switch
can be a dedicated switch or a combination magsteiter switch with a key.

L1 Wire the starter switch as described earlier in the planning sectionwheat, or per your kit
manufacturer®s instructions.

1 Wire the mag switch as described earlier in the planning section of document, or per your kit

manufacturer®s instructions.
L1 Wire the flap system as described earlier in the planning section of docunyestyour kit
manufacturer®s instructions.

5.6 Testing Individual Circuits

At this point, all the wires should be connected to their respective deVioepurpose of this step is
to verify correct installation of the wiring

Taking your time and being ntaodical on this step will saveoubleshooting time later

Warning: make sure that the following are carefully checked prior to proceeding:

1  Disconnect the large wire going to the startediminate any chance that the starter may be
accidentally engagedemporarily cover the exposed end of the wire with electrical tape.
Make sure that the propeller area is ckadl can rotate freely
Verify that the fuel system is sealed or empty.

Verify that the area around and under the flaps is clear.

Verify tha the area around the trim mot@nsd tabss clear.

Verify the highvoltage strobe wiring is either sealed or connected to a strobe light.
Check for any other conditions that may be problematic during testing.

= =4 =4 -8 -8 -9

NOTE ABOUT MEASURING VOLTAGE: Solidstate witches have a characteristic that will show
near bus voltage on a power pin even when
arcing. There is no “power” behi n-dtatdsichey(a |
specializé transistor). In order to measure voltage correctly, there needs to be a load on the pin
test lamp, when taking measurements. If the pin is off, the voltage will be zero when there is a |
it. If the pin is on it will read at bus voltage whiirere is a load on it.

Then proceed with the following steps:
[0 Disconnect thaviring harness connectors fraj@ and J11.
O Verify that the correct wire is in the correct connector location using the Load Planning
worksheet as a reference.
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0 Prepareonel8 gaigewire aboutl5ft long with a male terminal (Molex P/N 1940048,
available from Digikey or Mouser) crimped on one @nd an inline 10A fuse on the other
These wires are included in the Vertical Power wiring harness kit. Using-adreire,
papertip or screwdriverather than the Molex male termimahy damage the gold coating on
the terminals inside the connectors.

Male ATC FUSE
terminal
forpower
o e L L

[0 Using the 18 gauge wireponect one wire to the positive terminal of a bat{any battery is
OK as long as it matches the vagjéeof the aircraft batteryCheck that the negative on the
battery is attached to the ground terminal or airframe.

[0 For each 5A, 10A and 18A circuit, push the male terminal from the tesintgréhe connector

and verify the device turns oNote that cdain devices may have multipledependenpower

inputs, like a Garmin 430 or SRO.

Using an ohm meter or test lamp, verfych ofthe three ground wirds grounded properly.

Using the 22 gauge wireyake a test line similar to the one described abavieyse a female

d-sub pin. @nnect one wire to the positive terminal of a battery (any battery is OK as long as it

matches the voltage of the aircraft battarsing a 2 amp fus€heck that the negative on the
battery is attached to the ground termioaairframe.

[0 Connect the other wire to ground. Insert the wires into the correct trim motor power terminals
and verify the trim motor operates through its expected range of motion. Flipping the pins will
change the direction of the motor.

[J Using an ohm met or test lamp, verify that the external switch inputs to theopdtate
correctly. Each pin should be grounded when its respective switch is turned on. This includes
all trim switches as well as other switches.

0 Remove any test leads and do a sweep¢alcfor loose or exposed wirdsave thdarge
wire to thestarter disconnected unéitked to reconnect inthe ground testing phase.

O Verify the Switch Panel wire is connected at the Switch Panel and at the Control Unit.

00

You are now ready to power upeteystem.

0 Connect 8 and J11 connectors tioe CU.
L1 Turn on the master switab turn the system on.

Note: If you notice anything unusuélyn off the master switch

6 Step 3: Configure the system settings

You are now ready to configure th@-50to operée in your particular aircraffhis section describes
the “mechanics” of the setup process. To bettel
flight, refer to thevP-50 Operating Manual.
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Configuration is done using tt&witch Paneland settigs are propagated to the Che settings are
stored in theSwitch Paneand can béacked up omo alaptop computerTheVP-50 comes from the
factory withbasicsettings hat | i kely don®"t match your setup

6.1 Switch Overview
The switches on the Switch Rarre identified throughout this manual using the following identifiers:

ry -
A Vertical Power

_13.5V 16.58 OK @)

S1 S2 S3 S4 S5 S6 S7 S8

The pictures below depict the actual screen and the representation of that screen as depicted in this
manual:

13.5V 0.5A OK

6.2 Power On

12.5V 0.5A OK

The screen showsubvoltage current draw through Control Uniand status. The status will show:
OK no faults
1 or other number  number of faults in the fault queue

The screen below shows 2 faults in the fault queue.

14.1V 7.5A 2

Press the ACK button to cycle thrduthe display to see the following screens
1. System status
2. Pitch trimindicator(if enabled)
3. Roll trim indicator(if enabled)
4. Fault queue-any faults that are in the queue are displayed, listed in order of occurrence
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Pitch trim indicator

P D U

Roll trim indicator

RL R

6.3 Handling Faults

When a fault occurs, it appears on the scrisenpower light turns red, and the master caution light
comes on. When a circuit fault occurs (short circuit, etc.) the circuit is turned off and refhaimnisl

you reset the fault. When you reset the circuit, this is functionally equivalent to pushing in a circuit
breakerPressingACK dismisseghe faultandleaves the circuit off.

A fault is shown with the circuit name first, then the type of fault:

TAXI Over Crnt
XPND Short Crct

You can:

.
1. Reset the fault by pressitige red alarm butto
2. Acknowledge the fault by pressing the ACK button. This places the fault in the fault queue.

To view a fault thats in the fault queuescroll to the fault quea(from the main status windowjsing
the ACK button. When a fault is displayed, you can:
1. Press ACK to cycle to the next message in the queue

2. Presghe red alarm buttoto reset the fault

6.4 Trim Position Display
The display will show the current positionthe trim if enabled. The position can be shown in two
ways:
1. When the trimis running, the display will show the position while the device is running.
2. When the display is on the System Status psggell to the desiredhdicator using théCK
button.
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6.5 Options Screens

The options screens allow youdo the following items:
1 Set the brightness, contrast, and night/day level for the screen
1 View the current draw on each individual pin

To enter the options screen, press and hold the ACK button for 2 sedaitelat least one of the
switches 2 through 6 is on. If switche® &re all off, the V50 will go into setup. You will see:

*Options Screen*

Use switch 7 to scroll through the screens. Press ACK to select tisersdns.

To adjust the screen settg)gcroll to the screen shown here:

Screen >

Press the ACK button to view the sub screens: brightness, contrast, day level. Use switch 8 to adjust
the values for each screen, and switch 7 to scroll to the next screen. Scroll to the save screamcel
and press ACK to exit.

To view the current draw on an individual pin, scroll to the Device Amps screen, as shown here:

Device Amps >

Press the ACK button to view the sub screens. Use switch 7 to scroll through each assigned pin on the
ControlUnit. Each screen shows the connector, pin, pin name, and current draw from that pin.

The screen below shows connect®y@in 20, CABL (cabin light) is drawing@ amps.

8- 20 CABL 1.6

Scroll through all the pins to g the exit screen. Press AG& exit to the options screendsing
switch 7, scroll to the exit screen to exit the Options screens and go back to the system status screen.

EXIT >

6.6 Setup Screens

To enter setup, switches 2 through 6 must be in the Off position. Press atlaeha@K button for
two seconds. Setup is entered when you sesethupscreen.
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* Setup Screen *

Once in setup, you can scroll to each of the main setup screens using switch 7. The main setup menus
are:

Software version
Electrical
Devices

Delete devices
Wig Wag

Pitch trim

Roll Trim

Screen

Exit

=4 =4 -8 _-_8_48_9_9_°_2

See Appendix A for a complete description of the setup screen structure.
To exit, you must scroll through each of the screens to get to the exit screen and press ACK.

You can navigate the setup menus using ¢hlewing switches:

Switch 7 Scrolls down to the next screen
Switch 8 Modifies the value of the current screen
ACK Acknowledges or selects the screen. If a screen kagright arrow) on the right side

of the screen, pressing the ACK button will seleat 8treen and enter the ssdyeens.

Each setugcreen is described below along with its sapeens.

6.6a Software version

This shows the current software version installed. You can find the latest software version on the
Vertical Power web site under Suppeor Software.

Software 18.2b

6.6b Electrical
Press the ACK button to enter the electrical setup screen.

Electrical >

Press switch 7 to scroll to the sstreens. The first swdrreen is the electrical configuration. Use
switch 8 to set the value to leér configuration 1 or 2, as shown on your Load Planning Worksheet.
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Config 2

Set the low voltage alarm limit. If the volts go below this limit, the low voltage alarm will be activated.
We recommend this be set for 13.0 volts for at 12 volt sysber?6.0 volts for a 24 volt system.

Low Volt 1 3.0V

Set the ovewoltage alarm limit at either 16 volts or 32 volts.

Over Volt 16V

Set theAux Battery input to disable or enable. If enabled, the aux battery voltage is read via J8, pin 12

Aux Ba tt Disable

Scroll to the Save or Cancel screen and press ACK to return to the setup screens.

Save >

Cancel >

6.6c Devices

Press the ACK button to enter the device setup screens. This is where you assign the Control Unit pins
to switches, st the circuit breaker value, and set some other circuit behaviors.

Once in the device setup screens, you can scroll through each configurable pin on the Control Unit.
The flaps and trim are configured elsewhere. The starter circuit is always on andbeaooofigured.

1-02 LITE 7 1Us

The screen above can be read as follows:

1-02 Connector 11, pin 2 (note: J11 is shown as 1,not 11)

LITE Device name

7 Circuit breaker value. Can be 1 to max current value of that pin.

1U Switch number

S Device behavior.
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p designates this pin as the primary alternator field
S designates this pin as the secondary alternator field

If the pin s empty then it looks like this:

8- 20 EMPTY

To set up a device, scroll to the pin that you want to set up. You scroll tomthsipg switch 7. Once
there, press the ACK button to select that pin and view itsstdens. Once in the sgbreens, you
must scroll to the end to either save or cancel your settings.

Pressing the ACK shows the firstige screen which allows you &nter or change the name of the

pin. You can enter any name up to four characters long. Use Switch 8 to scroll though each character.
The selectable character is shown with an underline. Press ACK to move to the next character. If you
enter the wrong chacter, press ACK until you get back to the spot where you want to change the
character.

1-03 Name LAND

An error message is shown if the name is already used.

Once the name is set, press switch 7 to go to the nexscsebn where you can set the switdtich
controls this pin.

1- 03 Switch 02

Press switch 8 to scroll through the switches. The possible choices are:

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

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

7,8 Switches 7 and 8 are momentary switches and can be used to turn poveer guils
off. Because they spring return to center, they do not give visual feedback of the switch
state (up or down) Press up to turn on and down to turn off.

E1, E2, E3, E4These are external switch inputs corresponding to input pinglJ8vhen grounded,
the pins assigned to these inputs will turn on.

On The pin is always on when the \@is on.

Off The pin is always off.

In the above scree®in3 on connectod1 will turn on when switch 2 is turned on.

PN, .. . .
A Vertical Power Vertical Power VP-50 Installation Manual Page 42



Press switch 7 to go to the breaker valuesmben where you can set the circuit breaker value. The
value can be set from 1 amp to the maximum value for that circuit. The default is the maximum value.
Use switch 8 to set the value.

In this prcture, Pin 3 on connector id set with a circuit breakemalue of 7 amps.

1- 03 Breaker 7

The pin can be configured to detect a “current
enabled is turned on and does not draw any current for 3 seconds, the circuit is faulted. You can use
this to detecburned out lights or inop heated pitot tube for example. The minimum detectable current
is about 100ma, so this should be used on devices like lights, strobes and loads that draw measurable

~ 6-05 CrntFlt On

On the 10 and 18 amp circuits, you @so specify a standard or sldhow fuse. Leave this set to
standard. Use slow blow only on 6 amp or greater circuits where you get nuisance trips and have
verified the breaker value is correct. The screen is shown below.

1- 03 Fuse Std

Press switcl? to go to the field selection sigereen. This is where you designate thegpipinsas
powering either the primary alternator field, the secondary alternator field, or neither. The default is
neither.If the pin being configured is used for the field wie it must be designated as such here.
Failure to properly designate the field wirgs) will render the overvoltage protetion system
inoperative. When an overvoltage condition is detected,MRe50 turns off the field wirepreventing

the alternator frongenerating the overoltage condition. If the pin is not specified as a field wire, then
the VR50will not turn off any pins and the OV condition will continue.

If you are using an externally regulated alternator that requires power to two pins, then
dedgnate both of those pins as field wires.

The choices are:

No  Thisis not a field pin

Pri This pin powers the field for the primary alternator

Sec This pin powers the field for the secondary alternator. If no secondary alternator is installed,
then do nouse this setting.

1- 03 Field NO

Press switch 7 to bring up the save-saleen. Pressing the ACK button will save any changes to the
pin settings and exit the sidoreen. Press switch 7 again to go to the Cancet@alen.
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6- 05 Save >
6- 05 Ca ncel >

Repeat this process for each of the devices you have in the Load Planning Worksheet. Scroll from one
device to the next using switch 7. To exit the devicesubens, you must scroll through ALL thi@s
to last itemwhich is the EXIT screen.

EXit >

When you are at the Exit screen, press the ACK button to go back to the main setup screens. From
there, use switch 7 to scroll to the next itenthe setup screens

6.6d Delete Devices

Press the ACK button to enter the device delete scr&hissis where you delete or clear a pin that is
no longer used.

Delete Devices >

Use switch 7 to scroll through the pins that have assignments. Press the ACK button to delete (clear)
that pin.When cleared, a pin is not assigned to any switch and isdffconfigured otherwise

Pressing the ACK button in thlsereerbelow will clear pin 1 from connector 6.

1- 02 BPMP Del>

Use switch 7 to scroll to the endithe list and the exit subcreen. When you are at the Exit screen,
press the ACK button toogoack to the main setup screens. From there, use switch 7 to scroll to the
next item.

| Wig Wag >

Press the ACK button to enter the&y-wagsetup suiscreens. This is where you configuwhbich
pin(s) can be set to pulse, and which switch rsithe wig wag..

Press switch 7 to scroll through each of the sub screens. Press switch 8 to set the valusorearsub
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Set thdfirst device that you want to wiggag. You can wigvag one or two deviceklse switch 8 to
scroll through the devices @drselect the one you want.

Device #1 Off

Repeat to configure the second device, if necessary.

Device #2 Off

Set the warrup period, in seconds. This is the time that the lights are steady prior to beginning to wig
wag. There is a minimum 5 secowdrm up time. A 30 second wasap time is recommended for
HID lights.

Warm Up 5

Either switch 7 or 8 can be configured to turn on the wig wag. Once thés)igrd on, the user can
press the switch up to wig wag and down to go steady.

Enable S witch 7

Press switch 7 to scroll to either the Save or Cancel settingsceedn. Press ACK to exit to the main
setup screens.

6.6f Pitch Trim

Pitch Trim >

Press the ACK button to enter the pitch trim setupssubens. This is where you configure pliteh
trim.

Press switch 7 to scroll through each of the sub screens. Press switch 8 to set the valusomrearsub
Enable the pitch trim by using switch 8 and set it to En&lde switch 7 to scroll down to the SAVE

screen and press ACK to save améble the trim. You can now run the trim using the external pitch
trim switch. GO back into the pitch trim menus and configure the rest of the items.

Enable Enable
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Set the polarity of the pitch trim motor to either Std (standard) or Inv (invettéa. pitch trim runs
in the opposite direction than expected, change this from Std to Inv.

Motor Cntrl Std

When the trim motor moves, the position sensor within the trim motor sends a variable voltage back to
the VR50. This voltage is then convertexa digital number that ranges from 0 to 255. As you move

the trim motor, this value changes to reflect the actual position. Depending on how your aircraft is
wired, either O or 255 may represent the trim up limit. This is why the trim indicator néidatican.

The end limits and neutral position need to be calibrated so they are displayed correctly.

To calibratethe pitch trim UP position indicator:
1. Scroll to the “Up Pos” screen. The value shi
for trim in the up position.
2. Run thepitchtrim all the way up (trim tab should be pointed down). Be careful the area around
the trim tab is clear before moving it.
3. Press ACK to set that valee use switch 8 to set the desired value, shown on the right

In the screen below, the actual position is 202 and the max up setting is 245.

Up Pos 202 245

Repeat this process for the neutral and down position settings.

For pitch trim only, enable the variable speed fiiimction The input pin that determines thenir
speeccan be set to OFF, EA E1 is input pin 1 on the J8 connector. If enabled, set the input pin that
is wired to the flap micr@witch or airspeed switchVhen the input is grounded, the pitch trim runs a
one speed and when-gnounded it runs another speed.

Var Speed El

If VAR SPEED isenabled, the % Power can be set. Configure the % of maximum motor speed to run
the trim motor when the aircraft is at higher speed.

% Power 60

Press switch 7 to scroll to either the Save or Casetihgs sutscreen. Press ACK to exit to the main
setup screens.

6.6g Roll Trim
Repeat the instructions for pitch trim to set up roll trim.
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6.6h Screen Settings
Press the ACK button to enter the screen settings.

Screen >

Press switch 7 to scroll througlach of the sub screens. Press switch 8 to set the value oisaeseit.

Adjust the daytime screen briglefss.

Brightness

Adjust the screen contrast.

Contrast

Adjust the value where the light sensor changes the screen and LED switch lights fromiday
values. Increasing the value means the changeover will occur in brighter sunlight. Range is 0 to 1000.
The middle value is the actual value (when entering this menu item) and the right value is the setting.

Level 602 200

Press switch 7 to salt to either the Save or Cancel settings-safeen. Press ACK to exit to the main
setup screens.

6.7 Update Software
You can update software for the V39 in a single button press. There are tyyes of files used by
the VR50:
1 Application software, whicleontains the code that runs on the microprocessors. The filename
looks like2009_10_ 13r2006h_50VP.vpd
1 Settings file, which contains the settings unique to your aircraft. You cathesefiles and
loadthemback later or loathemonto another systentypically, these files only work with
the same version of the software that exported the settings files. So be sure to export your
settings each time you upgrade. There are numerous files ridenadhe .book

Warning!
After performing an Update Software process or Import Settings process, thoroughly verify
proper operation of each electrical device, including flaps and trim.
Do not fly the aircraft until the electrical system has been verified for correct operation.
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6.7a Application Software

Updated softwaresiavailable periodically at no charge from the Vertical Power web site (go to
Support then Software page¥)pdating the application requires two steps:

1. Install the VP Updater Software on your Windows XP laptop.

2. Install the VR50 goplication software orhie VR50.

To install the VP Updater Software on your Windows XP laptop (Véssinilar), please see the VP
50 Release Notes document on the VP web site under Sufpaitivare Upgrades.

6.7b Import/Export Settings

This allows you to export the settings fraine VR50 to your laptop or vice versall of the settings
can be saved to your laptop computer as a batkephighly recommend saviig your settingsonce
setup is completed.

To perform this function please see the-\® Release Notes document on theWéd site under
Support>Software Upgrades.

6.7c Software Update/Import/Export Troubleshooting

If you are unable to get your PC to communicate with the Switch Panel, try the following:
1. Verify you are using Windows XP or Vista. We only support XP and Vista.
2. Make sure you are using the \@® application (it says \WBO in the title bar) and not the VP
100 application.
3. Make sure you have the right COMM portselected. you"re not sure whi c
being used by your PC, try them all, or contact us forunstn on how to find the correct
port.
4. Make surethelefinrost switch (switchl on the Switch P
The other switches should be down.
Verify the cable is P&/P serial is constructed correctly.
If all of the above are aseeded, you can try a lodyack test with your PAf you are not
familiar with computer details, then just skip this stepniect the VP serial cable into you
computer. Take a wire with both ends stripped. Use the wire to connect the Tx and Rx pins on
the phone jack en@es, it is tricky) Bring up Hyperterm, set it up for COMM 1, and type
something. You should get an echo of what you type. If not, try the same thing at-hpdB
of the computer. If the dB at the computer works and the cabledoést , t hen t here®
problem with the cable. Iftheed at t he computer doesn®"t work
working right (the system can report a valid serial port up to the a certain point, but there can
still be a failure of the port bepd that pant to the db9 port).
If you are still having problems/issugdease contact VP Tech Support at 505 715 6172.

oo

7 Step 4: Ground test the system

The ground test steps grerformedn two partsthe firstpartwithout the engine running and the
second part wh theengine running.

7.1 Ground Test - Part 1
Read theVP-50 Operating Manual before starting the ground tests.
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Perform the following steps without the engine runniftge batterywill drain during testingsohave
either a charger or ground power avdiab

[0 Turn on thevP-50 using theexternalmaster switch

The directions below list only the minimum steps needed for testing. More almtail operating the
systemis provided in th&/P-50 Operating Manual.

7.1a Device switching
L1 Turn each switch on anverify the expected electricdkviceor devicegurn on.
0 Operate the trimand verify the trim indicator(s) is working correctly.
[ Place your finger over the light sensor for at I&stconls. Verify that the screen dims

7.2 Ground Test - Part 2
Read theVP-50 Operating Manual before starting the engine and performing taxi tests.

This section verifies the proper operation of W50 with the engine running. The main objectives
for this sectiorare

1 Verify engine starting

1 Verify proper alternator operation

1 Verify proper device function

If this is coincident with first engine start, be suréntegratet h e ki t mérst anfjilestaru r er “ ¢
safetyproceduresvith the test plan specified herein. You may consider first verifying proper operation
of the engne and once that is complete, begin the electrical system test.

Prolonged lowpower operation of a new engine may adversely affect the engine. Be sure you
understand the engine breakrequirements, and balance@$eagainst the time needed to test the
electrical system.

7.2a Starting the engine

These procedures are published as a gndsaietg!| | ne.
procedures.

L] Ensure that the battery is fully charged. If the voltage drops rapidly during engine start, then the
batery is bad or not fully charged.

L1 Turn on thevP-50 and start the enging/e recommend that the alternator switch (switch 1) is
in the middle position during start.

7.2b Verify alternator operation

[0 Oncethe engine is running, turn on the primary alternatambying switch 1 to the up
position

[0 The voltage shouldse to aboufi4.0v (or 28.0v)On some engines you may need to increase
the RPM to see the voltage rise.

1 Move switch 1 to the middle position. You should see the voltage drop to about 12.4 volts.

O If a secondary alternator is installesipve switch 1 to the bottom position.

1 The voltage shouldse to aboufi4.0v (or 28.0v).

[0 Switch back to the primary alternator.
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7.2c Verify device operation

0 Turn each switch on and verify that each device turns on as egpect
] Transmit on each radio for 5 seconds on an unused frequency.

7.2d Verify trim and flap operation

[0 Operate each trim axis to verify operation and correct indicator display.
[0 Run the flaps up and down

8 Step 5: Flight test the system
This section verifies the pper operation of theP-50 during flight. The main objectives for this
section are:

1 Verify operation of he tim

1 Verify operation of dewies

Prior to flight, make sure you understand the followtegs which arelescribed in the Operating
Manual:

1 How to clear faults

1 How to switch devices on and off

1 How the runaway trim system operates

This section provides a series of recommended steps, and you should incorporate these steps into the
overall flight test plan as you deem appropri@&e.back and reviewhe ground test steps, as complete
and thorough ground testing will mitigate the risk of trouble while airborne.

Warning: Do not fly the aircraft until you are comfortable everything operates correctly on the
ground, and you are knowledgeable about yistesns and their proper operati@® sure you
understand how to acknowledge and clear faults.

8.1 Notes about first flight

It is the pilots responsibility to develop a test plan that ensures a safe and productive first flight.
Typically, the first flight isfocused orverifying basicflight characteristics and proper engine
operation. With that in mind, we recommend deferring electrical system tests until after you are
comfortable that the engine and airframe are performing as expected, and you are canlfgrigbl
the aircraft.

If you are installing the system as a retrofit, it is still important to complete as much of the testing on
the gound as possible.

8.2 VP-50 system checkout
Now that initial aircraft checkout flights are complete, you can proceédthetelectrical system tests.

Once airborne, keep an eye out for traffic and obstacles during the test proCedyre handheld

radio as a backup in case of electrical system failliyeu encounter any difficulties in flight due to
improper setuprounknown electrical system behavior, land as soon as practical or simply shut the
electrical system off (hold the green button for three seconds). Problems should be noted in the air and
diagnosed on the ground. If yoomplee a thorough check out on tigeound, the chances of problems
while airborne are greatly reduced.
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Verify each of the followingn flight.
0 Turn on each of the switches.
[ Verify correct bus voltage.
0 Run each of the trim ageVerify by feel that it is operating correctly and that thibdator

display is operating. Caution: many aircraft are very sensitive in pitch axis. Use extreme
caution.

LA . . .
A Vertical Power Vertical Power VP-50 Installation Manual Page 51



9 Appendix AT Setup Menus

LA .
A Vertical Power

Software version
Electrical

— Configuration setting
— Low volt limit

— Over voltage limit

— Aux battery enable
— Save

— Cancel

Devices

— Pin listing (scroll through all
pins to edit)
* Edit name
» Edit switch
» Edit breaker
e Current fault
» Edit field (if switch 1)
» Edit control type

e Save
* Cancel
—  Exit

Delete devices

— Pin listing (scrollto eachpin to
delete)
— Exit

Pitch trim

— Edit motor control parity

— Edit up switch input

— Edit down switch input

— Edit up position for indicator

— Edit down position for indicator

— Variable speed trim
- Save
— Cancel

Roll Trim

Wig-W

Edit motor control polarity
Edit left switch input

Edit right switch input

Edit left positionfor indicator
Edit right position for indicator
Save

Cancel

ag

Pin 1

Pin 2

Delay

Enable switch

Save

Cancel

Screen

Vertical Power VP-50 Installation Manual

Edit brightness

Edit contrast

Edit day/night changeover level
Exit

Page 52



