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PSS F104 Starfighter
Instruction Manual
1. Introduction
Hi, please allow me to introduce myself. I’m Stumax, and I’ll be taking you through the construction of your new PSS F104 Starfighter. I hope that you will enjoy building and flying it as much as I have. I am always open to any suggestions, criticisms etc so that I can always provide the customer with the best quality kits. Although this is an advanced aircraft, and anyone attempting to fly it really should be able to build it unassisted, please take the time to have a read though this manual to pick up on a few construction hints. It is a reasonably simple model to build, but needs to be done in the correct sequence to make it easier. Don’t expect this manual to be a complete commentary on every detail of construction, as it is assumed that the builder is already familiar with techniques commensurate with the level of experience necessary to tackle this bird. I’m not going to teach you how to skin foam wings, for instance. Having said that, there are a few general things which I’d like to discuss prior to launching into the main construction.
Firstly, have a look at the moulded glassfibre components. You’ll notice they’re all painted grey. This is plain auto primer, and has been applied in the mould prior to laying up the glass. This is the best way of achieving a good adhesion between the paint and the glass. The epoxy/glass laminate sticks to the slightly porous primer considerably better than primer will ever stick to cured epoxy. It also helps avoid pinholing and removes the need to sand the entire epoxy surface of the fuselage prior to painting, which is a tedious and unpleasant task at best. The final benefit of in-mould priming is that small scratches in the mould are filled with primer and therefore easily sanded out of the finished product, which means that moulds can last longer before having to be replaced.
The glassfibre components are moulded using a high temperature curing epoxy. This means that they are resistant to temperatures way above what the model is likely to encounter, even if painted black and left in the hot summer sun. Unlike most of our competitor’s products, which will soften at around 50 to 60C (easily reached in direct sunlight), our epoxy will retain it’s mechanical properties up to around 90C and above. 

If this is your first time using an epoxy/glass fuselage, please remember to sand with coarse paper and wipe with acetone before attempting to glue anything to the laminate, and only use epoxy, CA or silicone glue, or perhaps some of the newer polyurethane glues such as “Pro-bond”. Always use slow setting epoxy for high strength joints.
This model is constructed essentially as a one piece model. Whilst the second prototype used removable wings, this was solely to allow changing of wings to test different airfoils. The model is small enough to be transported in one piece, and mine stays in one piece as it’s too much fuss to connect/disconnect all the wing servos, tape up the wing joint etc. If you wish, you can make the wings removable, I will describe how later on when we’re building the wings.
This model needs to have flaps. They are only used for landing, and setup as crow brakes, mixed with the ailerons. Set up like this, the model can do vertical hover type landings, and land on a small landing area. This is probably the safest way to land, as it eliminates the risk of losing control in the turbulence normally encountered when you try to land behind the lift zone. If your radio doesn’t have crow mixing, it is possible to use the flaps by themselves, although you will need to allow for more elevator travel when constructing the tail section.
Wing construction
As mentioned before, I’m not going to teach you how to skin foam wings. The wing construction for this model is fairly straightforward. You’ll notice that the core saddles have a bit of a bump neat the TE, this is nothing to worry about, it’s just where the upper and lower cuts intersect. The actual TE of the wing stops short of the extent of the cores anyway. The first thing to do for this wing is to mark the position of the 6mm ply spar. This starts 90mm from the LE at the root. Mark this point, and a point 96mm from the LE. Then extend a line perpendicular to the root. The spar needs to extend from the root by 70mm for attachment inside the fuselage. Cut out this section foam to allow the spar to drop into place – it should not be tight. Mix up some epoxy and soak the spar all over in epoxy, it should soak into the endgrain. Once it’s fully soaked, add a little more epoxy to the sides and place it in the core with a strip of masking tape on each side of the core to prevent the epoxy from overfilling the gap. Join 4 sheets of balsa with a stagger so that with the LE parallel to the edge you can get all four wingskins to fit (yes, it is possible). When skinning the wings (use epoxy only) for added strength you can add a 50mm wide strip of 4oz – 6oz glass over the spar (both sides) extending the full length of the core, tapering to 25mm. Pre-wet this glass on some old newspaper. The LE section can also be toughened in a similar manner with a 25mm wide strip top and bottom, same goes for the TE, where you can add a few layers of glass which will give a strong TE which can be sanded down to a sharp edge later. 
With skins attached and cured, trim the excess balsa (root chord is 290mm, tip is 134mm, don’t forget to allow for the LE) and add the LE and shape it. Note that the LE is too thick in the chordwise direction at the tip and needs to be reduced to 6mm to get the correct LE radius.  What to do about the tip is up to you, depending on whether you will be fitting wintanks for flying or display only. If fitting them for flying you’ll need to add a 3mm ply face to the wingtip, otherwise some scrap balsa will do. 

Now measure and cut out the ailerons and flaps. Cut an extra 1.5mm off the wing and the LE’s of the ailerons and flaps to allow facing with vertical grained 1.5mm balsa. By having the grain vertical the torsional stiffness is increased considerably. Chamfer the LE’s of the ailerons so that they can be top hinged with tape. Don’t chamfer the LE’s of the flaps. They will be bottom hinged, and by not chamfering they will close up in the neutral position and relieve the servo load. Control horns may be fabricated from PCB material in preference to 1.5mm ply and epoxied into full depth slots cut in the ailerons and flaps. For the ailerons align the hole in the control horn with the hinge line, and allow for a 10mm offset between the hingeline and the hole for the horn moment arm . For the flaps, have the hole about 10mm aft of the hinge line, and allow about 10mm offset for the horn moment arm. This arrangement gives best strength when the flaps are deployed. Note that these dimensions are for control horns which are on the underside of the wing. See pics below.
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The wing servos are fitted into holes cut in the underside of the wing. Cut through the lower skin then remove the minimum foam necessary to allow the servo to fit. My preference, as I don’t own a million servos, is to glue the servos to a 50mm dia circle of 0.5mm carbon fibre sheet (0.8mm ply will also do) and screw this sheet to hardwood blocks set into the lower surface of the wing. The sheet will be slightly raised form the surface, but it doesn’t matter much. It needs a slot for the servo arm to protrude, and always make sure the arm can move through it’s full travel with the pushrod attached and connected to the control surface. Alternatively you can glue the servos into the wing using high strength silicone glue. Note that the flap servos will not be mirror images of each other like the aileron servos, as you want them to move the same direction. For servo extension wires, I use multi coloured ribbon which I strip 3 wires from and splice the section into the servo’s cable. This eliminates connectors inside the wing. Make sure you test the servos before putting them into the wing if you perform any mods like this! The wings are now pretty much complete, except for glassing, which is probably easier done at this stage before attaching to the fuselage.
As mentioned earlier, my preference is to leave this model in one piece. However, you may want to use other wings to suit different conditions, or need to disassemble the model for transport. To make removable wings, I used 8mm dia steel rods which extended about 100mm into the wing, and 70mm into the fuselage. The wing tubes (brass, 8mm ID) need to be set in a short (75mm long will do, full depth of the wing) 1.5mm ply rib at the end inside the wing, and a full length 1.5mm ply root rib in the same place as the ply spar would be fitted for the one piece model. You may also want to run a full depth 1.5mm ply shear web alongside the tubes for at least half the semispan. I also fixed a brass tube into the fuselage bulkhead by cutting an 8.5mm wide slot, 70mm long then epoxying the tube in place and glassing over it on both sides. This allows the rods to be removed easily and replaced if they are damaged. To locate the wing you’ll also need to add some 3mm steel pins just forward of the flap hingeline, which protrude into holes drilled into the fuselage. This arrangement is probably overkill, as you won’t be pulling high G’s like a normal glider.

Stabiliser Construction
The stabiliser is pre-cut in 2 sections which need to be joined. Cut the steel rod into 2 sections, one 90mm long, the other will be around 35mm. Cut 2 pieces of brass tube, one 40mm long and one 25mm long. The front slot is 35mm from the LE, the second slot is 50mm behind the first. Slots need to be cut to allow for the joining tubes and rods. The rear brass tube needs to extend from the edge of the stabiliser up to the edge of the other half (ie through the ball socket of the pushrod). Keep the balsa removed as it can be split and glued into the slots to fill the gaps. Note that the steel rods are fixed into one half of the stabiliser, the brass tubes in the other half. Epoxy the tubes in first, then the steel rods with the unit assembled and on a flat surface. Fill up the slots with the scraps cut out initially. Now sand the stabiliser to an airfoil shape with a nice bluntly rounded LE and thin the TE to about 1mm. No need to go overboard trying to get a super airfoil, but be sure not to sharpen the LE as that will cause problems in the air.
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Fitting Wing to Fuselage

Now we’re ready to fit the wing to the fuselage. The first thing to do is make an opening in the wing root area of the fuselage for the wing spar to pass through, and one for the servo wires. The opening for the wing spar should be the height of the spar (to help locate the wing correctly whilst gluing) and about 16mm wide so that the epoxy covered spar may pass through without scraping the glue off. Next you need to decide whether you want the scale anhedral of 10 degrees (as marked on the bulkheads) or less, or none at all. With the scale anhedral the model loses a bit of stability (but you’re already an expert pilot, so that doesn’t matter!) and the wingtips are very close to the ground on landing (wingtanks actually touch the ground). Whatever you’ve decided, mark a series of parallel lines on the bulkheads, about 2mm apart, so that you can see up the fuselage insides to align the wingspar. Temporarily tape one wing panel to the fuselage, and place it’s respective attachment bulkhead inside so that the spar is touching the face of the bulkhead (the bulkhead should be ahead of the spar. The bulkhead may need a little sanding to get a good fit without bulging the fuselage. Once happy with the fit, use a few drops of CA to tack the bulkhead in place. Remove the wing and repeat this for the other side. You can cut holes in the air intake areas of the fuselage to help in seeing inside if you like (they will be covered up later with th inlet covers). By the way, the inside of the fuselage is already sanded in the area of the bulkhead, but it won’t hurt to go over it again, and wipe clean with acetone. With the bulkheads tack glued in, run some epoxy around the bulkhead/fuselage joint. Use unthickened epoxy first, so that it penetrates the plywood, then put a good fillet of thickened epoxy all around the joint. Glassing is optional, although I’ve found that without glassing on a super heavy impact the bulkhead breaks free rather than taking the fuselage skin with it. 
When this joint has set, it’s time to fit the wings. Mix up some epoxy and cover the fuselage bulkhead in the spar attachment area. Now thicken the remaining epoxy a little (not too much as the strength will suffer) and put some on the wingspar face and edges. The fuselage needs to be jigged up so that it’s sitting flat with the centreline vertical, like below.
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Here you can see the sub fin held in a vice, which has been shimmed to get the seam of the fuselage vertical. Now insert one wing at a time, being careful not to scrape off the epoxy during insertion. Tape the root to the fuselage for now, and block up the tips so that the wingspar aligns with the parallel lines on the bulkhead. Repeat for the second wing panel, except align the tip to the same height above the bench as the first one. Be careful not to glue the root section to the fuselage yet, as we need to align the two panels with respect to each other. Take your time here, don’t rush as once it’s done – it’s really done, there’s no undoing if you stuff it up.
Leave that for a day or so to really harden up, then it’s time to glue the root sections to the fuselage. If you have an incidence meter, it’s easy, if not, just leave the assembly in the vice and measure off a flat surface, such as a large piece of glass. Both wing panels need to be aligned within 0.5mm of each other. Run epoxy down the joint, making sure it penetrates fully. Again, leave it for a day. See the pic below.
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Now glue the intake covers in place as shown below. You can go for the scale look, and leave the gap between the edges of the covers and the fuselage, or fill the gap up to reduce drag a little.
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Fitting Stabiliser to Fuselage.
Here we’ll be fitting the stabiliser to the fuselage. The actual location of the stabiliser joining rod is not super critical. It’s about halfway along a horizontal line projected forward of the rearmost point of the fin. See pic below.
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Drill a hole to accept the brass tube, make it a precise fit on one side, and a bit loose on the other to allow for alignment. Set the rear section of the fuselage up in a vice similar to the way the front half was setup for wing attachment, using the seam and a set square for alignment. The brass tube should start life a little long, and can be extended with a piece of neat fitting rod or tube to make alignment easier. With the tube tacked on one side with CA, dribble some epoxy inside the fin area (again, it’s already been sanded for you) so that it covers the tube. Of course you’ll need to tip it upside down to do this! Then jig the tube so that it is parallel to the reference surface as shown in the pic below.
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Leave this to set fully.

Joining the fuselage

Now the model starts to get big! The front and rear sections of the fuselage are joined simply by drilling a series of holes in the flanges and gluing with epoxy, as shown below.
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Canopy and Wingtanks

The canopy is vac-formed from PETG. It needs to be trimmed to fit the fuselage nicely, There is a 1.5mm plywood canopy base supplied which needs to be glued inside the bottom edge of the canopy. The best way to do this is to use very thin double sided tape to stick the ply base to the fuselage, the run a bead fo glue around the canopy then place it over the ply base. When it’s dry, just pop it off, and it fits perfectly. In the absence of proper PETG glue, I roughen the area with coarse sandpaper and use white glue. It works well, just don’t leave your model in the rain! The canopy can be attached with a dowel at the rear and a small screw at the front, or just with rare earth magnets. Whatever method, make sure it stays put as there is a lot of aerodynamic lift trying to rip it off. The fuselage needs to be cut away under the canopy to allow for installation of the Rx and battery, leave an edge of around 6mm all around.

How the tiptanks are constructed is up to the builder. This depends on whether you intend to fly with them or just use them for static display. They are prone to landing damage, and cost about 10% of top speed, but they do look very cool in the air! The mouldings need to be trimmed back to the paint line, then sanded just inside to allow for joining. Cut a profile from 3mm ply, balsa or foam to fit inside the tanks and glue it in place (inside each half). Now cut slots to allow for the end fins, which may be cut from 1.5mm ply if you’re flying with them, or just cardboard of you’re not. Then sand the joining surface flat and join the halves together and add the fins. If you will be flying with them, the best attachment method is 3mm nylon bolts into tapped hardwood blocks in the wingtips, otherwise just use small rare earth magnets. Where the tanks meet the wingtips, add a 1.5mm ply rib to create a neat joint. The LE is 195mm from the front of the tiptank.[image: image12.jpg]



Radio Installation

The radio installation is quite straightforward. Other than the wing servos, all that’s left is to cut an opening in the rear of the fuselage to screw the stabiliser servo to. Glue a couple of scraps of ply to give the screws something to bite into. The stabiliser servo needs a long enough extension to run up to the canopy opening. See pic below.
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The battery is wrapped in foam and placed inside the fuselage just forward of the bulkhead, the Rx is just forward of the battery. Make sure they can’t move forward in the event of a heavy landing. I attached them to a strip of hardwood which I slid inside the canopy opening and prevented forward movement by placing a block of foam inside the nose. Check the control movements:

Ailerons: +-15mm  (10mm crow mixed with flaps)
Flaps:  approx 70-80 degrees

Stabiliser: +-10mm at the rear joiner or more.
Stab/wing incidence: 0 degrees.

Check the CG position of 85mm from the LE at the root rib.

Finishing

The wings of this model really should be glassed with 3/4oz glass for strength as they are very thin. The stabiliser may be covered with film if desired, but I prefer glassing. The fuselage of course, must be painted. Canopy frames can be made using self adhesive aluminium foil such as Flitemetal. Hinge the flaps and ailerons with hinge tape on both sides.
Flying

Wait for a good day with at least 20 knots of smooth wind. Have someone else launch the model for the first flight. Be very smooth during turns, don’t try and turn like a pylon racer! Get the feel of the model before trying anything, as it is quite different to most models. Remember, speed is your best friend. Due to the low aspect ratio wings airspeed will bleed of quicker than you’re probably used to so make sure you have plenty of speed and space below before attempting a loop. Chances are, your first attempt will result in a flop over at the top. Don’t panic, just put the nose down and pull out when you have sufficient speed. Landing with the crow brakes takes a little getting used to, so practise up high first. Don’t come screaming in at full speed and throw the brakes out, as you’ll probably rip the flaps clean off. Bleed speed off by performing tight-ish turns over and slightly behind the landing area, then pop the brakes out. The model will hover nicely, and with a bit of juggling you can get it to descend nicely, moving very slowly forward to the landing spot (in the lift zone, out of turbulence). This takes practise, and even then it takes time to get down safely. Once you’ve mastered the technique you won’t want to land any other way, as this really makes it safer than scooting along the ground in turbulence.
I hope you’ve enjoyed your PSS F104 experience! It’s no ordinary model, and really turns heads at the slope. When flown properly, it can reward the pilot with exhilarating jet-like performance, and provide hours of heartstopping fun. Please let me know what you think, and send me pics of the completed model, I always like to hear about people enjoying my creations!
