Workbench Class 2004

Part 1 – Design criteria, Alternatives, Materials, Cost considerations

History – Ed Perkerson
Purpose – Mike Maples
Design criteria

· Does the bench need to accommodate storage?

· Does the bench need to have power outlets?

· Place a hook under the bench to hold a looped extension cord

· Mount an outlet strip on the underside of the bench or inside one leg (keep dust off)
· Will the bench be moved frequently or not?  Ways to move a bench:
· Install wheels

· Raise the bench and use dollies, hand trucks
· Scoot the bench on the floor and/or use neighbors or friends
· How does bench top height compare with other shop tools?

· What restrictions are there in your shop regarding layout and existing / planned tools?

· What type of work will you be doing on the bench?

· Your height may play a role.

· Will you be sitting or standing?

· What projects will the bench simplify?

· Furniture builders – assembly, machining, finishing

· Small project builders – sanding, assembly, sitting versus standing

Alternatives

· In addition to homemade and commercial benches there are:
· Discarded kitchen cabinets and countertops

· Old solid wood doors (faced with MDF or similar surface)

· Plywood and saw horses

· Railroad boxcar flooring

· Non-benches – Tooldocks, etc.
Build versus Buy

· Cost (comparison of bench prices): 

· GWA workbenches (pine) $280 est. , (fir) $575 est. (36”h x 30”w x 96”l) est. 220lbs

· Woodcraft laminated bench top 2 ¼” x 30” x 60” $300.00

· Rockler – Sjoberg – 61” bench $400.00 for top and trestle (35”h x 20”w x 61”l)

· Rockler – Hardware kit and plan - $241 ($463 with twin screw vise)

· Rockler – Bench dogs - $3.99 /4 plastic, $18 /2 metal round, $22 /2 metal square

· American Woodworker Dream Bench (Jan 2004) $899.25 (36”h x 36”w x72”l)

· Woodcraft Sjoberg Ultimate Bench $2000.00 (34”h x 23.5”w x 93”l) approx. 370lbs

· Special needs – Relates to purpose, if you need something special you may have to build it

· Experience (I’m a woodworker - I should be able to do this!)

· Perfection (Cannot find what I need in a bench.)

· Finishes

Cost considerations

· Strength and size

· Design

· Accessories

Part 2 – Construction
Team Members – John Greindl, Jim Myrick, Ed Perkerson, Ben Kelson, Mike Maples, Victor Jones

With Significant Help From Tommy Roland

Safety - All operators and spectators should be wearing eye and hearing protection as well as an appropriate dust mask or similar breathing filter.
· Table Saw – Saw guards are sometimes difficult to use with dado blades so they sometimes are removed in these instances.  Great care must be taken to keep fingers and hands away from the blade.  Also, great care must be taken to reduce the chances of kickback that could be caused by warped or shifting material.  

· Planer – Despite hoods and other installed safety gear it is possible for planers to violently eject small to medium sized fragments.  Also, where available, overload levels should be set to protect the machinery in the event of any sort of overload.  This protects the operator as well as the machine.

· Jointer – Always use an appropriate form of push stick to feed lumber through the jointer.  This keeps your fingers and hands away from the cutters.  In the even of a kickback they could limit or eliminate serious injury.

· Router – Always insure the router bit is clear of all materials during startup and shutdown.  Use fences and limit blocks wherever possible to safeguard against contacting non-project materials with the router or bit.

· Drill Press – Long material such as 8’ 2x4s cantilevered to one side of a table can flip unexpectedly.  This could cause direct injury  if your hand or arm engages the drill bit or other harm if loose clothing gets tangled up with the rotating parts.  Be careful of exposed belts and pulleys.
· Sander – Hand sanders are not frequent sources of serious injury, but can cause bad abrasions and irritating dust that could get in your eyes or lungs.
· Clamps – Pipe clamps are the frequent source of pinching and mashed fingers.  Take the time to pre-adjust your clamps BEFORE glue is applied to the work piece.
· Power cords – Make sure all power connections are secure.  A loose connection can cause excessive heat which could result in fire or burns.

Selection of materials – top, base, shelf

· We decided to make the benches out of pine because it would be adequate for a simple bench, cheaper than most other materials and readily available to most people.  The downside to pine is that many 2x4 boards contain some or a lot of pith.  This can cause significant warping as the lumber dries.  
· We decided on the second bench to use fir instead because it would normally have straighter grain and fewer knots.  We were correct, but the price of 2x4 fir was very high – so high that it might have been cheaper in hindsight to use maple or even purpleheart (as was pointed out by Mike Maples).  
· An 8’ 2x4 is approximately 3.5 board feet.  At $2.90 to $4.50 each that would be $0.83 to $1.29 per board foot.  At 10.93 each the fir 2x4s were $3.12 per board foot.  Purpleheart can be found on occasion for as little as $2.65 per board foot (4/4). 
Selection of fasteners

· We decided to use lag bolts (1/4” x 3”) to assemble the stretchers since there is not much torsion on these assemblies. 

· The leg assemblies are completely glued so there are no fasteners.  However, using dowels to pin the cross braces into the legs would provide some additional strength.  Such pins would mostly be helpful if lag bolts are used to mount the stretchers to the legs.

· The stretchers are intended to be removable from the legs in order to transport the workbench.  Considering that these might be removed and installed multiple times a bolt / nut option would be more reliable over time and would eliminate the risk of stripping lags from repeated use.

· The top and bottom shelf are screwed to the respective stretcher using four lag bolts (1/4” x 5”) inserted through slotted holes drilled in the outer two stretcher cross braces.  The slots allow the bolts to move as the top expands and contracts over time with temperature and humidity.

Grain orientation (Legs, top, shelf, rails, braces) 
· Wood moves with temperature and humidity.  When gluing two or more pieces of wood together you must anticipate wood movement.  Moving wood can exert very large forces.

· Glue pairs of 2x4’s together with the concave rings facing each other.

· When gluing more than 2 2x4s together, alternate the grain in each piece.

Marking and referencing for cuts and dados
· Set up a template for the leg cross brace mortises with marks for both edges of each dado.  Your template should be from 1/4” or more thick to minimize tear out on the leg halves.
· Place blue tape on your saw table that mark the left and right edges of your dado blade (your dado blade can be whatever width you want – it could be just your normal saw blade if you don’t have a dado blade)

· Use double-sided tape or otherwise temporarily tape the template to each leg half in turn and cut the dados.
· Leg cross brace dado depth should be set to 1/2 the thickness of your cross braces.

· Make a similar template for the top leg dado for the stretcher.  It is a good idea to clamp two mating leg halves together with the outside faces on the inside to limit tear out.

· The dado for the lower stretcher can use the existing cross brace dados for alignment on the saw since the two dados should be lined up perfectly.

· Leg dado depth for the stretcher rails should be 1/2 the thickness of your stretcher rail

· Make a similar template for the stretcher rail dados for the cross braces

· Stretcher rail dados for the cross braces should be 1/4” deep

Assembly of legs and stretchers

· Build the stretchers first.  They are the simplest to build and adjustments can be made in the leg assemblies during glue-up to accommodate slight variations in measurements.

· Because the lower shelf and bench top hold everything square the stretchers don’t need to be glued

· Be sure to apply glue to ALL mating surfaces including mortises and tenons

· Have plenty of screw-type clamps on hand and clamp the legs in both directions

· Measure the spacing between the legs BEFORE the glue dries and set it to match the already completed stretchers

· Make sure the legs are square to the floor (or your assembly table in both directions)

· Make sure the legs are parallel to each other in two dimensions

Pre-drilling holes

· Pre-drill holes for lag screws to avoid splitting

· Holes for bolts that mount the bench top and bottom shelf to the stretchers should be elongated to accommodate 1/8” to 1/4” of wood movement.

Gluing and clamping – how many clamps, keeping it flat, glue curing time

· Assume that all glue joints should cure overnight before further machining or finishing is attempted. Because of the weight in some of the laminated assemblies, trying to work with a newly glued piece may result in failure of the glue joint and possible personal injury.

· Always assemble your clamps, cauls, wax paper, plastic, framing square (to check alignment) and other tools prior to applying any glue.
· Don’t run out of clamps.  Always only glue up as much work as you have clamps available to securely clamp the workpiece.

· Hand ‘grip-type’ clamps such as Quick-grip do not provide enough clamping pressure.  Be sure to use pipe clamps or other screw-type clamps (e.g. Bessey K-Body) and clamp the laminations as tight as you can by hand.

Gluing versus threaded rod

· Our first workbench top is assembled with only glue.  This is the simplest approach and with appropriate glue the resulting laminated top should be extremely sturdy over time.

· Our second workbench top uses threaded rods for alignment and strength.  In addition all the laminations are glued, but this is a choice for each workbench.  Threaded rod alone will hold the laminations together, but over time changes in temperature and humidity might require tightening of the nuts on the rods.  Also, with just the threaded rods the top will not be nearly as rigid as if it were glued.

Planing large, heavy sections

· Be sure you have a solid, steady work surface (like a really good workbench)

· Remove warping from large sections before running it through the planer or …

· Use a sturdy planer sled and shim the piece to evenly remove the warped area on both ends (as appropriate)

· Make sure you have sufficient people or roller stands on the infeed and outfeed to hold the load.

· Make sure any infeed and outfeed rollers are even with or very slightly above the planer table (make sure they are not below to limit snipe or catches)

· You can use a router jig to plane large sections. It takes more time and requires at least a pair of straight edges six inches longer than your work piece, but produces a very good finish if you take your time.

Cutting dados in the bottom of the bench top and bottom shelf to align with the raised cross braces on the stretchers

· Set the bench top or bottom shelf on a solid flat surface with the bottom face up

· Place the appropriate stretcher upside down on top of the bottom face

· Center the stretcher assembly by length and width

· Trace the sides of the two outside stretcher braces on the bottom face

· Mark the ends of the dados by measuring the length of the cross brace (25.5”) and marking the dado

· Place a straight edge on either side of the marked lines spaces out a distance equal to the distance from your router bit to the outside edge of your router.  Be sure to measure the distance on both ends and double check the measurements several times.

· Cut the dado with your router using several light passes

Vise considerations – placement, jaw size, maximum jaw opening, bench dog holes – (Part 3)
Wheels – More on this in the accessories section (Part 3)
Part 3 – Accessories, Presentation of benches to the club

Recap of decisions and selections

Accessories and options

Tool trays

Hold downs

Varieties of bench dogs

Bench top clamping options

Vise options

Cabinetry solutions

Power options

Lighting considerations

Sacrificial tops and other ideas for keeping the top in good shape
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