Rudder tube & bearing replacement for Frers 33 Whirlaway: Jan – June 1995
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1. Rudder removal:

1.1. Remove bearing assembly above deck at cockpit sole


1.1.1. Support rudder at bottom with hydraulic jack to unload deck bearing

1.2. Loosen rudder cables; remove quadrant from rudder stock (Whirlaway has wheel steering; note that this is accommodated throughout)
1.3. Lift boat with Travelift and lower rudder through bottom of boat
1.3.1. Alternatively, dig a hole to allow room for rudder stock to clear boat bottom upon removal
2. Rudder tube removal:
2.1. Tube has upper (deck mounted) and lower (hull mounted) portions; quadrant mounts to rudder stock between the two
2.2. Fabricate a tube plug to use as centering jig for (4.00”) holesaw pilot bit

2.2.1. IMPORTANT!! Identify the center of the existing tube PRECISELY; error in this step will impact the ability of the rudder to swing through a complete arc when reinstalled.  I used 6/4” oak stock cut into a circular plug using a band saw – the fit must be TIGHT, and the center of the circle marked PRECISELY
2.3. Remove upper tube using a holesaw by drilling through cockpit sole, use the fabricated plug as a centering jig
2.4. Partially remove lower tube using a holesaw by drilling through hull bottom, again using the plug as a centering jig
2.5. Complete removal of lower tube using Sawzall to part aft inside vertical rudder tube support as closely as possible to rudder tube
3. Install new OVERSIZE rudder tube:
3.1. Dry fit single (4.00” OD x 3.75” ID x 2.5’ length) prefabricated FRP tube into rudder tube opening, then cut tube to exact length (Vernay Tube; $40; Tides Marine, Inc., 3251A SW 13th Ave, Deerfield Beach, FL  33442, 305-420-0949).
3.1.1. Fabricate thin spacer from inert structural material to fill gap between vertical support and new FRP tube; bond to support using West System epoxy.

3.2. Abrade inner hull surfaces and vertical lower tube support 6” around tube using 80 grit disk

3.3. Similarly abrade outer surface of FRP tube 4” from top and 12” from bottom
3.3.1. Avoid removing too much material to assure a tight fit

3.4. Clean abraded surfaces with soap and water, wipe with acetone
3.5. Install FRP tube into hull and deck using epoxy; use thickened epoxy to fillet tube ends and vertical support abutment
4. Reinforce new rudder tube installation with fiberglass and epoxy: (steps 4.1 and 4.2 introduce structural support not present in the original design and are thus optional)
4.1. Fabricate triangular structural support fins from inert material to reinforce tube joints at cockpit sole and hull: 4 at top with 90 degree spacing, 3 at bottom (1 forward and 2 athwartships)
4.2. Install support fins with thickened epoxy fillets

4.3. Apply fiberglass & epoxy reinforcement to top and bottom joints as follows:

4.3.1. Pre cut alternate layers of fiberglass matt and roving such that initial layers are smallest in area, applied directly over joint fillets and successive layers are progressively larger in area; each layer thus bonding to a new portion of abraded inner surface
4.3.2 Hand layup 12 layers in 3 sessions, using small knurled rollers and hand compression to remove bubbles and excess resin

4.3.3. Between sessions: wash epoxy surfaces with soap and water, abrade with 80 grit, wipe with acetone

4.4. Cut out central portion of new FRP tube with Sawzall (wheel steered boats) to allow installation of quadrant on rudder stock; file tube edges smooth.  Leave at least 5.0” and 10.0” of the upper and lower tube portions, respectively, in the boat
5. Design and fabricate sleeves (new bearing surfaces) for rudder stock:

5.1. Bearings and bearing sleeves designed to maximize vertical bearing surfaces: 5.00” upper and 8.00” lower vertical bearing dimensions

5.2. Sleeves for rudder stock fabricated from aluminum alloy (6061-T6511, also known as “T6”) tube stock (3.00” OD x 0.25” wall x 3.0’ length; $41; The Dillsburg Aeroplane Works, 114 Sawmill Rd, Dillsburg, Pa  17019, 717-432-4589; alternatively from: Metal Supply Co., Philadelphia, PA 19124, 215-427-0100); NOTES: Check these sources first!  Also: other common aluminum alloys may be inappropriate for salt water use!
5.3. Tube stock to be machined for EXTREMELY tight fit over rudder stock
5.3.1. Goal: to obtain mechanical bonding without fasteners by requiring cold contraction of stock and hot expansion of sleeves to allow fit
5.3.2. Secondary bonding of sleeves to stock with West System epoxy
5.4. Take multiple measurements of rudder stock diameter: orthogonal measurements at 1.00” intervals over entire rudder stock length

5.4.1. Use the same micrometer for rudder stock measurements and during machining of sleeve ID!

5.4.2. Machine sleeve IDS 1.5 to 3.0/1000ths of an inch SMALLER than the largest diameter of rudder stock.
5.5. Sleeve OD machined to 2.994”
5.6. Sleeve outer surfaces hard anodized
6. Design and fabricate new upper and lower rudder bearings
6.1. Bearing fabrication AFTER sleeve fabrication; send completed sleeves to bearing manufacturer to use as templates during fabrication (Tides Marine, Inc.)

6.2. Bearings fabricated from UHMW (ultra high molecular weight) polyethylene plastic: 2.998 – 3.003” ID x 5.00” length (upper), 8.00” length (lower), x 3.75” OD, $290 for both)
6.3. Outer surfaces of bearings machined with several (0.125” deep) square channels in orthogonal directions to provide “locking” for 3M 5200 sealant used for installation of bearings into rudder tube

7. Install sleeves onto rudderstock:
7.1. Check sleeves and bearings for fit PRIOR to installation (see NOTES below)
7.2. Acid etch rudder to accept West System epoxy per manufacturers instructions
7.3. Cool rudder stock 30 minutes in dry ice pellets

7.4. Heat sleeves in boiling water for same 30 minutes

7.5. Remove condensation from cold rudder stock with acetone, immediately apply epoxy to cold rudder stock

7.6. Immediately dry hot sleeves, wipe with acetone, and slip quickly into premarked positions on rudderstock (CAUTION: this step is not easily undone!!)
8. Install bearings into rudder tube:
8.1. Coat outer surface of bearings with 3M 5200, filling machined channels
8.2. Slide bearings into premarked positions in rudder tube and secure in place with duct tape

9. Install rudder:
9.1. Inspect bearing installation for complete sealant cure

9.2. Lift boat with Travelift to allow insertion of rudder (with a hydraulic jack) from under hull: 
9.2.1. CAUTION: skilled Travelift operator required!!  Our operator could set a golf ball on a tee with his 55 ton lift, so we felt OK
9.2.2. Alternatively, dig a hole in the ground under the rudder to allow installation

9.3. Install bearing assembly into top of rudder stock above cockpit sole

9.4. Check rudder for ability to swing through full steering arc; check rudder at bottom for any side-to-side play
9.5. If satisfactory, install rudder quadrant and steering cable assembly

ADDITIONAL NOTES:
Four years after production the rudder displayed about 4 inches of side-to-side play measured at the bottom, which I considered unsafe and in need of repair.  The information here represents an outline, not a comprehensive description, of the repair I performed.  I have re-read it carefully, but please understand that it is offered as a guideline to others planning a similar repair; I do not accept any liability for repairs made by others.  Design considerations have been omitted for brevity.  I am happy to discuss my rationale for any particular step and provide more details elsewhere.
Carroll Marine suggested I sleeve the rudder stock with schedule 40 steel pipe; this strategy avoided fitting an oversize replacement rudder tube as I have outlined here.  However, the bearing used in Carroll Marine’s strategy would be very thin.  Thin (or non-existent) bearings contributed to the original problem, so for this and other reasons I went with an oversized tube and thicker bearing.  I also considered complex bearings (such as those sold by Harken) and obviously decided against them.  I am happy to discuss the merits of each bearing type elsewhere.
The sleeves and bearings should be checked carefully for fit BEFORE installation: they should fit so tightly that increased air pressure can be felt when sliding one inside the other.  ANY SIGN of play at this step indicates that FAR MORE PLAY will be observed at the bottom of the rudder after installation.  Water absorption by this UHMW plastic is almost zero, so there should be no concern for expansion and binding with continuous immersion.  The people at Tides Marine were helpful throughout the project and I think highly of their products and services.
Similarly, The Dillsburg Aeroplane Works is a small company but a real asset for knowledgeable advice and hi-tech alloy stock in small (“mill end”) quantities that larger companies simply will not sell.  This is well-known to aviation enthusiasts but can be valuable to sailors as well.

Boats with tiller steering can obviously omit steps designed to accommodate the quadrant steering system, leaving the new rudder tube as a single watertight unit.
A local machinist should be sought for fabrication of the rudder stock sleeves; the machinist that did the work for me is no longer available.  Many local shops that do electroplating will also anodize aluminum at reasonable rates.

The project took six months of weekends from conception to completion, with much of that time given to design, strategy, sourcing materials and slow, careful installation.  Miscellaneous costs not listed here were minimal.  Actual execution time may have amounted to fewer than 8 weekends, and could be done professionally in far less time, I suspect.  Each time the boat is hauled I check the rudder for play; as of last week (12/03/02) play was not detectable, and steering performance is impressive.
