From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  12:51 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??

On Wed, 12 Jun 2002 04:53:28 -0000, Cliff B. wrote:

>Chris:
>
>I'm new to the list and was referred by a gentleman who had read a 
>previous post by you concerning a bungee assisted steering system. 
>I'm very interested and was not able to find the information using 
>the search command. Can you tell me the Post # or contact me off-
>board?
>
>Your assistance is very appreciated.

Heck, I can do better than that. Back when I was on the Powerchutes list,
and was developing the Bungee Power Steering System (BPS), I went through
several developmental stages before I finally got it right. Rather than
have you wade through all the false starts, why don't I just explain how
the perfected system works, and post a couple of pictures? It's really
very simple.

The BPS system is based on an idea I got from Gary Fisher. This bastard
listens in on my thought waves, and frequently posts a great new idea just
a few minutes before I would have thought of it on my own.

The idea is to reduce the leg pressure that is inherent in steering a PPC.
If you're doing a lot of turning, your leg muscles can get very cramped and
tired. And if you're trying to fly in a straight line, you may find
yourself having to maintain constant leg pressure on one steering bar in
order keep the craft from making a torque turn. Either way, it gets old
real fast!

Gary's idea was to install a couple of bungee cords to take most of the
pressure off the steering bars, and make the plane much easier to steer. I
thought this was an excellent idea, and so I got busy. The main problem is
that the bungees need to be able to pull the steering bars forward, but
there is very little structure forward of the steering bars on a PPC. So
the first thing I had to do was build a mast that would project ahead of
the PPC, and give me a place to fasten the pulleys that would handle the
bungee cords. I've attached a picture to show how I did this. I'll post a
couple more pictures to show the rest of the details. If you have any
questions, just ask.

As you can see in the picture, there is a bungee cord attached to the end
of each steering bar, using an additional tang. The bungee cord runs up to
a pulley on the side of the mast, goes through the pulley, and then goes
back to the seat where the pilot can reach the end of the cord in order to
pull tension on it. The pilot takes off with the bungees under no tension.
Once in the air, the pilot pulls about four feet of tension on each cord to
engage the bungees. There is a snubber mechanism to hold the bungee taut,
after the pilot has pulled tension on it. This results in the bungees
pulling almost as hard on the wing lines, as the wing does. The result is
a steering bar that requires almost no effort to push forward. It's almost
like power steering on a car.

Chris Wolf
From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  12:53 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??


Here's a top view of the system.

Chris Wolf

From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  1:14 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??


Here's a close view of the pilot's end of the bungee. The bungee line
comes in from the pulley up on the mast, passes through a line guide
attached to the frame rail, then enters a "snubber" designed to handle
lines on sailboats. The "snubber" features a pair of hinged, spring-loaded
rubber cleats. These cleats allow the line to be pulled through, but snap
shut and prevent the line from reversing. This allows the pilot to pull
tension on the bungee, and then holds the line under tension after the
pilot releases it. The line can be instantly released from the snubber,
just by pulling outwards on it to release it from the rubber cleats. The
blue plastic handle allows the line to be gripped and pulled easily.
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This is what the system looks like when it's not under tension. In flight,
the pilot pulls about four feet of bungee line through the snubber, and
then leaves it under tension. I used to just let the slack bungee line
hang down from the plane, but I worried about snagging it during landing,
so I added a strip of velcro to the top section of my CG tube, and now I
just velcro the plastic handle up there, during the flight. Works
perfectly, and keeps the bungee up and out of the way.

I'd have to say, of all the things I've ever invented for my PPC, this one
is probably the most useful. Shortly after takeoff, I engage the bungees
and start enjoying effortless flying. My turns require almost no leg
pressure. And if I'm trying to fly straight, and need a little leg
pressure to keep the plane from turning in the other direction, the amount
of leg pressure is so little that it's just like keeping your foot on the
accelerator in your car. Or if I really want to get lazy, I just pull a
little extra bungee to increase the tension on the wing line until the
plane stops turning, and flies in a straight line. It's the ultimate trim
system.

I even land with the bungees still engaged. It makes last-minute course
corrections very easy. Recently I suffered a rollover, and I discovered
that the bungees automatically pulled my steering bars all the way forward,
so they weren't damaged in the rollover.

Sometimes, when I'm flying, I release the bungees just to remind myself
what it's like to fly without them. I can't believe the difference!

I've never had the slightest problem, in flight, with the bungees. If the
wing were to suffer a collapse, the bungees would automatically pull the
steering bars forward. In which case, the first thing I would do is pull
my feet backwards to return the steering bars to normal, and then reach
down and release the bungees. If I were flying any kind of maneuvers, like
spirals, I would also release the bungees first, just to be on the safe
side, since my system has never been tested under such circumstances. 

But for ordinary level flying, it seems to work just fine!

Chris Wolf
From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  3:33 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??


Here's a closeup of the mast, and the pulley system. I should mention
that, in terms of the bungees, these are the only pulleys on the system.

The pulleys are made by Harken. They are intended for sailboats, and are
rated for about a ton of load. Expensive, but they'll last forever. I
bought the pulleys from West Marine, a big national parts store for
sailboats. They have a store here in Seattle, and they're also on the Web
at www.westmarine.com

Chris Wolf
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From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  3:39 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??


Here's a side view of the mast installation. The mast is made of strap
steel, 3/16" thick, and two inches wide. To mount the strap, I drilled a
hole for the pivot bolt to pass through the strap. The pivot bolt is the
same bolt that holds my front wheel fork to the frame of the plane. The
mast is sandwiched between the fork and wheel fender.

I also cut a notch out of the base of the mast, so it could fit around the
frame of the plane, and give it good anchor support from side to side.

Chris Wolf
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From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  3:42 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??


Here's an overview of the whole system on one side of the plane. The
bungee attaches to the end of the steering bar, runs up to the mast and
through the pulley, then back to the pilot's seat, through a line guide,
and then out to the snubber, ending in a plastic handle (also bought from
West Marine).

Did I mention that the line guide and snubber are simply screwed to wooden
blocks, and the blocks are attached to the plane with U-bolts? No need to
drill any extra holes in the frame of the plane.

Chris Wolf
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From:  Chris Wolf <cwolf41@a...> 
Date:  Wed Jun 12, 2002  3:45 pm
Subject:  Re: [FreePPC] Chris- Power Assist ??


Here's what the system looks like when it has tension on it. As you can
see, I've pulled about four feet of bungee cord out through the snubber.
Rather than let the cord hang below the plane, I've simply velcroed the
blue plastic handle to the top of my CG bar.

Chris Wolf
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On Wed, 12 Jun 2002 21:26:06 -0000, Cliff B. wrote:

>Chris:
>
>Excellent!
>
>Questions, Row 2...

If I missed any question in Row 1, please ask again.

>1. The Bungee cord- any suggested size and are there different 
>qualities of cord?

Yes there are. I tried shock card, and it wasn't strong enough. Then I
tried 3/8" bungee cord from the local hardware store, and it was better,
but still too weak. Then I tried some 3/8" bungee cord from West Marine,
and it was just right. The cord is sold as 3/8", but it measures about
1/32" inch smaller than that. (www.westmarine.com)

The elasticity of the cord is fairly critical. The idea is to put a fair
amount of stretch in the cord, so that when the steering bar moves forward,
the total stretch in the cord doesn't change all that much. This permits
the pull of the bungee to remain fairly constant, even though the bar is
being moved forward. If you used a very strong bungee cord, it would only
be stretched a little, and pushing the steering bar forward would quickly
reduce the cord tension to zero, and the bar would get hard to push. By
contrast, if the stretch is too much, you'll have to pull a lot of cord
through the snubber in order to get the necessary pull.

I was lucky, in that I found the perfect strength cord after only two
tries. I just checked the West Marine web site, and they're still selling
the cord. Even the color pattern is the same as mine. It's called "White
Shock Cord," and the West Marine part number is 126862 It's listed as 3/8"
cord, and is manufactured by National Cord. This is where I would start.

>2. Any supply source suggestions for either the bungee cord or the 
>snubbers?

West Marine for everything! Snubbers, cord, and pulleys. Snubbers come in
many styles and sizes. I picked the one I did, because I like the built-in
guide ring that guides the cord right into the jaws of the cleats. Go out
to the West Marine web site and take a look at their selection. If you
like mine, I'm sure it's still available.

>I think this will make life a LOT easier! Since I don't use my feet 
>(did I mention that?- Paraplegic) I'm pulling pretty hard on the 
>steering lines sometimes to get the action I want, THEN I'm trying to 
>adjust the throttle, THEN I'm adjusting the nose wheel, THEN I'm 
>scratching my you know what- bottom line: I'm a busy camper.....;-)

Hmm. So you work the steering lines by hand. I don't see why my system
wouldn't work just as well for you as it does for me. Pull is pull.

I think it's REALLY cool that you've learned to fly a PPC.
Congratulations!

>Thanks again for all your help!

My pleasure. If you any more questions about fabricating, or sizes, or
parts, please don't hesitate to ask. I'm delighted to be of help. Good
luck!

Chris Wolf

>Chris:
>
>Believe it or not, I think you've answered all my questions! I 
>sincerely appreciate it!

You're very welcome. I wanted to mention the parts numbers on my snubber
and line guide. The "snubber" is a Ronstan Swivel Base with Medium
C-Cleat, #RF58. I didn't need the swivel base, so I removed it before
mounting it. The "line guide" is a Holt Allen Fairlead, #382. The pulleys
on the mast are made by Harken, and don't have a part number, but they're
normally bought for the diameter of line they can handle. Just make sure
they're big enough to handle 3/8" diameter line.

You may balk a bit at the prices for this marine-grade hardware, but it is
top-notch quality, and worth every penny!

>I'm headed out the door now to go out to the shop and do some 
>measuring and figuring. I'll drop you a photo of how the PPC is 
>rigged now- I already have pulleys mounted on the ends of a piece of 
>tubing I mounted for foot rests, so I'm already part way there.

Excellent! The whole system is actually quite easy to fabricate. The
hardest part was sawing the notch in that steel strap! Of course your
machine may require a slightly different installation.

Incidently, there's nothing sacred about the way I did it. It was mostly
trial and error, until I ended up with something that worked. So don't be
afraid to be creative.

>I'm going to go scratch my head and stare for a while, so I'll drop 
>you a line with more info later.

That's the best way to start any project. Pull up stool and stare at it
for awhile until you suddenly know just how to do it.

>Have a Great Day- I know I will!

I sure hope it proves helpful to you, Cliff. Nothing would please me more.
Keep us posted!

Chris Wolf
