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Be sure to ask the students twice as many questions as they ask you. This helps keeps them engaged after a long day at work, requires them to think more, informs you what they know, and keeps the focus off of the instructor. Two important questions in almost any situation are: Why? And what would happen if we...?
Emphasize a hands-on approach and time to learn through practice during the latter 2/3rds of each class –it is imperative that the instructors be both thorough and concise during the instruction period in order to allow students the opportunity to practice these new skills during class time and hopefully complete the work.

Be sure that the student is talked through the process if they have questions, rather than shown how to do it. As an instructor, resist the urge to just to do the work yourself (i.e. “show” the student how to do it) as this creates a passive learning environment. Instead, talk the student through the process (even though it may feel slower and more trying), as it will keep them actively involved and helps prevent the dreaded “Brain Shut-off”.

In each class, focus on what can go wrong, why and how to fix it, as opposed to overhauling bearing assemblies just for the heck of it. Good way to do this is by asking students what kinds of problems have they had with, say, their brakes? 

Explain the concept of trouble-shooting. Process of elimination of problems.

Each week, try to work in some aspects of bicycle safety  - i.e. riding with loose handlebars will surely cause you all sorts of problems, or at least we can imagine.

How to keep your bike - How to lock, what type of lock; think like a thief? could be tricky...; how not to get your bike taken; camouflaging a flashy bike; looks vs. quality
WEEK ONE: INTRODUCTION  - RULES, TOOLS, TUBES
Objective:  

To introduce students and staff to one another. Students will talk about  what Bike Works is, why we’re here, revisit our shop rules and procedures; be re-introduced to tools; their uses; talk about bike safety and tool safety; and review the steps of the overhaul.

Safety Points: 

General bike safety - bike maintenance/Safety checks/ Tool safety.

Materials: 

Repair stands /bicycle part worksheets/bicycle type worksheets (on backside)/

magazines/pens/ mountain bikes /simple green/rags/ fix a flat buckets/repair tags.

	NOTE: Lots of material to cover; crucial to keep things moving along, especially when new students walk in late. Emphasize to parents & students during enrollment time that classes start at 6:30 sharp. Only the last 20 – 30 min. of this class is “hands-on,” so students must be kept engaged verbally.


Lesson:
· Introduce staff and students to one another. Give the students the opportunity to introduce themselves and give a brief explanation of why they’re taking the class, what kind of bikes they like, their bike repair experience, etc.
· Students are often shy at first, but may get into telling stories; this is good as an ice-breaker of sorts, but can quickly start taking up time.
· Introduce class to idea of mentoring others.  This class will give them new skills and they will be asked to think of themselves as leaders as they go through this program.
· Make sure that they know that our first goal is supporting them. Let them know that we won’t report anything without telling them first and that we will talk about it with the youth should something come up and that we will make a plan together. 
· Refresh the idea of the Shop Rules.  Have students read off the rules and discuss its’ importance for a minute or two. Let the students come up with ideas, then add whatever you think is necessary. 
· At this point the participants can be getting antsy, if so have them move around for the tour of our space.  Be sure to remind them about the sink for washing hands, the bathroom, where to hang their jackets and backpacks, etc.
· The final portion of the class needs to include the BYOB sessions, and an explanation of how this time works with regards to working on their own bikes, etc.
Objective: 

To know the parts of the wheel; to remove and install most wheels; to understand the various causes of flats in order to prevent them; to be able to repair a flat tire. 

Safety Point: 

Keepin’ those wheels on tight and air in them tires will make for safe riding!
Materials: 

Repair stands/13,14,15mm wrenches/12” adjustable wrench/ballpoint pens/sandpaper/vulcanizing fluid/bulk patches/rags/floor pumps/ holey tubes/ BMX bikes with flats & worn out tires and/or wheels.  

Lesson: 
· Most common type of repair? Flat tire. How come? Based on the students’ experience, discuss the different ways a tire can go flat. Include punctures, pinch flats, too little air, too much air, bike sittin’ in the garage for 6 months, cut valve stem, leaky/loose valve, broken rim strip, bald tire, worn-thru sidewall, burred rim, whatever else they can think of. For each cause, briefly go over how to prevent that type of flat, i.e. proper tire pressure (what’s PSI? why do different bikes take different PSI’s?), check tire for wear.... Prevention is key. 
· Have a bike with a front flat (and no brakes) in the stand. Demonstrate wheel removal. Be sure to show proper tool selection (i.e. no vise-grips or adjustable wrench unless necessary) and use.  Example:  there are three sizes of 15mm wrenches – the cone, pedal and combination – why in this case is the last wrench the best to use?  Show how starting the wrench at 9 o’clock provides the best leverage to loosen axle nuts. Also important to talk about clockwise and counter-clockwise at this point (to tighten and loosen bolts) – try to get them away from “lefty loosey, righty tighty” and explain why.  Explain the concept of washers (and/or flanged nuts), too. Good way to introduce dropouts is to catch the wheel when it drops out of the fork once the axle nuts are loose enough. Students should understand that it’s always important to hold on to whatever it is they are loosening.

	Note: When it comes to “nuts,” be sure to distinguish what kind of nut it is, whether axle nut, lock nut, adjustable nut, anchor nut, brazil nut, etc. This helps keep the giggles to a minimum, especially when instructing 10-13 year olds.


· After deflating the tire completely, show how to remove the tire, using the tire levers. Explain what the bead of the tire is and pass a tire around so they can feel it. It is easiest to remove a tire starting opposite the valve.
· Remove the tube, pump it up nice and plump and find & mark the hole; using a ballpoint pen, marking the hole with a big “X” makes it easy to find later. If the hole is difficult to find, look, listen and feel for it; still difficult? Use the water bucket.  Ask them why the water bucket works?  What is happening here? What could you use if you didn’t carry a bucket of water on every ride? In the woods? In rainy Seattle?
· Deflate the tube, scuff the area to be patched with sandpaper (why?) and lay a thin layer of glue in a circle around the hole. Stress that the glue must be spread thinly, evenly, and over an area larger than the patch; students can draw a circle around the hole when they make their “X’s” to make this easier. 
· Let the glue dry. Why?
· Peel the patch off the foil, lay it down over the glue, and make the patch one with the tube by rubbing over the cellophane, with a tire lever or wrench. Stress that the tube should be laying on a hard surface when doing this so that more pressure can be applied. Again, what could you use as a hard surface if you were out on a ride?  Have everyone guess how long the patch should be held on the tube before the next step (approx. 5 minutes). Remove cellophane by folding in half and peeling off from the inside out. This step seems purely aesthetic, from an inside-the-tire-perspective, so kids can skip it if they like; peeling the cellophane will often pull a poorly-glued patch off anyway. 
· Inflate the tube gently and test for leaks and/or other holes.
· Before reinstalling, inspect all possibilities for how the flat occurred: check inside and outside of tire, rim strip, condition of valve stem, etc. Use a cloth or corner of your t-shirt to check the inside of the tire.  Why?
· Reinstall tube and hook the tire bead back onto the rim, starting at the valve both times. Why? Why not use a screwdriver or tire lever to reinstall? Show how to use thumbs, heels of hands, and other people’s help to ease the process. Always re-install tire one side at a time!  Very important information for their success after the lesson.
· Reinstall the wheel; emphasize that the wheel should be all the way up in the dropouts and centered. For tight axle nuts, wrench at 3 o’clock for best leverage.
· Inflate tire to proper pressure, making sure the tire is seated right. 
· Briefly discuss challenges encountered when removing wheels with coaster hubs, with freewheels/derailleurs and with brakes in the way. 

Hands-on: 

Have the students work on wheel, tire and tube removal, and patching. If there are not enough bikes with flats, clandestinely make some before class. There are also always plenty of tubes for students to practice on. Make sure each student repairs at least two flats and has the chance to remove and reinstall a tire and tube. 

WEEK TWO:  FRONT HUBS WITH DUSTCAPS
Objective:

To be introduced to the rotational systems of the bicycle; to understand how ball bearings work, the concept of friction and why overhauls are necessary; to be able to maintain, adjust and overhaul front hubs with dustcaps; to know the five and a half steps of an overhaul/to understand the various challenges of overhauling MTB hubs.

Safety Point: 

The overall importance of a properly functioning wheel in the day to day riding and maintenance of your bicycle.  What if your wheels aren’t working right and you go out for a ride?  What if you don’t fix the problem for a long time?

Materials: 

Repair stands/cone wrenches/ combination wrenches/ 12”adj.wrench/flathead screwdriver/simple green/rags /grease/bearings/ drop gauge tool / 10 mountain bikes and/or wheels.

Lesson: 
· Talk about the overall theme for the day.  This will be the first day in a series of classes on overhauls.  
· Start by discussing bearings: what are they; what do they do; why are they in bicycles; where on bicycles are they? What would bikes be like without them?
	NOTE: This might be the first time youth have worked with Quick Release wheels so it is probably a good idea to have them look at the QR demo to figure it out with them.  Walk everyone through how to know when your skewer is properly closed.  


· The three key elements they should understand are that: 

a) bearings reduce friction
b) bearings support weight
c) bearings ability to do a) and b) increase with the number and size of bearings. 
· Why is friction unwanted in your bicycle? To show this, have everyone rub their hands together really fast; what does friction generate? Translate this to energy lost when riding a bike. What else is used in a bike to reduce friction? Grease. Why not use oil or lube?
· What can happen to bearings and grease over time? Let students brainstorm all the possible things that could go wrong with bearings, specifically in the hub. Dirt, water, mud, rust, dried-out grease, loose bearings... How can we prevent any of these things from happening? (i.e. not riding through huge puddles). What can we do if things get so bad that the hub has a ton of friction? Is an overhaul necessary or just an adjustment?
· Discuss cup and cone system with bearings.  Caged bearings always go bearing side into the cup.  Show each different component of this system, along with the cut in half hub demo that we have.

Break the overhaul down into the 5 ½  steps

½ . Put out a Rag – make sure you have a place to set your parts as you take something apart and that these parts are oriented to how they go back on the bike.

1. Disassemble - Pull the wheel off.  Thread off the locknut, any spacers, and the cone. When there are dust caps pressed into the hub shells, we can use a flathead screwdriver to gently pry them out – just make sure to work your way around the dustcap and not just work in one space.  Stress again that only one side needs to be pulled apart.  

2. Clean - Explain the cleaning process with rags and simple green. What parts have to be cleaned? How clean should they be? Emphasize minimal use of simple green and maximum elbow grease. 

3. Inspect - Show what damaged bearings and races look like compared to polished or clean bearings and races. Is the axle bent? 

- Front hubs: most often ten (loose) 3/16th” bearings on each side

- Rear hubs: most often nine (loose) 1/4” bearings on each side

4. Grease and Reassemble - There should be just enough grease for the bearings to stick in it upside down. Another way of showing this is to just fill the edges of the cup.  After laying the bearings in, a second, thin layer can go on top. Gently tap any dustcaps back in with the rubber mallet. Reinstall the axle; does it matter which side it goes in? Thread the cone, any washers and the locknut on. Is it OK to have grease on the threads? Is it a good idea? Yes. Yes. Yes.

5. Adjust - Finger-tighten the cone until it touches the bearings, then back it off a 1/4 turn (15 min. in the clock analogy) Holding the cone in that spot with a cone wrench, tighten (“lock”) the locknut with another wrench. Too tight?  Too loose?

If either is the case, hold the cone still with a cone wrench, unlock the locknut, and make a small adjustment of the cone: if the axle had play, tighten the cone about 2-5 min., hold it there, and lock the locknut; if the wheel didn’t spin smoothly, loosen the cone about 2-5 min., hold it there, and lock the locknut. The key points here are:
· Not to lose the point of reference by letting the cone move when you unlock the locknut; if it moves, you have to start the adjustment process all over again.
· Small rotations of the cone make a big difference in terms of adjustment.
· Revisit the steps of an overhaul and specifically the way to deal with dustcaps.  When there are dust caps pressed into the hub shells, we can use a flathead screwdriver to gently pry them out.  For re-assembly you should gently tap dustcaps back in with the rubber mallet.  Remind everyone that they are a soft metal and if they are destroyed it is very difficult to work with them, or the hub, once they get mangled, bent, etc.
· Discuss the difference between overhauling a hub with axle nuts vs. a hub with a quick release skewer.  Make sure that they understand the importance of play when the wheel is off the bike vs. how it feels when the wheel is back on the bike with the skewer properly attached.

Hands-on: 

Team up students – 2 to a bike – to partner on the front hub overhaul.  Make sure to monitor that a “stronger” student in the pair isn’t doing all the work.  Emphasize sharing and making sure everyone has a chance to learn, by practicing, the lesson of the day.  

WEEK THREE: THREADLESS (or threaded) HEADSET

Objective: 

To further understand the concept of the overhaul; to know what that word (overhaul) means; to review the 5 ½ steps of an overhaul. Introduce the issues specific to the headset, covering the maintenance, adjustment, and overhaul of this part of the bicycle.

Safety Point: 

What happens if your headset is too loose or too tight? What if your handlebars/stem are loose? What if your handlebars came out of the frame while you were riding?
Materials: 

Repair stands/ allen keys/ combination wrenches/ 30,32,36,40mm headset wrenches/ channel locks/ large crescent wrench/ simple green/ rags/ grease/ bearings/ drop gauges/ mountain bikes.

Lesson:
-Start with a re-introduction to the 5 ½ steps of the overhaul. Ask for input from everyone. Discuss and ask questions about each step.
Note: Be sure to continue to start each week with a blank chalkboard, which you fill in as the youth contribute the correct answers - and encourage them to remember the names, and the descriptions, of every step on their own.  Ask for specifics, get details, and start a dialogue if they get stuck.  Repetition is the key to success at Bike Works.
· Discuss integrated or “slip fit” systems vs. threadless or “press fit” systems.
· Review the parts of the headset as well as relevant parts of the fork.  Head Tube, Steerer Tube, Crown, Crown Race, Cups, Cone, Key Washer, Locknut, Stem, Quill, Bearings – inverted and “regular”.
· Explain the “crown race” on the fork, and how the bearings “race” around the cone, the “crown” of the fork, the legs, the steerer tube, etc.
· To disassemble and re-adjust a threadless headset, take off top cap, you can remove the “star fangled nut” if you want but this is not necessary, and loosen stem binder bolts.  Perform steps of the overhaul, feel for play, and then tighten the two bolts evenly – by alternating back and forth – and you are done.
· On threaded headsets, many bikes have stuck quills, and it may be necessary to go over how to remove one. -  What to do if the cone spins while tightening your lock nut?   How did the keyed washer look?  When adjusting a threaded headset, use a channel lock or 2nd wrench to hold the cone while tightening the lock nut.  
· How do we set the proper position for the stem?  How tight does it need to be?  

Note:  It is important to talk about cable routing and how things look before sections are taken off for this repair.  Encourage everyone to take a mental picture of the bike before beginning.  Also if there is a cable stopper/hanger on your bike, make sure that it will get back in the stack as you are re-assembling.
Hands-on:  

Have students work in teams of two. Encourage teamwork and new groups. One bike and headset overhaul for each group. Have them check the rest of the bike for other work needed (hubs, flat tires, etc.) when they are done.

WEEK FOUR: 3-PIECE BOTTOM BRACKET

Objective: 

To drive home the steps of the overhaul. Review again. Also introduce the bottom bracket and the three-piece crankset overhaul.   
Safety Point: 

Watch your knuckles around chain rings!  Ouch.

Materials: 

Repair stands/bottom bracket wrenches/large and small crescent wrench/simple green/rags/grease/spanner wrenches/crank pullers/dogbone/screwdriver/ pedal wrench/lockring wrench/mountain bikes.

Lesson:

· The parts of the three piece crank with regards to terminology:  Crank arms, Spindle (square taper), Crank Bolts, Sealed BB Cartridge, Cup, Cones, Bearings.  Discuss Cartridge Style vs. Cup and Cone (Adjustable).

Note:  This is another good time to discourage the use of the phrase “lefty loosey, etc. “ and reinforce how important it is to think about the way you are turning the tool, and how you are standing in relation to the bike, and which part of the bike you are on.

· When disassembling, you will need to remove both pedals, and carefully remove both crank bolt caps (damage control) and crank bolts from the crank arms.  
· Be sure look for a washer before removing the crank arm!  Check for the bolt type that has a washer attached to it.  Look for a square shape after removing the crank bolt on the crank arm. 
· It is also imperative to explain the importance of initially installing the crank arm remover tool by hand and then to fully thread in the tool with a wrench onto crank arms before progressing any further. 
· To remove lockring – it is most often right hand threaded and will move counterclockwise to loosen.
· To remove the non-drive side cup – it will most often need to be turned counterclockwise to take it off.
· Adjustable bottom brackets will have a lock ring, adjustable cup (non-drive) and a fixed cup (drive). 

Note:  The students need to know that with the three piece bottom bracket system:  the non-drive side is most often regular threaded on bottom bracket (pedals still reverse); and the drive side is reverse threaded on bottom bracket (pedals still regular thread).  This is just a rule of thumb however.  For reference look at the bottom bracket charts hanging on the teacher wall in the classroom.

Hands-On:
Groups of two. Pick partners if students are sticking to the same pairings. This should be the last overhaul on these bikes, so have them check everything. Fix flats, check all the nuts and bolts, clean and polish, and oil the chain.

WEEK FIVE: MTB BRAKES

Objective: 

To discuss trouble-shooting and to familiarize everyone with the different brake systems. To teach how to correctly lubricate and set up different types of brakes.  To get ‘em thinking about systems, and how these different parts of the bike have some similar concepts and problems.  Hopefully, to encourage them to get into a pattern of sleuthing through these problems in order to find the part that needs adjusting or replacing.

Safety Point:

Cables will go under fingernails if not careful!  What happens if your chain falls off while you are riding?  
Materials: 

Repair stands/ examples of housing and cables for all systems/ cable and housing cutters/ cross country & tri-flow/ spares for project/ cables/ offset brake tools/ 3rd & 4th hand tools/ housing/ cable ends/ ferrules/ brake pads/ y-socket (8,9,10)/ needlenose pliers/ mountain bikes.

Note:  Based on the age group and maturity of the group, this class can be dense.  Beware of the dreaded glaze-effect.

Lesson: 

· Review: how do braking systems work?  What are the parts of the system?  Lever, Cable, Housing, Caliper, Spring Tension, Pads, Braking Surface.

· What are the different kinds of brakes?  Side pull, linear pull (v-brakes), U- brakes, cantilever, disc.

· How do we identify a v-brake lever (looking at angle of cable pull)?  Where should levers ideally be positioned on handlebars for a mountain bike (30-45 degrees to ground).

· What sorts of things go wrong while braking?  How do we know? What is the process of finding or figuring it out called? Trouble-shooting!

Cables and housing

· Review cables. What kinds of cables work with brake systems? Big sideways barrel end for mountain and city bikes, microphone end for road. How are they different than shift cables? Shift cables are thinner with a smaller, parallel-facing barrel end.

· Review housing. How does brake housing differ from shift housing? Brake housing is made of a metal coil with a plastic coating and typically has a plastic liner as well. Shift housing has parallel-running wires instead of the coil.

· Why is this important to know? Discuss what can happen when housing splits – sometimes shift cables can explode out of old, cracked housing, which is annoying, but what would happen if the same thing occurred with a brake cable? No good! The coil keeps the cable contained.

· When trouble-shooting: what are some of the things that can go wrong in these systems? Cables stretch, dry, rust, break, and fray. Housing could crack, bend, or break in parts.  

· Why are ferrules and end caps important?  How do cables connect to the caliper? 

· What and where are the barrel adjusters? How to properly set them for easy adjustment and wheel removal.

· Follow housing/cables to the point you need to disengage to get the cable out. Undo the pinch-bolt and take off the housing. How do you get cables out though? Remember the cable end? It is attached to the end of the lever/gear shifter. Show how to align parts to get the cable out. Pay attention to routing, so that you can put it back together correctly. Show how to cut the housing to the correct size. Lubricate the cables with 3 drops of tri-flow. Be careful to not let the lubricated cable touch the floor. 

· Thread the cable through the housing taking care not to fray cable, re-attach the cable with the pinch-bolt, and tighten.
· Cut the cables. Not too short. Why? Enough cable is needed for future adjustments and leverage. Attach cable ends. 

Brakes

· What are we looking for when we troubleshoot?  Worn pads, poor or uneven spring tension, lever pulls to bar, pad rub, squealing…. Start from the lever and work your way down to the pads following an order every time.  Based on what we find on the bikes - start fixing the problem. 

· First thing to do is make sure that the wheel is centered in the frame/fork.

· Mention the different holes available on the brake boss as well as the occasional need to bend springs (on v-brakes). 

· Brake Pads.  How much life is left?  How do you tell?  What can you do to prolong their life?  How do you line them up properly to the rim while providing toe-in – when necessary! – to prevent squeal?  Four aspects to consider in pad alignment: vertical height, tangent alignment, vertical, and pad toe (in simpler words, where do the brake pads contact the rim, at what angle, balanced with each other and toed in). Show rubber band trick. 

· With cantilever AND linear-pull/V-brakes, the calipers should be parallel to each other (and the rim) when the brake pads are contacting the rim, and the brake pad posts should sit horizontal to the ground. 

· For V-brakes: show how to vary the number and thickness of spacers on the pads, and why there are cup-and-bowl spacers (for changing the angle). 

· For cantilever: show the effect of changing where along the post the brake pad is clamped to the caliper. 

· Note that the V of the straddle cable should sit at a 90 degree angle when the pads are properly positioned.

· Discuss other tricks for combatting squealing brake pads: sand paper, cleaning rim with rubbing alcohol, toe-in, reverse toe, etc. 

· Centering or pull of the calipers need the introduction of centering screws, how they affect spring tension.

Note:  Based on how many different types of brake systems we have to work on with the student’s bikes, this class can get very detailed so everyone can complete their bikes, or can be a more general overview of systems that the youth might encounter as they work on bikes over time. Cantilever brakes can be super frustrating and time-consuming to adjust, so plan accordingly if you are working with bikes with these brakes!          

Hands-On: 

Put 2 students on each bike, dividing them up between brakes.  Make sure everyone gets a chance to replace, lube and adjust one cable.  Again, finish up the bikes by polishing, cleaning, checking, pumping up tires, etc.

WEEK SIX: DERAILLEURS & DRIVETRAIN

Objective: 

To teach how to correctly assess, set up, and adjust the four aspects of derailleurs and shifting. To further discuss trouble-shooting and to familiarize everyone with gear systems and illustrate how different systems of the bike have some similar concepts and problems. Hopefully, to encourage them to get into a pattern of sleuthing through these problems in order to find the part that needs adjusting or replacing.

Safety Point:

Cables will go under fingernails if not careful! Fingers in chains and gears will hurt—beware the spinning wheel!  Use caution when adjusting the L limit screw on the rear derailleur! What if you are using the wrong gears while trying to ride up a steep hill?

Materials: 

Repair stands/ examples of housing and cables for all systems/ cable and housing cutters/ cross country & tri-flow/ screwdrivers/ spares for project/ cables/ housing/ cable ends/ ferrules/ y-socket (8,9,10)/ allen wrenches (4,5,6)/ mountain bikes.

Note:  This is a dense lesson that requires lots of time to teach, as well as to perform the work. Consider breaking out to do adjustments after teaching the rear derailleur so as not to overwhelm students with information, and then regroup to teach the front. Plan time accordingly! 

Lesson:

· Introduce gears and derailleurs, looking at front chainrings and derailleur, and rear cogs/freewheel/cassette and derailleur. How many? How do they work? How do they help us?
· Revisit the concept of “trouble-shooting.” What is unique to the system of gears versus that of brakes? Look at the system from end to end and find the potential “trouble.”
· Show examples of the derailleur cables and housing. Derailleurs use parallel-running housing and thinner cables with a smaller, parallel-facing barrel end.
Gears

· What does the word derailleur make you think of? De-rail? Off the track? Show how levers will pull the cable to move derailleurs and move the chain off of the “tracks” in the gears (cogs/chainrings).  Also keeps chain tension.
· If you have 3 chainrings in the front, and 7 cogs in the back, how many gears do you have? Why? How does that make a difference?
· When the chain is in the big gear in the front, is it easier or harder to pedal? In the small gear? What about the chain when it is on the rear cogs? Easier on small cog in the rear or harder? Why do you want to have a wider gear range (in Seattle, with hills)?
· Do you always have to be pedaling to change gears?  Why?
· Make a point that the fast/slow gears are opposite with the cogs versus the chainrings. Show how the gears work while the bike is in the stand, running through all the gears. 
· Discuss cross-chaining and how to avoid it.
· When trouble-shooting: what are we looking for? Worn or broken teeth. What do those look like? Check for loose chainring bolts. 
Chains

· Can you use any kind of chain on any kind of drivetrain? Why not? Discuss matching the chain with the number of cogs in the rear cluster.

· When trouble-shooting: what kinds of wear or problems might you find with a chain? Rust, broken links, wear. How can you check chain stretch – and is the metal actually stretching? It’s really the metal wearing away around the pins and rollers.

· Why is it important to avoid over-lubing? What should the chain look like?

Derailleurs

· When trouble-shooting: what are some of the things that can go wrong in these systems? Cables stretch, dry, break, and fray. Springs collapse. Housing could crack, bend, rust, or break in parts.  Teeth and pulleys break.  Chains stretch.  
· Briefly explain the role of limit screws.  H & L = High and Low. It is helpful to describe the role of limit screws as being like walls that determine how far the derailleur can move. Tighten the screws and the walls move in, limiting movement; loosen the screws and the walls move out, allowing for increased movement.
· In order to help mechanics-in-training remember what to do when working with derailleurs, it is helpful to point out that each one has four different aspects of adjustment. 
· Rear derailleur 
1. Derailleur hanger alignment – true, not actually part of the derailleur, but it can’t work correctly without it. What happens if the derailleur is not parallel to the wheel? Show how a derailleur hanger alignment tool works.
2. B-screw, which once set correctly can generally be forgotten about. This should be set when the chain is on the middle chainring and largest cog; dial the screw out until the top of the top pulley wheel is 3-8mm (approximately) from the bottom of the largest cog.
3. Limit screws: adjust limit screws with chain on the middle chainring. Loosen (unscew) H limit screw to make chain move out towards dropout; loosen L limit screw to move chain out towards the wheel. The limit screws should be dialed in as far as they can go without the chain making a clicking sound while pedaling in the respective (H or L) gear. Double check that the L screw adjustment is not dialed out too far by pedaling while physically pulling on the rear shift cable, not by using the shifter. 
Safety Note:  It is CRITICALLY important that the rear L limit screw not be dialed out too far! Ask what might happen if the rear derailleur moves too far towards the wheel. Examples: chain can drop into the wheel, jam the chain and damage spokes, OR rear derailleur can get caught in the spokes, destroy the wheel, destroy the derailleur, bend or break the derailleur hanger, and send the rider flying!! 

4. Cable tension: with the H limit screw properly set and the chain still on the middle chainring, shift onto the smallest (H) cog. Undo the pinch bolt holding the shift cable, then grab the end of the cable and pull the slack out of it and then tighten the pinch bolt back down. Pay attention to where the cable is running! There should be a groove in the washer where the cable sits. Try shifting. Does the chain hesitate moving up to the next largest cog? What does that mean? Too little tension – with increased tension the derailleur pulls a little further with each click of the shifter. Increase tension via the barrel adjuster with quarter turn increments! Does it hesitate moving down to the next smallest? Decrease tension! Repeat until you have shifted multiple times between every cog.
· Front derailleur 
1. Height: the closest point at the bottom front of the derailleur should be 1-3mm from the top of the highest tooth on the large chainring.
2. Rotation: the flat front part of the derailleur should be perfectly parallel to the large chainring.
3. Limit screws: there is not always an H and L printed! Look inside the derailleur for where the rocker hits the screws. Set the L limit screw with the chain on the large cog and small chainring; turn it in until the chain just clears the inside back of the derailleur. Set the H screw with the chain on the small cog and large chainring; turn it in until the chain just clears the inside front of the derailleur. Adjust as needed for the chain to shift quickly down or up to the respective gear.
4. Cable tension: shift down to the small chainring. Undo the pinch bolt holding the shift cable, then grab the end of the cable and pull the slack out of it and then tighten the pinch bolt back down. Pay attention to where the cable is running! There should be a groove in the washer where the cable sits. Try shifting up to the middle. Does it hesitate? What should we do? Increase tension! Repeat steps like with the rear derailleur.
5. Adjustments on both derailleurs should be performed in this order, as each one builds off the previous. 
Hands-On: 

Put 2 students on each bike, dividing them up between gears.  Make sure everyone gets a chance to replace, lube and adjust one cable.  Again, finish up the bikes by polishing, cleaning, checking, pumping up tires, etc.

