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Landing Gears: Toe In or Toe Out?

closer together in the front than at the rear when we look down upon a pair of wheels. If unrestrained by axles, the wheels would move closer together as they. 
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Landing Gears: Toe In Or Toe Out? By Marvin V. Hoppenworth, EAA 2519 P. 0. Box 824, Cedar Rapids, Iowa



OEVERAL TIMES when landing gears for small, amateurO built aircraft were being welded up, fellows who gathered to watch the fun have come out with this question: "In welding up the landing gear for a conventional aircraft, should the wheels be given toe-in or toe-out? Automobiles have toe-in, so why not airplanes?" Every time I heard it, I felt chills run up and down my spine—it was that hard to imagine a cute little airplane with toe-in deliberately built into its undercarriage! But, odd questions have a way of leading to interesting and profitable avenues of thought. If you will bear with me, and try to follow my reasoning, I will here-



FIG. 1 with attempt to show that while toe-in definitely should not be used, there is, in fact, a case for the use of toe-out. It is assumed that everyone understands what toe-in and toe-out means, but, to be sure we're all speaking the same language, toe-in means that the center points of the wheels — or more properly, of the tire treads — are closer together in the front than at the rear when we look down upon a pair of wheels. If unrestrained by axles, the wheels would move closer together as they moved forward. Toe-out, of course, is the exact opposite. My first experience with toe-out was while tinkering with model airplanes. After a nice flight, it was disillusioning to see my rubber-powered models complete their landings with ground loops. I built a small scale model for the purpose of experimenting with landing roll control and from it I found that, when the wheels were given about five degrees of toe-out, the landings were straight and happily realistic. 24
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Later models provided yet another lesson. A friend was entered in a flying model event called "Clipper Cargo," in which the model is given the greatest possible load and is allowed to take off with the timer set for a 15-second motor run. The object was to try to make the model remain aloft for 40 seconds. Under the rules, the take-off run could last as much as six or eight seconds. In that amount of time we found a model could wander off into a take-off ground loop. Seeking to help my friend overcome this problem, I told him about my experience with toe-out. He tried it — and came back from the next contest carrying the trophy for First Place.



FIG. 2 Somewhat unintentionally, I next had experience with toe-in on an actual aircraft. A J-3 "Cub" had been used for a season of rough ski flying, and that had evidently bent both axles so they had toe-in. When the wheels were put back on in the spring, this reputedly docile little airplane acted more like the proverbial "cat on a hot tin roof." Upon landing, it sort of skipped from one wheel to the other on its way down the runway. If the same axle bending had happened on a bigger and faster plane, the resultant ground looping tendency would have been terrific, and I don't know if anyone could have made corrections fast enough to avoid rolling the wings up. In short, these experiences taught me that toe-in can cause marked instability, and that toe-out can, when wisely used, add to stability. I can explain it best with diagrams. In Figs. 1, 2 and 3 are shown typical small biplanes of the kind known to be a little hot to handle on



landings. I would point out, first of all, that when an airplane turns or swerves on its landing run, the tire and shock absorber on the outside of the turn compress and the plane leans to that side. This is because, in the actual airplane, the center of gravity is an appreciable distance above the point of contact between wheels and runway. This, of course, puts a greater percentage of the plane's weight onto the outside wheel. In Fig. 1 the plane is rolling straight and there is equal weight and therefore equal friction on each tire. But as soon as there is a swerve, however slight it may be, the plane's momentum is great enough to work on the high CG and create a leaning force as indicated by the arrows on the CG marks in Figs. 2 and 3. Also note the plus and minus signs, denoting increase and decrease of tire-to-runway pressure. The wheel with the most weight on it must obviously have the most effect upon the direction in which the plane will go. With toe-out, Fig. 2, the airplane is caused to move in such a direction that the tendency is to minimize the centrifugal force applied to the CG by a swerve, and the reason is that the left hand wheel has the greater load and pulls away from the incipient swerve to the right. The



planes, even a fraction of a second leeway can make the difference between an uneventful landing and a severe ground loop. In the accompanying sketches, the amount of toe-out has been exaggerated for clarity. My suggestion for practical application of the toe-in, toe-out lessons imparted by this article is to check and double-check the completed, installed landing gear on your airplane to make sure there is no treacherous toe-in. It would do no harm to put in a little toe-out. About one or two degrees ought to represent a good compromise, for too much toe-out would, in spite of affording a very stable landing roll, introduce the disadvantages of excess tire wear and slight drag on the take-off run. If this piece saves just one amateur-built plane from grinding a wing upon landing, I will feel my effort has been justified! A



FIG-3 tendency for this layout is to pull the plane back to a straight, stable course. But when there is toe-in, Fig. 3, the effect of greater weight on the outboard wheel is to make the swerve become tighter. Even when there is no swerve, it is possible to touch down on one wheel first, rather than on both at the same instant. If the plane in Fig. 3 touched down on its left wheel first, that wheel would immediately impart a force tending to drift the ship to the right. The high CG would then go right to work to make the ship lean to the left, further increasing pressure on the left wheel. The forces triggered by landing on one wheel can amplify so quickly that it would be a lucky and highly skilled pilot that was able to stop it quickly enough to prevent a bad ground loop. With toe-out, corrective force for small tendencies to swerve are automatically fed into the force system as soon as they appear, and the corrective effort tends to amplify itself such as to give the pilot time to make appropriate control movements. In swift, jumpy little air-



3n jilemonam In the west, where aerial maps are solid brown, a story was closed upon EAA member Melvin G. Morrill (EAA 7649), a member of the Salt Lake City, Utah Chapter 23, who gave his life while searching a desolate area of Utah for a California pilot reported down.



Melvin was flying a CAP search plane, along with a companion from Bountiful, Utah, when they, too, became lost. They were unreported and not



found until a year later, last August, and everyone's belated fears were confirmed. They were flying in a most defying country, with its many crevasses and towering canyon walls. It requires considerable courage to fly into this kind of country.



The members of Chapter 23 will long remember



his generosity, and the fine association which they had with Melvin Morrill. Some months before his death, Melvin had donated to Chapter 23 his Taylorcraft L-2 which was in need of repair, and the aircraft was used as a Chapter project. Not only was Melvin's death a loss to Chapter 23, but to the entire EAA movement as well.
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simplicity. It consisted of a steel tube passed through the fuselage and held to it by shock cords wound around the lower longeron and the tube. Side loads as ...










 








From Head to Toe - IEN de MAURIAC 

clap my hands. thump my chest. arch my back. wriggle my hips. bend my knees. kick my legs. stomp my foot. wiggle my toe.










 








Identification and classification of toe-walkers based on ... - Eric Watelain 

double bump pattern, moving successively from a short-lived dorsiflexion to a .... barefoot and at their usual speed. ... patients and describe the method in detail.










 








Landing Gears for Light Aircraft - Size 

simplicity. It consisted of a steel tube passed through the fuselage and held to it by shock cords wound around the lower longeron and the tube. Side loads as ...










 








Landing Gears Having No Shock Absorbers 

frame is contoured to fit over the head rest. No. 2 was sold to Dick Andress ... The kinetic energy to be absorbed by the landing gear is therefore %mu2 where v ...










 








IN & OUT 

SJA 5436 137 - Burgundy. SJA 3935 137 - Amber. SJA 3728 137 - Paris Red. SJA 3767 137 - Kaki. SJA 3718 137 - Plum. SJA 3934 137 - Copper. SJA 3933 ...Termes manquants :










 








Worm Gears 

c = Ï€ m) where m = Module, and. D. W. = Pitch circle diameter of worm. The lead angle ..... Calculate : 1. tangential force acting on the worm ; 2. axial thrust and.










 








what's in a landing gear? 

Sep 24, 1971 - He spotted a "Kingfisher" which had capsized while trying to effect a rescue. Burns landed and picked up the two pilots and a crewman, then ...










 








Gravitylight Gears interne Remplacement 

Alors, comment faire pour supprimer et remplacer les engrenages internes. RÃ©digÃ© par: Michallynn Hoffman. Gravitylight Gears interne Remplacement.










 








Grass Landing 

United States. Although most grass fields are privately owned and do not need to meet FAA require- ments, they are likely better emergency options than an unfa ...










 








starting out in - Ramon Millan 

1. FRENCH. STARTING OUT IN. Welcome to Living Language's Starting Out In French, an .... Now let's bring it all together, and add a little bit more vocabulary and structure. ...... Would you like to go to the movies with me Saturday night?










 








Shimmy in Aircraft Landing Gear - Mathematics in Industry 

Specifically, Airbus wish to identify key system elements that may cause .... Some of the forms used to model measured data on these relationships are .... can seek small periodic solutions by the method of harmonic balance, and it is known.
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Godfrey Landing 

ffa tt. L o n g v ie w. B ra d le y. 5. 6. Highway 160. N o rth. Cam p. UV52. UV172. UV160. UV133. UV169. UV169. UV52. Â£Â¤425. Godfrey Landing www.forestryrealestate.com. Phone: 1-888-695-8733. This map and all information it contains is provided â€










 








Compression-Only CPR or Standard CPR in Out-of-Hospital Cardiac 

Aug 6, 2010 - From the Department of Clinical Science and Education (L.S. ..... Enrollment began in February 2005 and ended in. January 2009, at which ...










 








14 Landing 

In order to stay on the 3 degree glideslope, you must descend at two thirds of the rate. This is why you had to add power. Figure 12.10: Approach Without Wind ...
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This particular La Defense Europeenne Revisitee Le Royaumeuni Et Leurope In Or Out Politique Etrangere PDF start with Introduction, Brief Session till the Index/Glossary page, look at the table of content for additional information, when presented. I










 








Pessoa (1998) Finding out about filling-in 

words, contours are formed in regions that are not visible. Although many ...... single level of the neural representation system is incapable of sat- isfying both ...










 








Pessoa (1998) Finding out about filling-in 

sell (1995) of the neural correlates of inferred motion in monkey posterior parietal ..... with obvious advantages to survival in the jungle, on the stock mar- ket, and ...










 








Landing gear shimmy 

the limit cycle (VIDEO). U oue. WWMWWMWWWWWW. WWWWWW. SA. Bi p ni .... avoid the problem, the system is subjected to an impulsive force (500 N) 2 ...










 








Landing gear design.pdf 

HISTORICAL SURVEY of early aircraft designs ... Landing gear design is a prime example. ... must be some positive clearance between the propeller.










 








Takeoff and Landing - dept.aoe.vt.edu 

generally calculated for maximum weight in a standard atmosphere. In addition ... In order to calculate the ground roll, we need to write the equations of motion for the .... In addition, the boundary conditions on the landing run are different. 1.










 








gears of war 2 game guide pdf 

gears of war 2 game guide are a good way to achieve details about operating certainproducts. Many products that you buy can be obtained using instruction ...










 








Takeoff and Landing - dept.aoe.vt.edu 

At this stage of the development, we will assume how the thrust varies with airspeed. .... considering two options available to the pilot if an engine fails. One is to ...
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