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ELECTRIC TOMAHAWK FUTURA

Developing a Passion
My passion for all things electric powered 

started about six years ago when I used lithium 
polymer packs for the fi rst time. I scratch-built 
several fi xed wing Depron models with GWS 
geared brushed motors powered by these 
packs and was instantly hooked. My collection 
of 2 and 4-stroke engines were quickly sold to 
fund the purchase of larger ARF models that I 
converted to electric power on set-ups varying 
between 6 and 12 cells.

 My specifi c passion for EDF models started 
about two years later. I started with 70 mm 
diameter fans and built several foam and balsa 
kits. My favourite to this day is still the Phase 
3 F-16. Not the quickest model to put together 
but by far the model that has delivered the 
most enjoyment. 

The next step up after fl ying 70 mm EDF 
models is 90 mm. Unfortunately, at the time, 
the airframe choice for 90 mm EDF was fairly 
limited and when wanting to fl y something other 
than a ‘foamie’ the costs escalate rather sharply.

Within the last 12 months available EDF 
power has clicked up a notch with a handful 
of 120 mm+ fans becoming available. The 
20 lb+ of thrust from these fans is bringing 
EDF closer to the performance of the smaller 
turbine engines. The choice of purpose built 
airframes for this size fan is even lower than 
the 90 mm size so conversion of a turbine 
airframe was the only real option. 

During my search for the perfect airframe 
to convert I fell for the ‘baby’ Futura when I 
edited together a video of Ali Machinchy fl ying 
the fi rst Futura 1.9 m in the UK earlier in the 
year. It wasn’t your typical maiden fl ight. There 
were, of course, the typical precision rolls, 
loops and high speed passes you would expect 
from a pro pilot, but what stood out for me 
were the slow fl ight ability and the fi rst knife-
edge loop I have seen a jet perform on video. 
All this plus the fact that Tomahawk Design are 
known for producing extremely light airframes 

attracted me to considering the model for EDF 
conversion. 

The premium 127 mm fans now generate 
around 20 lb of static thrust, which equates 
roughly to the performance of, say, the P80SE 
but just having that type of EDF power doesn’t 
make an airframe suitable for EDF conversion. 
It did prompt me to fi re off some more 
technical questions to Ali to see if the EDF 
conversion would be viable. Despite obviously 
being a very busy guy he replied several times 
to my emails and confi rmed my belief it would 
be a successful project.

Plenty of space for a large EDF fan and thrust tube
Plenty of space for a large EDF fan and thrust tube
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Finding a Suitable Airframe
The main criteria for a good EDF airframe 

are the ability to get enough air through the 
intakes smoothly to feed the fan and out again 
in a straight line to provide the maximum 
thrust. Typically jet airframes for turbines 
are scale and therefore have small intakes not 
suitable for EDF conversion. For example, 
most F-16 and MB339 kits exhibit this. There 
are some notable exceptions though. Most 
F-86 Sabre and F-100 kits are superb for EDF 
conversion. Obvious really, when you look at 
the big central intakes on full-scale examples. 
Fortunately, the Futura 1.9 m met the criteria 
for conversion due to its large intakes, which 
are cleverly integrated into the wide shape of 
the fuselage but there was still work to do.

The kit arrives with uncut intakes from the 
factory but the good news is that these can be 
opened up to a massive combined 126 cm sq 
if required. For an EDF it is not necessarily a 
good idea to have the largest intakes possible. 
There is a point at which excessive intake area 
is going to cause more drag than necessary 
and detract from the performance of the fan 
even when it would be getting enough air. 

The actual area required is related to the ‘Fan 
Swept Area’ of the fan unit. This is basically 
the area of the rotor less the area of its hub. It 

makes sense that for base performance 
the combined intake area should equal this 
measurement to ensure that the fan is supplied 
with enough air. However, there is a general 
consensus that the intake area can be between 
90% and 120% of FSA. Generally the faster the 
model the lower the intake requirement, but 
lower the static and low speed thrust. You 
only have to look at the lines of the Futura 
to appreciate that it is not an out and out 
‘speed’ model. It was designed specifically to 
retain constant speed through a sequence of 
aerobatic manoeuvres by using power on the 
uplines and its relatively high drag slowing 
the airframe on the downlines. Based on this I 
opted for 120% FSA on the intakes.

Airflow
Ensuring enough air can get to the fan is the 

first step. The second is making sure it enters 
the fan smoothly. The Futura is not perfect 
in this respect and I still have work to do to 
improve it. The optimum set-up is to have a 
‘closed system’ where intake tubes route the 
air from the intake opening smoothly to the 
mouth of the fan with minimal deviation in its 
path. I say minimal, but in reality there is no 
getting away from channelling the air toward 
the middle of the airframe when there are 

intakes on either side of the fuselage. 
The location and angle of the intakes on the 

Futura makes this a little difficult but I have a 
big block of foam and some glass cloth so I can 
start experimenting in the future if I need to. 
The next best solution is to use an inlet lip or 
‘bell mouth’ on the front of the fan. Fortunately 
this was available from an RCGroups EDF 
forum member ‘AirSally’ and when it arrived a 
dry fit to the fan showed it was a perfect match.

I mounted the fan toward the rear of the 
existing turbine rails to aid in achieving the 
correct centre of gravity (C of G). With a 
planned combined 12S 12000 LiPo pack, 
placement of this pack relative to all the other 
components has to be thought out carefully. No 
doubt we have all had bad C of G experiences 
and I really did not want to have one on the 
maiden flight of this project.

Mounting the fan at the rear of the rails 
meant that the inlet lip would have to be cut 
if it was to be fitted directly onto the fan. Not 
something I wanted to do as the moulding was 
superb. The simple solution was to extend the 
fan housing forward with an FRP rolled tube 
so the inlet lip could be fitted in front of the 
former.

The former needed sanding down to allow 
the tube to extend beyond the former but this 
was a five-minute job. After a dry fit I used 
cyano glue and kicker to make the tube and 
wrapped generously with carbon tow and 
cyano to give it rigidity. I hit one of those ‘Doh! 
Why did I do that?’ moments when I found I 
could not get the completed tube through the 
hatch. 

After kicking myself a few times I cut the 
tube in half and re-glued it together inside the 
model with an FRP sleeve around the outside 
join of the two halves to hold it all together. 
With a little lightweight filler applied to join 
between the FRP tube and intake lip I ensured 
the air would flow cleanly into the fan.

Uncut intakes with pencil marks to layout required area to remove Ramtec electric ducted fan unit mounted on turbine rails

Inlet lip attached to FRP tube and fan unit‘AirSally’ intake lip attached to the FRP 
extension tube
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Fan Choice
With consideration of air intakes complete, 

next step was to fit a thrust tube. Even the 
smaller of the two Futura models available is 
huge inside. Perfect for the enthusiastic EDF 
modeller to get their hands inside and insert a 
pre-rolled thrust tube. Not easily done with a lot 
of jets believe me. My good friend Marc Scully 
at GBR Jet helped me here with materials and at 
numerous other points of the project so I’ll say a 
thank you to him at this point. 

Exit thrust tube diameter is as important 
as the intake area. The optimum range of 
measurements for various intake areas are, 
normally, available from the fan vendor. I opted 
to start with the maximum that the Futura 
would allow, without significant modification, 
which was 97 mm. Larger diameters are 
possible, but only if the rear exhaust tube 
moulding is removed. It may be something 
to consider after the first few flights if 
performance was not sparkling.

Now that I have mentioned the ‘fan’ several 
times I had better talk about that. For this 
project I selected the Ramtec fan with the huge 
Scorpion 5035-650 kV brushless motor. The 
Ramtec fan was originally designed for use 
with an OS 90 2-stroke engine, a combination 
known as ICDF, but the new EDF dedicated 
unit, from Trim Air of Australia, has a rotor 
diameter that has been cut down by 3 mm to 
123 mm and optimised for EDF. The centre 
hub is 58 mm diameter. This gives a FSA of 
91.8 cm squared. To achieve 120% FSA for my 
intake area I cut each intake to 55 cm sq.

I was attracted to this particular fan because 
of the significant amount of real measurement 
data available and video of the fan being used 
in other models to good effect. This project 
would be unique but seeing the existing data 
and video convinced me the model would at 

least fly with authority, as the power should 
equate to a P80SE. 

Available data detailed 19.2 lb of thrust at 
169.3 Amps. 7610 Watts at 26190 rpm. Sounded 
ood, but I was still wary. Quoted performance 
for EDF fans is usually from a static test on a 
bench. The real performance in an airframe 
can be better or worse. It depends on all the 
factors I have previously mentioned plus the 
quality of the lithium polymer packs that are 
used. After completing the build I resolved to 
do my own static testing.

Installing the fan was fairly straightforward 
although cutting and fitting the thrust tube 
to the right length and diameter at either 
end proved a little more challenging. I had 
originally dropped in the fan and LiPo packs to 
work out where they needed to be to achieve 
the C of G. This left the fan toward the back 
of the turbine rails. I put the FRP sheet inside 
the fuselage loosely rolled back over itself and 
pushed it through the exit. 

I wanted the maximum diameter so found 
I needed to sand the inside of the fuselage at 
the exit. Then after applying some fibre tape 
to hold the FRP sheet in the required tube 
shape I sanded one side edge and used cyano 
and kicker to hold it together. Job done I re-

inserted the thrust tube into the fuselage and 
taped it to the fan. Of all the EDF models I have 
built it was actually the simplest thrust tube to 
make and install. It took all of 30 minutes.

For this project I used a Hacker Masterspin 
170 A electronic speed controller (ESC) that 
I had left over from a previous project. Rated 
at 200 Amps burst I was fairly confident that it 
would be suited to the set-up. In my experience 
Hacker tend to underrate their motors and 
speed controllers. I cut a ply shelf to mount the 
speed controller onto and screwed this onto 
the lip of the hatch. 

With EDF projects there is always a concern 
over cooling of the ESC if it is not located 
immediately behind the fan in the airflow. It is 
not practical to mount large ESCs like this in 
the thrust tube. Even if they do fit they would 
kill performance by blocking the airflow. I 
knew that on the initial flights I would not 
have a nose gear door, so with that opening I 
was sure that a steady flow of air would move 
over the ESC. No doubt I will install a nose 
gear door later but a simple solution to cooling 
would be to install a CPU fan running off a 
2-cell lithium polymer pack.

Since this was an electric conversion it didn’t 
seem appropriate to go with air retracts so I 

Hacker Masterspin 170 A electronic speed controllerAfter sanding down the inside of the exhaust exit to ensure maximum 
thrust tube diameter

The huge Scorpion 5035-650 kV brushless 
outrunner motor

The new Ramtec 123 mm EDF fan developed 
from its ICDF predecessor
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hunted around for electric retract options. I 
chose the E-fl ite 120 tri-cycle retracts because 
I had previously used a few sets of the smaller 
E-fl ite 25 size retracts with great results. 

After unpacking the E-fl ite retract units I was 
impressed by the quality but straight away I 
could see that there would be a little work to 
do to fi t the Pro-lynx oleos that I had ordered 
from Al’s Hobbies. The E-fl ite retracts do come 
with a set of 4 mm wire struts but they would 
have looked totally out of place on a model like 
the Futura. 

Thanks here to my good friend Rich Chant 
(designer of the JetCat P-20 powered GBR Jet 
‘Stinger’) who spent several hours taking each 
retract unit apart and drilling out the trunion 
blocks to suit larger 6 mm pins to connect the 
oleos.

For the mains we fi tted a 2 mm thick brass 
sleeve into the strut to accommodate the 6 mm 
pin. The diameter of the strut meant that the 
hole in the trunion block had to be nearer the 
far edge to clear the frame and retract motor. 
This done testing showed that the top of the 
strut caught the edge of the retract mounting 
plate. Grinding off the corner of the plate 
allowed the retract to open fully. Probably 
worth me 

mentioning that if you 
undertake these types 
of modifi cations you 
would be invalidating 
your warranty.

In terms of radio 
system I am in the camp where I like to stick 
with the trusted equipment I have been using 
for years in other models. I have been using a 
simple Spektrum DX7 for a long time, so long 
in fact that the CE mark on the back has nearly 
worn off. On all my large projects I have never 
once had a fail-safe using this transmitter so 
I was loath to get a new unproven transmitter 
with more channels unless I really needed to. 

Being limited to 7 channels did mean I had 
to match pairs of servos for the elevators, fl aps 
and ailerons into individual channels. I did this 
using the Equalizer II from Smart-Fly, a clever 
little component that can control the centring 
and throw of two servos.

For the receiver I used a Spektrum 9100 and 
for power I used two A123 2-cell 2600 mAh 
packs through a Smart-Fly BatShareUltra. On 
any reasonable size model it’s a must to have 
some type of redundancy in the receiver power 
system. The Smart-Fly BatShare continually 
monitors both battery packs and switches to 
the one with the higher voltage and routes that 
to the 

receiver and servos. 
Each A123 pack fi tted 
nicely into each side 
of the nose retract 
ply mount with a little 
Velcro strap to hold 
them in place.

The rest of the 
build was fairly 
straightforward. 

The comprehensive photo CD provided by 
Tomahawk and a forum build thread by Ali 
Machinchy made my fi rst jet build fairly easy. 
Any modeller with ARF ‘assembly’ experience 
could build the Futura 1.9 m without diffi culty. 
There were a few holes to drill and a little bit 
of sanding to do to ensure accurate fi ts of all 
components and although I was wary at doing 
this at fi rst, due to this being a premium kit, 
I found that even if I made a mistake it was 
easily rectifi ed. 

My only other modifi cation was in the 
installation of a battery tray to carry the 3 lb 
of battery fl ight pack. This was just a simple 
ply plate screwed to three birch rails epoxied 
to the fl oor of the fuselage. One of those rails 
was also glued to one side of a former. Even in 
sustained inverted fl ight the fl ight pack would 
not be going anywhere!

Last step before static testing was to add 
some decoration. If you have seen examples 
of the large and small Futuras then you will 
have come across the superb vinyl design and 
application work of Duncan Horlor of Auto-
Creative. Formula 1 racing schemes seem to 
be the trend at the moment but I wanted to go 
through the challenge of creating and applying 
my own simple scheme using vinyl for the fi rst 
time. 

A123 receiver packs installedA123 receiver packs installed Battery tray epoxied in place

Modifi ed E-fl ite retracts

Installed E-fl ite retracts
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What I ended up with was fairly simplistic 
after my own ‘organic’ design experience but 
it made me appreciate Duncan’s work all the 
more. It took a few hours to complete the basic 
stripes but after Danny from Bickley MAC cut 
me some text graphics I was very pleased with 
the end result.

My LiPo packs of choice for this project were 
the Turnigy nano-tech 25C-50C 6S 6000 packs. 
At this point it would be negligent for me not 
to mention that great care should be taken 
when using lithium polymer battery packs. The 
amount of energy these cells hold is staggering 
and appropriate measures should be taken 
to ensure that there is no risk of shorting out 
packs. It is diffi cult, but not impossible, to do 
with one pack but a lot easier when you have 
several in close proximity. 

For my eFutura set-up I used four 6S 6000 
packs. I assembled the complete fl ight pack 
by serial connecting the packs in pairs to give 
12S 6000. Each pair is then connected to the 
ESC, which then parallels them to give the full 
12S 12000 combined fl ight pack. While the 
pairs are disconnected I shielded the negative 
male plug with a female plug covered in yellow 
shrink tube. A simple thing but when I pull that 
complete fl ight pack out of the box at the fi eld 
I know I need to exercise extreme care after I 
have taken the yellow insulating plugs away. 

There are a lot of wires involved with this 
set-up and even more in my 14S 12000 40% 
Extra set-up so I have a memorised sequence 
of connecting packs and do not talk to anyone 
while I am connecting them!

So, to static testing. A mandatory step in the 
life of any EDF project and any electric project 
really. It is important to reassure yourself that 
no component of the power system will be 
stressed during a fl ight. I have learnt from 
experience that making assumptions without 
static testing can lead to damage of components 
through over heating or, as experienced in one 
fateful incident, the loss of the whole airframe 

because the speed controller burst into fl ames. 
Not my airframe I hasten to add. I was simply 
the pilot for the maiden fl ight but I still feel the 
guilt to this day. Sincere apologies to my good 
friend Ray for that!

The results of the static test prior to addition 
on the inlet lip were encouraging enough. 
Approximate thrust was 18 lb at 26785 rpm 
with the set-up generating 7564 Watts at 180.68 
Amps. But after adding the inlet lip the static 
test results became a lot more impressive. 
Approximate thrust was 19.5 lb at 29182 rpm, 
8226 Watts at 183.66 Amps. These tests showed 
I was not too far off P80 performance. 

I was quite excited at the prospect of fl ying 
the fi rst EDF 
powered 
Tomahawk 
Futura and 
exploring its 
potential at 
the annual 
Bickley Jets 
meeting in 
early June. 
When the day 
arrived I set 
off early to 
allow plenty 
of time for set-
up and make 

fi nal checks. As expected there were a few last 
minute adjustments most notable of which was 
that I had failed to infl ate the tyres on the Pro-
Lynx mains. Fortunately, Ali Machinchy himself 
was on hand to quickly get them to the right 
pressure. Although when walking away he did 
remark that I should check that the wheels did 
now retract fi t into the wheel wells. I did check 
and they didn’t! After this amusing moment 
passed Ali was on hand again with a cordless 
Dremel to make the not so minor adjustments to 
allow the wheels to retract fully into the wing.

Final checks done I plugged in the LiPos 
and taxied out for the fi rst take-off run. With 
Bickley MFC not having the longest strip I 
decided to go full throttle from the start with 
half fl ap setting. I got to three quarters the 
length of the strip before I considered that the 
model might not actually get off the deck so 
cut throttle. As soon as I did that the model 
leapt into the air and just cleared the low hedge 
at the end of the runway. Time to diagnose 
the near fatal take-off run would have to come 
later as I concentrated on some minor trim 
adjustments on the fi rst couple of circuits.

Project ‘eFutura’ 
ready to roll

LiPos of choice; the Turnigy nano-tech 6S 6000 
packs

Ali Machinchy infl ating the tyres on my new ride. A new level of Al’s Hobbies customer service!

Off the deck for the maiden fright
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Maiden Flight
I have had very few models where I have 

had enough confi dence to start any form of 
aerobatics on a maiden fl ight. Good friends at 
my local club have always lectured me on the 
restraint that should be exercised when fl ying 
a model for the fi rst time. I could almost hear 
my very good friend Julian, also a dedicated 
EDF enthusiast, telling me to do a stall test and 
dive test to check the C of G. Unfortunately 
that all went out of the window and I was 
behaving like a child with a new toy by the 
second circuit. Very diffi cult to be sensible 
when within the fi rst thirty seconds of a fl ight 
you can tell your new ride is the best model 
you have ever owned!

After a few rolls, a bit of knife-edge and some 
low slow passes I decided to land so as not 
to risk hitting low voltage on the fl ight pack. 
Half fl ap on the down wind leg, turned but 
maintained speed with throttle, then put in full 
fl ap, put the wheels down on the fi nal steep 
descent, gunned the throttle to level out and 
pulled off an almost perfect three pointer.

For a maiden it was just about perfect with 
the exception of the long take-off run. Final, 
simple diagnosis afterwards was that my nose 
leg was too short and with insuffi cient angle 
of attack rotation was going to be diffi cult. 
Although the case I thought that full fl ap 
on take-off would help. The second fl ight 
confi rmed that when the eFutura took off in 
half the length of the strip.

The drama was not over for the weekend. I 
returned for the jet event itself on the Sunday 
and had one great initial fl ight. I then decided 
to mix in some down elevator with my fl aps 
to stop the ballooning I had experienced 
on the previous fl ights when setting up for 
landing with fl aps. This change proved nearly 
disastrous as on the fourth fl ight my fears from 
the fi rst fl ight were realised. The eFutura did 
not get in the air and went through that low 
hedge at the end of the runway. The hedge 

did actually help get the model in 
the air but I had cut power by this 
point and the model came to rest 
about twenty feet further on. 

Expecting the worst I found 
that the damage was not actually 
that bad. The nose was broken, 
the retract pins all bent and one 
wingtip had caught the ground 
resulting in a bent wing tube. 
By my standard, fairly cosmetic 
damage. 

I was fairly angry with myself 
for making a schoolboy error 
in changing the fl ap set-up without thinking 
through all the consequences it might have, 

but still buoyant from the successful 
previous three fl ights I made most of the 
fi xes the following week with the aim 
at fl ying the model at the Weston Park 
Model Airshow later in the month (as I 
write). I’m proud to say I made that date 
and the eFutura did fl y a couple of times 
in front of a big crowd. After that I felt 
that the demons of that fourth fateful 
fl ight had been put to rest.

The Futura fl ew well on the Ramtec/
Scorpion EDF set-up but I have several 
more changes to make to get it to really 
sparkle. Better LiPo packs, closed 
ducting system and improved nose 
retract set-up are the fi rst three I plan to 

get done in the coming months. I am looking 
forward to improving the electric version 
of this fantastic aerobatic jet, learning what 
it can do and demonstrating the ability of 
leading edge electric ducted fan technology at 
forthcoming UK model shows this year. 

Contact
www.tomahawk-design.de

Model Info
Name: Futura 1.9 metre wingspan
Manufacturer: Tomahawk
Model Type: Jet
Engine/Motor: Ramtec/Scorpion EDF

Knife-edge. Zero coupling. Easy

On fi nals

Slow fl y by

Restored to full health for the 
Weston Park Model Airshow

Aftermath of the failed take-offAftermath of the failed take-off
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