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CHARRING OF WOOD PROPELLER HUB SPACERS By W. S. Evans (EAA 18974) P. O. Box 744 La Jolla, California 92037 SUBJECT:



A significant number of cases have been reported dealing with spacer block separation and charring at the glue line on the back of VW propellers. The author has examined three examples of such failure and has personally experienced this phenomena in flight on two occasions



where the smell of wood smoke provided a sufficiently early warning of trouble. SUMMARY:



This study indicates that the cause of the problem is simple cleavage where the blade works in bending across the spacer block (Fig. 1). Ultimately the glue line fails and the continued working of the wood surfaces causes charring and eventual loosening of the bolts (Figs. 2 and 3). The study also shows that stress risers and cracks will ultimately propagate into adjoining laminates where they



work in bending over a laminate splice in the propeller (Fig. 4). It is concluded that in the common 3-laminate



propeller, all laminations should be continuous from tip to tip, and that wood spacers should not be used on these propellers. Some other means of providing engine/blade clearance should be used such as redesign of the engine hub (Fig. 5), or retrofit of an aluminum spacer to the engine hub (Fig. 6). DETAILED DISCUSSION FAILURE MODE:



The propeller blade is subjected to a number of loads, but primarily tension and bending. Tension from the centripetal forces due to prop rpm, and bending from the thrust forces which have their resultant at approximately



the 3/4 radius point (Fig. 1). Both of these are symmetrical loads with one blade theoretically balancing out the other, but in addition there is an unsymmetrical bending load from maneuver induced gyrosopic forces. Finally, there are the dynamic unbalance, vibration, and buffeting loads acting on top of the bending loads, which defy simple analysis, but can be seen when a rotating propeller is viewed in the plane of rotation. Regardless of how well a propeller tracks statically, one can always see the blade tip vibrate and buffet under run-up and load. These buffeting and unsymmetrical bending stresses can only be reacted in the engine hub through the wooden spacer, and the abrupt change in section at the edge of this spacer is a perfect arrangement for a stress riser and cleavage at the glue joint. It is interesting to note in both of the examples shown, that separation and charring occurred initially only 34 JUNE 1975



FIG. NO. 3



If the glue joint of the spacer/propeller interface is a



poor one, for any number of reasons, then separation can



occur in a very few hours (one of the examples failed in 6). On the other hand a good glue joint may last for a considerable time. It is also a function of engine size and power. The author's direct knowledge and experience with the problem has been limited to the 2100 and 1800cc engines. Though we have no knowledge of such failure on the smaller engines, the possibility cannot be ruled out. At any rate, the number of failures reported indicates with-



out question the presence of a failure mode which should be eliminated. Obviously the wood spacer is not a good way to provide engine/prop clearance and some alternate means is needed. FIG. NO. 4
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bolts in bending (Fig. 5).
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3. A redesign of new engine hubs, where required, to



locate the flange face approximately 1/2" forward of the
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2. Retro-fit existing engine hubs with a 1/2" aluminum spacer securely fixed to the engine hub. A loose spacer should not be used since this would put the prop
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1. Removal of the wooden spacer from the propeller



and the use of a 9/16" deep center register bore (Fig. 7).
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The following corrective action offers, as a side benefit, the simplification of propeller manufacture:
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CORRECTIVE ACTION:
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normal location. Limit center register boss height to 1/2" (Fig. 5). It should be noted here that the moment and loads



of the hub to crankshaft interface are a function of the ,ALUM SPACER



distance to the centerline of the prop plane, and are not



changed whether the distance is obtained by spacer or length of hub.



4. The use of spliced laminates in two-bladed propellers should be avoided.
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STANDARDIZATION:



Perhaps the office of the Designee Chairman, Tony Bingelis, might be used by the propeller and engine manufacturers in arriving at some agreed upon EAA standard for the propeller/engine hub interface. In this regard, due consideration should be given to the aeronautical standard



specification (SAE 127A No. 1), and also to the Rollison type hub that eliminates the center register boss and instead uses shoulder bushings pressed in from the back side of the bolt holes (Fig. 8). In the latter approach, less material and machining is required in the hub, and the FIG. NO. 8 f_
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it is easier to remove. Others favor the non-tapered shrink
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fit because it eliminates crankshaft machining. Also, any
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bolts take only tension since all torsional loads are taken by the shoulder bushings in shear. The hub bore can either be tapered or non-tapered. Some prefer the taper because



PROP HUB slight axial movement due to a loose shaft bolt means a
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FIG. NO. 7



on one half of the hub and at 90 degrees to the propeller



blade axis while the other half of the glue line was still intact. This would seem to indicate no shearing motion of the hub though shearing stresses might well be involved in combination with the other stresses. It would also be the logical result of gyroscopic precession due to blade bending. (A rotating mass will tilt 90 degrees to the direction of the force applied.) Speculation regarding loose mounting bolts can be ruled out in the two examples shown, since in neither case were the bolts loose, the last having been checked for tightness just one hour prior to failure.



loose hub if tapered, but does not effect the shrink fit. Installation of the latter is accomplished by heating the hub in an oil bath at 300 degrees F. Whatever approach is used, standardization of the propeller/engine hub interface would benefit all concerned.



(Editor's Note - We checked with Designee Co-Chair-



man, Tony Bingelis, and he has this to say: ". . . 01' Tony is very eager to get comments from . . . the builders and flyers using VW mills . . . from the Designees . . . from the prop makers and anyone else who has been flying behind a VW with a wood prop. I would welcome all theories, suggestions and advice from our builder-flyers worldwide. With their input I will try to evaluate and consolidate the information received. Then we will know if the problem is peculiar to the high horsepower engines only. If we're lucky we may even come up with a simple cure before the problem becomes critical."
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