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It all began in 2010 when I finally had the time and resources to pursue a dream that started in the 1980’s when I learned about garden railways. I wanted to make one. The internet and magazines taught me enough to get started. It was important to me as a horticulturalist to emphasize the garden part of a garden railroad. I designed the longest mainline that would fit in the available space at my home in Tucson AZ without interfering with the largest plants. We named it the Cholla Patch Railroad because of the abundance of cholla cactus. The result is a mostly trestle elevated pretzel shape design - like a dog bone folded back on itself. There’s also a trolley line. Between the tracks I made “rock islands” of native Catalina rocks and exotic desert plants, only leaving narrow foot paths next to the tracks for accessing the railroad. The hundreds of little people who inhabit the area have learned to coexist with the giant thorny plants and have even built a treehouse complex and other structures in them! There are vignettes everywhere. I tell the kids that the little people come alive at night. It’s a little bit like a Twilight Zone episode when you see how the little people interact in a world of giant plants and animals (photo 1).  

By 2019 all the blank spaces had finished rock islands except for the biggest island north of the treehouse near the center of the railroad. Something special had to go there. I had several ideas, but none of them were that great. Then, I stumbled across a video of a funicular, often called an “incline” in the eastern US or a “cliff railway” in Britain. I had never heard of them before since there are few in my country. They’re wonderful!  In the1820’s, the mining industry used the first simple versions. Passenger versions began appearing in the 1850’s, and many have been built since then. New ones are still being built. Long ones can travel over two miles and reach fantastic heights. Tourists love them, so they are big money makers.

Merriam Webster says the first use of the English word funicular from the 1600’s originally meant “relating to a cord under tension." All funiculars have two cars of nearly equal weight which are connected to each other by hooks and a single long cable. They move people and freight up and down inclines as steep as 45 degrees. Like ski gondolas, the cable goes around a large pulley at the top of the incline. Nowadays, most are powered by an electric motor connected by reduction gears to the large pulley (called a “drive wheel”). The great thing about this arrangement is that the cars balance each other so the motor has little lifting work to do. Some of the old Victorian ones used water to fill a tank beneath the floor of the car in the upper station. The added weight causes the heavier car to go down and the other car to go up. When the heavier car reaches the bottom, the water drains out and the process is repeated. A brakeman and braking system is needed on most full-size funiculars and on all water-driven ones to slow the stop.

There are three basic types of funiculars that differ only in track design: two rails, three rails, and four rails (photo 2). The earliest ones were four rail (two track) funiculars, but they are the costliest to build because rails are expensive, they take up a lot of space, and they need double stations. More advanced three rail funiculars are less expensive but a little harder to build because they require a passing switch. The least expensive is the modern two rail funicular. They use less iron rails, don’t need double stations, and occupy less real estate, but have the harder to build passing switch. This unique type of funicular was invented in 1890 by Swiss engineer Carl Roman Abt (1850–1933) for the Giessbach Hotel funicular which is still in operation. It was made possible by his innovative and revolutionary ABT passing switch - the only railroad switch without any moving parts!  Abt called it the “automatic turnout” solution. It became an instant success and most funiculars constructed afterwards use the ABT design to this day. (photos 5, 8, 19). 

Design & Construction: A g-scale funicular of any type would be a fantastic addition to the existing railroad area, but there was little information available online or in magazines. I was on my own. I used old photographs and videos, common sense and experiments to design and build the track and other elements. The design required precision and CAD drawings to create (photos 5, 14, 15, 16). After two months of research and design, construction began and had to be equally precise. For example, the split-level cars had to stop exactly in line with the split-level boarding platforms, and the cable hooks had to pass through the exact center of narrow cable gaps in the switch.

I built it in my studio on a sturdy iron support structure with composite wood footings. This was necessary because it would be almost impossible to build in place on a mountain since constant testing and design revision was required. After thorough systems testing, and coating the iron structure with Flex-Seal to prevent rusting, we moved it outside to the big island where we built a mountain range around it, burying most of the iron structure (photo 3). To the lower station, we added the Victorian ticket booth I modeled after the precious upper station at the Saltburn Cliff funicular. A wooden suspension bridge connects the upper station to the Treehouse complex about 5 feet away. The entire project took about twelve months to finish. I never realized how much work it would be, but it was all worth it (photos 4, 9, 10, 18, 19). 

Funicular’s Features: My funicular is a two rail version and features the innovative ABT passing switch (photos 2, 5, 8, 19). It was partially inspired by a video made eight years ago by a man and his grandson in Barcelona Spain who made a demonstration model of a similar G-scale funicular modeled after the Horseshoe Curve funicular in Pittsburgh. Their demonstration model was a little “rough around the edges” and not weather-resistant, so it never was installed outside. But it proved to me that a two rail G-Scale funicular was possible. I copied their use of an old 3" Meccano 19b 'V' groove pulley for the cable drive wheel. I could not find a better 3" 'V' groove pulley anywhere. G-scale funiculars are rare because most people don’t know what funiculars are, and they are hard to build. The models that do exist are the simpler four rail type. Apparently, my two-rail ABT funicular is the first one in the world that’s installed as a garden railway.

It has automated station stops with programmable timed delay and auto-reverse. Speed is adjustable with a throttle, but I usually keep it at a prototypical speed of 3”/sec. It has an automatic warning bell just like the real ones, and extensive car and structural lighting. The controls are conveniently located on the outside covered rear of the Gear Room (photo 6). Everything is weather-resistant for outdoor use. I created the track and passing switch by cutting and bending LGB brass Flex track, and securing the rails to the ties with rail spikes. The ties and road bed are made from redwood, reinforced underneath with 1 ¼” angle iron. Although not needed for normal stopping, there are wood and brass bumpers at both ends which are only needed in an emergency such as a disconnected cable. For emergencies, I put two compression springs on the lower bumper to protect a car if it falls down. The rails have brass wheel stops in the upper station dock to prevent accidental upward movement in case the controller doesn’t stop the motor when it should. Thank goodness, neither of these scenarios has ever occurred during normal operation. The cable is 1/32” marine grade highly flexible stainless steel cable. The directional pulleys are stainless steel with ball bearings. And the gears are solid brass and beveled. Meccano makes the best solid brass gears I could find.  I used a small Nextrox 60 rpm high torque 12 volt motor with an internal gear box which simplified the brass gear box design so that I only needed two additional gears to reduce the rpm down to the desired speed. For many reasons, I used as few gears as possible (photos 7, 13, 14, 16).

The ABT Passing Switch is the most fascinating part of the design. One hypnotized visitor stared at it for fifteen minutes and couldn’t figure out how the switch worked because he didn’t notice the unusual car wheels, and just assumed they were normal single-flanged wheels. It seemed impossible! How can a flanged wheel pass over the switch point if the switch point is gapless? The solution is that the one side of the cars has double-flanged wheels and the other side has flangeless wheels. The outside double-flanged wheels guide the cars through the switch by using the outside guide rails which are the only continuous rails on the track. Ingenious! (photos 2, 5, 8, 19).

I used Bachmann all steel wheel sets which were the biggest and heaviest ones I could find. This lowers the center of gravity. Heavy cars are a good thing. Don’t use plastic wheels! Modifying the wheels was fast and easy. To create a flangeless wheel, I simply ground the flange off of one wheel of each set by putting the axle in an electric drill and grinding the flange against a disk sander. To create a double flanged wheel, I just epoxied a 1½” steel fender washer with a ¼” hole to the outside of the wheel (photo 8). 

Cable and Cable Gaps: The cable has a tiny loop at each end which attaches to a small hook underneath each car. Each car weighs 750 grams making the cable so tense and straight that I could eliminate the many cable support pulleys or rollers seen on real funiculars (photos 5, 11). Heavy cars are necessary because cable tension increases the friction between the cable and the drive wheel which prevents the cable from slipping. Slipping causes jerky movement or stalling. Getting the cable and hooks to pass smoothly through the rail gaps requires precision down to 1/32". The cable must be as thin as possible and the cable crimp must be as tiny as possible. The cable I purchased came with the crimps for making a loop. I hammered tiny rail spikes tightly in place to secure the rails. Even a misplaced rail spike can cause the hook or cable crimp to hang up in the rail gap! (photo 8). Carpenters’ string was great for some of the initial testing, but contrary to what is often seen in pictures of model funiculars, don’t use it on your final model. Avoid string or rope that will stretch over time which will cause the cars to stop and pass incorrectly. The cable must be stainless steel - just like the real ones!

Cable Hooks: I used 1/16” strong thin steel rod to make cable hooks for cars. Don’t use brass rods which will bend under load, and don’t use thicker rods because they might hang up in the ABT switch cable gap. The hooks should be as small as possible and be slightly below the top of the rails so they pass through the gaps in the switch. If set too low, the hook will hit the rails or spikes. If set too high, the cable won’t pass through the rail gap. The correct hook height requires precision and must be determined by testing! Test the hook before you glue it to the attachment bracket (photo 8)!

Pulleys and Cable Guards: At the top of the track there are two 7/8” ‘V’ groove stainless steel ball bearing directional pulleys close together that redirect the cables horizontally into the two “pincher pulleys” inside the gear box (photo 13). Just below them there is a small upside down “U” shaped cable guard nailed into a tie. The cables pass between the two pins of the guard which maintains the two cables in exact alignment with the nearby pulleys as the cars move up the upper straight section of track. Since the pulleys are near the center of the track and the cable hooks on the cars are off-center, the hooks move the cable towards the outside rails as the cars ascend. Without the cable guard, the cables would not align with the pulleys and might cause them to jump off the pulleys. The two “pincher pulleys” are inside the gear box close together and near the drive wheel. They pinch the cable together before it touches the drive wheel providing extra friction to prevent cable slippage (photos 7, 14).

Adding and Removing Cars: Before connecting the cables to the cars, I make sure that the ends of the cable are close to each other near the middle of the track because it’s difficult to connect the cables if the cars are in the stations. After connecting one car, I make sure to hold it firmly until I connect the other car.  If I accidentally let go of the cable, the car will speed down the track and might get damaged. Likewise, before I remove the cars, I make sure I stop them near each other in the center of the passing switch.

Controller and Sound Module: The funicular controller and sound module had to be fully automated because they must be able to run unattended for long periods like during an Open House. Like most trolley systems, it required a programmable time delay after stopping and auto reverse. Circuit boards had to be compact to fit into the Gear Room, and able to be activated by magnetic reed or contact switches (I used reed switches because they are small and easy to install and tiny adjustments are easy). Several different controller brands seemed like they might work, but I chose the Circuitron AR-2. With valuable connection advice from the manufacturer, it works perfectly and fits in the small space in the Gear Room above the gear box. The small ITT sound module plays warning bells when the cars leave the docking stations, and is programmed at the factory to sound two trolley bell rings when activated by reed switches. It fits nicely next to the Circuitron (photo 12, 16).

Control Magnets: Only one car (Car #2) has a small magnet underneath which activates both the controller and the sound module by tripping two reed switches located between the rails at each station (photo 8). I call this the control car. Each device uses one reed switch at the top car dock and one at the bottom.  I used a 10mm neodymium magnet located 1/8” above the top of the rails. A small magnet is more precise because it will let you stop the cars at exactly the right spot. The large magnetic field of a large magnet is less precise. Don’t put magnets on both cars! The MM-D-10 style magnet by K & J Magnetics is the mounting type encased in nickel plated steel with a female threaded hole. I screwed a short piece of threaded rod into the hole under the flat car that was meant to attach a coupler, then screwed the small threaded flat magnet onto the other end. The threaded rod allowed me to easily fine tune the height of the magnet. This is the perfect magnet for activating the reed switches which lay flat in the middle of the ties and parallel to the rails! For a clean look and to facilitate installation, I put two reed switches (one for the controller and one for the sound module) into a short piece of brass tubing which I glued to the ties in the docks at both ends of the track. By moving the reed switch tube along the ties up or down, before the glue dried, I was able to precisely adjust the cars’ stopping point so that the cars’ split-level floors line up exactly with the split-level station platforms. This was a very important construction step that can only be done by trial and error. Alternatively, if you prefer, contact switches of a different sort could be used.

Don’t electrify the rails for car lighting! You’ll have an electrical short between the inner rails in the ABT passing switch point if you do. There would also be a short in a three rail funicular at the switch point unless the center rail is of common polarity. However, you can use electrified rails in a four rail funicular. If you want car lighting, you must use onboard batteries. I used common 9 volt ones that have steel casings so I saved space by attaching one to a thin magnetic disc glued underneath each car’s flat bed. My cars have cabin lighting and LED headlights (see night photos and videos).

I’m making the HD full design drawings, electrical diagrams and construction photos available online to everybody hoping that more will be built (see links to photos, videos and forum). This way, future modelers won’t suffer the learning pains and design errors I had to solve teaching myself how to make it. I suggest that if you plan on making a G-Scale Funicular with the ABT switch, you use my proven track design. Email me at jlcarmichael@comcast.net to request a full-size PDF file of the track plan, and I’ll send you a copy. My track is short due to space limitations, but it can be almost any length. Just extend my design by adding straight track at both ends. You can have longer cars and even trains of coupled cars, but these require a longer passing switch because they need more room to pass. This is made by inserting a sections of straight track in the middle of both curves of the passing switch. Surprisingly, a funicular can go around curves anywhere on the track if angled directional pulleys are placed above the ties to guide the cable around them. If you modify my design by using longer track or more curves, try to keep the cable from rubbing on the track and ties as much as possible by using pulleys, rollers, or cable guards.
