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1.0 Introduction

Congratulations on acquiring the newest innovation in unmanned combat aerial vehicles.  The following manual is a basic description of the E-37, its uses, and how you can perform them.  There is a supplemental CD that is included with this instruction manual.  The CD contains a digital copy of this manual as well as the instruction manuals for both the Futaba 9CAP, and 6EXA radio control systems.  This will aid in your use of the controllers themselves as they are some of the most advanced controllers on the market and require expert set up.  For your safety and the safety of others we ask that you read through all of the supplied readings before attempting to use your E-37.

2.0 Cautions and Safety Tips

Please read through the following Safety Tips because safety comes first.  Safety tips are also listed throughout the rest of the manual for specific items within their respective section.

· Before every flight check that the motors and propellers are in place and secure – especially after transporting the model, and after hard landings and crashes. 

·  Check also that the frame is whole and in tacked before each flight.

· Don’t plug in the battery until you have switched on the transmitter, and you are sure that the motor control on the transmitter I set to “OFF”.

· When the model is switch “ON”, ready to fly, take care not to touch the propeller.  Keep clear of the propeller and ask spectators to stay back.

· Allow the motors to cool down after each flight.  You can check this by carefully touching the motor case with your finger.  The temperature is correct when you can hold you finger on the case without a problem.  On hot days this may take 15-20 minutes.

· Please keep in mind at all times that planes are not toys and you should not fly towards people or animals.

· Radio Controlled models, and especially model aircraft are very dangerous and can cause severe damage or injury and we ask that you keep this in mind when operating the E-37.

3.0 Parts List

Table 1 Parts List

	Product
	Part #
	Description
	Cost (USD)
	QTY REQ

	Frame
	
	
	
	

	Carbon Fiber body
	
	
	
	1.0

	Servos
	
	
	
	

	Elevrons  
	FUTM0034
	S3102 aircraft micro
	$39.99
	2.0

	Front Wheel
	FUTM0034
	S3102 aircraft micro
	$39.99
	1.0

	Paint ball dropper
	FUTM0034
	S3102 aircraft micro
	$39.99
	2.0

	Control Horns
	GPMQ3900
	Small Nylon 2-pack
	$0.99
	2.0

	Control Horns
	GPMQ3901
	Large Nylon 2-pack
	$0.99
	2.0

	Control arms w/ kwik links
	GPMQ3783
	2-56 steel clevis with 12" pushrod
	$1.00
	5.0

	Servo extension wires
	BUKM2055
	12 in
	$3.40
	2.0

	Servo extension wires
	BUKM2060
	24 in
	$4.70
	1.0

	Controllers
	
	
	
	

	6 channel
	FUTK 55
	6EXA
	$179.99
	1.0

	Receiver
	R127DF
	
	$0.00
	1.0

	9 channel
	FUTJ 87
	9CAP
	$449.99
	1.0

	Receiver
	R149DP
	
	$0.00
	1.0

	Accessories
	
	
	
	

	Paint balls
	
	
	$0.27
	2.0

	Wheels 3"
	DUB 300SL
	2 pack of ultra light wheels
	$6.75
	3.0

	Landing gear rear
	GPMQ1830
	
	$9.99
	1.0

	Socket head bolts
	GMPQ3052
	8 - 32 1 1/2" pack of 4
	$1.29
	2.0

	Landing gear front
	GPMQ4261
	
	$5.49
	1.0

	Brass Wheel Collars
	GPMQ4306
	Package of 4
	$1.39
	2.0

	Prop balancer
	
	Magnetic prop balancer
	$25.00
	1.0

	Battery charger
	
	Triton battery charger
	$150.00
	1.0

	Electric Propulsion
	
	
	
	

	Brushless (vertical)
	Hacker
	B20 15L 4.4:1
	$140.00
	2.0

	Vertical speed control
	Hacker
	Master 18-3P
	$85.00
	2.0

	Propeller
	APC Sport
	11X3
	$2.86
	1.0

	Propeller
	APC Pusher
	11X7
	$4.54
	1.0

	Prop nuts
	GR605331
	Prop shaft adapter 3.2mm
	$5.50
	2.0

	Battery (Li-ion) 11.1V
	TP2100-3S
	2100mAh
	$79.95
	2.0

	Brushless (horizontal)
	Hacker
	B40 9S 4.4:1
	$229.00
	1.0

	Speed control
	Hacker
	Master 40-3P
	$109.00
	1.0

	Spinner
	DUB273
	2 in black spinner
	$4.65
	1.0

	Prop adapter
	GR288/2
	4mm collets F/PR adapter
	$5.70
	1.0

	Prop nut
	GR288/2N
	Prop nut for GR288/2
	$1.00
	1.0

	Propeller
	APC Sport
	9X6
	$2.29
	1.0

	Battery (Li-ion) 11.1V
	TP6000-3S3P
	6000mAh
	$173.00
	1.0


4.0 Charging info for Batteries

Thunder Power Batteries supplied the following information.  The proper care of these batteries is very important and the manufacturer has the most in-depth information to ensure your safety.  All information pertaining to the batteries supplied can be found as the bold items in the tables.

Lithium Polymer batteries are volatile.  Failure to read n follow the below instructions may result in fire, personal injury and damage to property if charged or used improperly.

General Guidelines and Warnings:

1) Use specific Lithium Polymer charger only.  Do not use a NiMH or NiCd charger – Failure to do so may cause a fire, which may result in personal injury and property damage.

2) Never charge batteries unattended.  When charging LiPo batteries you should always remain in constant observation to monitor the changing process and react to potential problems that may occur.

3) Some LiPo chargers on the market may have technical deficiencies that may cause it to charge the LiPo batteries incorrectly or at an improper rate.  It is your sole responsibility to assure that the charger you purchase works properly.  Always monitor charging process to assure batteries are being charged properly.  Failure to do so may result in fire.

4) If at any time you witness a battery starting to balloon or swell up, discontinue the charging process immediately, disconnect the battery and observe it in a safe place for approximately 15 minutes.  This may cause the battery to leak, and the reaction with the air may cause the chemicals to ignite, resulting in fire.

5) Since delayed chemical reaction can occur, it is best to observe the battery as a safety precaution.  Battery observation should occur in a safe area outside of any building or vehicle and away from any combustible material.

6) Wire lead short can cause fire!  If you accidentally short the wires, the battery must be placed in a safe area for observation for approximately 5 minutes.  Additionally, if a short occurs and contact is made with metal (such as rings on your hand), severe injuries may occur due to the conductibility of electric current.

7) A battery can ignite even after 10 minutes.

8) In the event of a crash, you must remove the battery for observation and place it in a safe open area away from any combustible material for approximately 15 minutes.

9) If for any reason you need to cut the terminal wires, it will be necessary to cut each wire separately, ensuring the wires do not touch each other or a short will occur, potentially causing a fire.

10) To solder a connector: Remove insulating tape of Red wire and solder to positive terminal of a connector, then remove insulating tape of Black wire and solder to the negative terminal of connector. Be careful not to short the wire lead.  If you accidentally cause the battery to short, place it in a safe open space and observe the battery for approximately 15 minutes.  Battery may swell or even possible catch fire after a short time.

11) Never store battery pack inside your car in extreme temperatures, since extreme temperature could ignite fire.


How to charge Thunder Power Li-Polymer batteries:

1) Never charge batteries unattended.

2) Charge in an isolated area, away from other flammable materials.

3) Let battery cool down to ambient temperature before charging.

4) Do not charge battery backs in series. Charge each battery pack individually. Failure to do so may result in incorrect battery recognition and charging functions. Overcharging may occur and fire may be the result.

5) When selecting the cell count or voltage for charging purposes, select the cell count and voltage as it appears on the battery label. As a safety precaution, please confirm the information printed on the battery is correct. 

6) Selecting a cell count other than the one printed on the battery (always confirm label is correct), can cause fire.

7) You must check the pack voltage before charging. Do not attempt to charge any pack if the open voltage per cell is less than 3.3 volts.

Table 2 Pre Charging Voltages

	Voltage before charging
	Status

	2SXP 6V or higher
	Good Condition

	3SXP 9V or higher
	Good Condition

	4SXP 12V or higher
	Good Condition


Select number of cells or voltage for charging (**incorrect cell count may cause fire)

Table 3 Cells and Voltages for Charging

	Select number of cells or voltage for charging

	2s2p, 2s3p, 2s4p = 2Cell or select 7.4V 

	3s2p, 3s3p, 3s4p =3Cells or select 11.1V 

	4s2p, 4s3p, 4s4p=4Cells or select 14.8V 




8) You must select the charge rate current if not listed below, limit charge current to 1C. A higher setting may cause fire.

Table 4 Charging Current

	Capacity
	1C
	Charge Current
	Thunder Power Charger

	730mAh
	730mAh
	700mAh to 750mAh
	750mAh

	860mAh
	860mAh
	750mAh to 860mAh
	750mAh

	1300mAh
	1300mAh
	1000mAh to 1300mAh
	1250mAh

	1900mAh
	1900mAh
	1500mAh to 1900mAh
	1500mAh

	2100mAh
	2100mAh
	1500mAh to 2100mAh
	2000mAh

	7800mAh
	7800mAh
	2000mAh to 7800mAh
	2000mAh

	8200mAh
	8200mAh
	2000mAh to 8000mAh
	2000mAh


First discharge: 

Keep the flight time to six-minute sessions with fifteen-minute breaks. 

Storage and transportation:

1) Store battery at room temperature between 40 and 80 degrees Fahrenheit for best results. 

2) Do not expose battery pack to direct sunlight (heat) for extended periods.

3) When transporting or temporarily storing in a vehicle, temperature range should be greater than 20 degrees Fahrenheit but no more than 150 degrees Fahrenheit.

4) Storing battery at temperatures greater than 170 degrees Fahrenheit for extended periods of time (more than 2 hours) may cause damage to battery and possible fire.

Caring for battery:

1) Charge battery with good quality lithium polymer charger. A poor quality charger can be dangerous. 

2) Set voltage and current correctly (failure to do so may cause a fire).

3) Please check cell voltage after the first charge. Table below shows acceptable values:

Table 5 Post Charging Voltages

	After charging, Check battery voltage with a DVM, voltage should read:

	2Cells or 2SXP Fully charged voltage: 8.4V (8.32 to 8.45)

	3Cells or 3SXP Fully charged voltage: 12.6V(12.48V to 12.68V) 

	4Cells or 4SXP Fully charged voltage: 16.8V(16.64 to 16.90V) 


4) Do not discharge battery to a level below 3 volts per cell under load. Deep discharges below 3 volts per cell can deteriorate battery performance.

5) Use caution to avoid puncture of the cell. Puncture of cells may cause fire.

Operating Temperature:


Charge: 32 to 113 degrees Fahrenheit


Discharge: 32 to 149 degrees Fahrenheit

1) Let battery cool down to an ambient temperature before charging. 

2) During discharge and handling of batteries, do not exceed 160 degrees Fahrenheit.

Battery Life:

Batteries that lose 20 percent of their capacity must be removed from service and disposed of properly.

Discharge the battery to 3 volt per cell, making sure output wires are insulated then wrap battery in bag for disposal.



Charger specific settings: 

· For Triton Charger, reset timer to 5 hours (If use with 7.8AH and 8.2AH batteries)

Do not use Orbit charger with 6.1 firmware (use 6.2 firmware or higher)

For Schulze chargers with version 8 (Cell count must be set correctly for every charge, or may cause fire)

5.0 Motor limitations

The motors that are supplied with this aircraft are both from Hacker Brushless USA.  The B20 15L is the smaller of the two motors.  It is used to supply the E-37 with enough thrust to take off vertically.  The B40 9S is the larger motor capable of flying this aircraft at speeds up to 58 mph.  The following table has some important size information about the motors.

Table 6 Brushless Motor Sizes

	Specifications
	Weight
	Weight+PG
	Shaft Dia.
	Shaft Dia +PG
	Shaft Length

	B40 "S" Series
	4.6 Oz. 
	6.5 Oz.
	3.17mm
	4mm
	12mm

	B40 "L" Series
	5.6 Oz. 
	7.5 Oz.
	3.17mm
	4mm
	12mm

	B20 "S" Series
	1.4 Oz. 
	1.8 Oz.
	2.3mm
	3mm
	10mm

	B20 "L" Series
	1.8 Oz. 
	2.4 Oz.
	2.3mm
	3mm
	10mm


Tables 7 & 8 list the motor constants that can be used to estimate the performance of the motors and allow you to choose the best one for your application.  The higher the Kv the faster the motor will turn, so a high Kv will result in a high top speed.  The higher Kv motors tend to have a higher Io which usually results in less thrust because the motor reaches its limits before the full use of its torque can be utilized.

Table 7 B20 Series Motor Constants

	B20 Series

	Motor 
	RPM/V (Kv) 
	Resistance (Ri) 
	Idle Current (Io)

	B20 31S 
	2903
	0.219
	0.25

	B20 26S 
	3463
	0.155
	0.35

	B20 22S 
	4091
	0.108
	0.55

	B20 26L
	2077
	0.197
	0.2

	B20 18L 
	3086
	0.092
	0.4

	B20 15L 
	3704
	0.064
	0.7

	B20 12L 
	4629
	0.041
	1.1


Table 8 B 40 Series Motor Constants

	B40 Series

	Motor 
	RPM/V (Kv) 
	Resistance (Ri) 
	Idle Current (Io)

	B40 8S
	5325
	0.0092
	3

	B40 9S
	4733
	0.0118
	2.1

	B40 10S
	4260
	0.0146
	1.75

	B40 11S
	3873
	0.0175
	1.53

	B40 12S
	3550
	0.0213
	1.4

	B40 18S 
	2367
	0.0486
	0.74

	B40 8L
	3750
	0.0112
	2

	B40 9L
	3333
	0.0143
	1.7

	B40 10L
	3000
	0.0177
	1.29

	B40 12L 
	2500
	0.0258
	1.08

	B40 18L 
	1667
	0.0589
	0.61


The motors are pushed to their limits when flying the E-37.  Both motors are capable of spinning at extremely high speeds that would cause bodily injury.  Please keep this in mind when you are operating the E-37.

Table 9 Motor Limits

	
	Max

	
	RPM
	Volts
	Current
	Power

	B20 15L
	50000
	12 V
	15 A
	180 W

	B40 9S
	60000
	12 V
	25-30 A
	360 W


The motor’s power is regulated by the two speed controls listed in Table 10 Speed Control Sizes.  They receive a signal from the controller and give the motor the amount of power you tell it to supply.  The battery and the motor are both connected to this small device.  It serves as an electronic throttle.

Table 10 Speed Control Sizes
	Part #
	Amps
	Cells
	Bec/Servos
	Size
	Weight

	Master 18-3P
	18
	6-10
	Yes/4
	1.5”x.9”x.35”
	.52 oz.

	Master 40-3P
	40
	6-12
	Yes/4-5
	2.5”x1”x.4”
	1.1 oz


6.0 Wiring of the E-37

Vertical Flight:

1) Connect the two Master18-3P speed controls to the R127DF receiver into channel 3 for the top motor and channel 1 for the bottom motor.

2) Connect the two B20 15L brushless motors to the Master 18-3P controllers.

3) After the controller is turned on and the throttles are in the neutral position, connect the TP2100 3S batteries one to each of the Master 18-3Ps.  If the controller is turned off the throttle will run wide open and the propellers could cause sever injury or damage.

Horizontal flight:

1) Connect the Master40-3P speed control to the R149DP receiver into channel 3 for the throttle of the B40 9S motor.

2) Connect the B40 9S motor to the Master40-3P.

3) After the controller is turned on and the throttle is in the neutral position, connect the TP6000 3S3P battery to the Master 40-3P.  If the controller is turned off the throttle will run wide open and the propellers could cause sever injury or damage.

Controls of the accessories:

1) Connect the servo wire for the front steering wheel to channel 4 on the R149DP receiver.
2) Connect the servo wires for the elevrons to channels 1 & 2 on the R149DP receiver.  Make sure the connections are not backwards or the plane will turn right when you tell it to go left.
3) Connect the servo wires for the bomb bays to the channels that you are most comfortable with on the R149DP receiver.
Test all controls while on the ground so an error will not cause a catastrophic aerial accident.
7.0 Controller configurations

The controllers for this project are very advanced and it is not recommended that you try and operate the E-37 without reading the operation manuals for those products as well.  The 9 CAP controller handles the throttle for forward flight on channel 3, the steering wheel on channel 4, the elevrons are controlled by channels 1 &2.  The paint ball droppers can be adjusted to any of the other channels, as they are all switch channels.  Futaba’s 6EXA is used to control the two throttles for vertical flight.  Please read the files supplied to you on the CD to find out how to program the controllers to make your flying experience as effective as possible.

8.0 Final Thoughts

· Before attempting your first flight please run a range test on your controllers.  Also make sure that your controller is on a different channel than the other controllers around, or you will get interference and you will lose control.

· Flight times will vary depending on the percentage of throttle that you run it at.

· There is enough power for about 15 minutes of hover.

· Forward flight can be as short as 15 minutes and as long as 45 minutes, depending on throttle percentages.

We hope that the E-37 is capable of everything that you expected and you enjoy the benefits of owning the worlds most advanced small UCAV.

Brian Arent, Adam Merritt, Mike Raabe, Dave Smith

