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Introduction: Everything you wanted to know about fishing reel bearings, including how they are created, and what role they play in reel operation. Class is in session as bearing guru, ChuckE, explains the ins and outs of reel bearings in "Bearings 101."

    
Background: Ball bearings and roller bearings are the most common types of anti-friction bearing found in today’s modern fishing reels.  However, that was not always the case, and early reel bearings were really nothing more than a guide or alignment sleeve which had a rotating component traveling through it (very similar to a sliding friction bearing). Frequent cleaning and lubrication was often required to maintain performance in these early reels, since the guides tended to wear quickly. So over time, reel manufacturers eventually adopted more robust designs, to reduce friction, corrosion and wear. Ball, roller, journal, needle, thrust and tapered bearings have all been used in reels over the past 100 years.

  

Anti-friction bearings operate under the principle of rolling friction, where balls or cylinders roll between two metal sleeves to overcome friction.  The sleeves are actually round grooved tracks that the balls or rollers ride between, which are called races (or rings). Friction is reduced in this type of bearing because only two points on each rolling member actually contact the races at any one point in time. Roller bearings are typically used in lower speed but higher load applications because more of the roller is in contact with each race. Whereas, ball bearings are used in higher speed and lighter load applications because they have less friction. Ball bearings may also be equipped with shields or seals, which cover part of the area between the races.

  

[image: image1.jpg]g Components

Outer Race

(oxRing) Inner Race

(o Ring)




  

The balls or cylinders in an anti-friction bearing are held in place by a cage, which keeps them evenly spaced around both races. There are many different types of cage designs used in anti-friction ball bearings, but the most common type used in fishing reels is a stamped metal cage, which uses a very light metal frame to contain the balls.  The most common cage used in reel roller bearings incorporates an injection molded plastic formed into a spacer.

  

Reel ball bearing shields and seals are designed to keep lubricants in the bearing and contaminants from entering the bearing. Some bearing shields are not removable, which can make cleaning and re-lubrication more difficult, and other bearings use a shield design that only covers part of the opening.

  

Ball bearings may also be equipped with removable shields or seals that allow for easier cleaning and lubrication. This type of bearing is frequently used where grease is used to lubricate the bearing, since grease is more difficult to remove and replenish than oil lubricants. All removable shield reel bearings have a spring metal retainer that fits into a groove on the outer race, so the shield is firmly attached to the outside race, and it never really contacts the inner race.

  

The easiest way to remove a small radial bearing shield is with a sewing machine needle and magnifying lens. You can carefully prying the tip of the needle into the groove near one the end of the retainer, to work the retainer out. (Be careful to cover the other end of the retainer to keep it from flying out and becoming lost, since it is under spring pressure.)  Once the retainer is out, the shield can be removed, and bearings and cage will be exposed.  Just reverse this process to reinstall the shield.
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Races: Both races are essentially made the same way. Since they are both rings of steel, the process starts with a hard metal seamless tubing (e.g. stainless steel) of appropriate size. Automatic machines similar to lathes use cutting tools to machine the basic shape of the race, leaving all dimensions slightly larger than required.  The reason for leaving them larger is that the races must be heat treated before being finished.

  

Rough cut stainless steel races are put into a heat treating furnace and heated for several hours at a minimum of 1550 degrees F. Then they are dipped into an oil bath to cool them and make them very hard. However, hardening also makes them extremely brittle, so the next step is to temper them. This is done by heating them in a second oven to a minimum of 300 degrees F, and then allowing them to air cool. The whole process results in races that are extremely hard and durable.

  

After heat treatment, the races are ready for finishing. However, the races are now too hard to cut with cutting tools, so the rest of the finishing must be done with grinding tools which are similar to those used to sharpen drill bits and cutting tools. Almost every part of the race is finished by grinding, which leaves a smooth and very accurate surface.  The surfaces where the balls fit must be very round and the sides must be flat, so they are ground and then lapped with an abrasive slurry to polish the surface for several hours to get a mirror finish. At this point, the races are finished and ready for final assembly.

  

Cages: Cages are stamped out of thin sheet metal and are then bent into their final shape in a die. The stamped cage is usually given a short abrasive slurry wash to remove die marks and provide a polished finish.
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Steel Balls: Steel balls are a little more difficult to make, even though their shape is quite simple.  Surprisingly, the balls start out as a thick wire which is fed from a roll into a cutter that cuts off small pieces, and then smashes each end inward. (The process is called cold heading because the wire is not heat treated before being smashed, similar to the way nails were once made.) The bulge in the middle of the ball (from the ends of the wire), are removed in a machining process. The balls are placed between two rough grooved disks, one that rotates while the other is stationary, and friction is used to remove the bulge material.

  

The heat treatment process for the balls is similar to that used for races, since the same type of steel is often used in both, and it is desirable to have all parts wear at the same rate.  Like the races, the balls become hard and tough after heat treating and tempering, and grinding must be used to grind the balls down so they are perfectly round and within a few ten-thousandths of an inch of their finished size. Then the balls are lapped with an abrasive lapping machine to get a polished and very accurate finished lot size.  (The amount of final lapping determines how precise the finished bearing is – more on that later.)

  

Final Assembly: The finished race is put inside the outer race, and the balls are inserted between them. Once the balls are inserted, the races are rotated so the balls are centered and evenly distributed around the bearing and the cage is inserted to hold the balls apart from each other.  (The cage actually snaps around the balls and ensures the bearing is tightly held together.) If shields will be installed, they are installed last and the finished bearing is usually coated with a light lubricant for shipping.
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Quality Assurance and Control: Quality checks are usually performed on various stages throughout the bearing manufacturing process, and the number of checks is usually dependant on the precision of the bearings that is intended for a batch or run. More checks and samples will be performed throughout higher precision runs than on lower precision runs, to ensure the quality of the bearings. In addition, higher precision bearings will be more costly than lower precisions bearings, because higher precision typically involves more processes and longer run time.

  

For example, it is not out of the ordinary for samples to be analyzed on the material delivered by a mill, to ensure the correct alloy metal is in it.  Hardness, toughness and fracture tests are often done at several stages of the heat treating process, and many inspections to insure the size and shapes of parts during fabrication can be done, to ensure precision.  The surface of the balls must be extremely smooth and can’t be out of round by more than 25 millionths of an inch, even for an inexpensive bearing, and high-speed precision bearings are frequently only allowed five-millionths of an inch manufacturing tolerance.  Quality controls are in place to reject batches that do not meet specifications.
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A look inside the Tyrnos and you can see the Shimano A-RB bearing's steel balls

 

Precision Bearings: There are a number of factors that influence the performance of a radial anti-friction bearing.  Some of the major factors include design, construction, and cleanliness/lubrication.

  

The size and finish of the balls plays a major role in how much friction and vibration loss a radial ball bearing has. The more uniform and finished the balls are and better contact they have with the races, the less friction and vibration that will be generated by the bearing. This may be a little confusing to many, since one could initially think just the opposite – and that less contact with the races leads to less friction. However, because the diameter of the inner and outer races are different they will each rotate at a slightly different speed relative to the balls, and that causes the balls to partially slide (slip) on the races as they roll. So, balls that are more uniform and have better lubrication and finish, generate less friction and vibration while they slip. The net effect is that a higher precision bearing will slip easier and rotate at faster speeds, and is one of the reasons why higher precision spool bearings tend to sound a little different than lower quality bearings, when you make a cast.

  

The lighter the balls, cage and inner race are on a bearing, the faster the bearing will accelerate and achieve rated speed. This can be very important for reel spool bearings, since spool startup is one of the most significant factors affecting how well a reel can cast. There are two ways to reduce the weight of radial bearings. The first is to use lighter material for the balls, since they typically make-up 50 to 75% of a ball bearing’s weight. The second way is to make the bearing smaller in physical size than it otherwise could have been. This may involve reducing the size of supported shafts and sockets that the bearings mount in.

  

Lighter spool bearings do have a downside. Since the mass of the balls has been reduced, there is a potential for increased drag losses if the bearings become fouled with debris or excess oil (lighter balls have less momentum).  So, it is much more important to keep lighter spool bearings clean and properly lubricated, in order to reduce drag losses. Just try casting sometime after putting a little too much oil in a set of ceramic hybrid spool bearings. Casting distance is reduced and bearing noise increases significantly due to increased ball drag. The condition will continue until the excess oil is eventually spun off the bearings.

  

Ball bearings used in low speed and light load applications are usually lubricated with grease instead of oil. The use of grease tends to dramatically increase drag losses in the bearing which retards rolling.  However, it also tends to dampen any backlash resulting from meshing gears and drive components, and mitigates the potential for corrosion of internal bearing components which could damage the balls. The net effect in a reel is that it tends to crank smoother and quieter than it otherwise would, and less frequent cleaning and lubrication is typically required (especially if the bearings are equipped with shields). Most reel manufacturers do not use higher precision bearings in the frame of their reels, instead opting for bearings that are greased, in order to smooth operation and reduce corrosion.
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The Cardiff's steel balls are evenly spaced within the precision bearing

 

ABEC Ratings: Unfortunately, bearings can be misrepresented, fraudulently manufactured, or can be counterfeited just like many other things today. Given the cost and time involved in manufacturing bearings, there is a lot of temptation to get a higher price for a lower quality bearing, since a typical user would not probably notice the difference until the bearing failed.

  

Bearing manufacturers have established standards for the quality and precision of bearings, and there are 3 internationally recognized ratings for specifying manufacturing tolerances’ of bearings:


-  Annular Bearing Engineering Committee or Council (ABEC) is a US organization. 


-  The International Standards Organization (ISO) is an international organization. 


-  National Standards Organization (DIN) is a German organization.

  

Below is a cross-reference that can be used to classify a bearing across these three standards.  If a bearing is not classified as an ABEC rated bearing, it is considered to be non-precision or un-rated, and outside the precision standards.

  

[image: image7.jpg]ABEC Bearing Ratings
(from Lowest to Highest)

ABEC 1 Normal/ISO PO/DIN
ABEC 3 Class 6/1ISO P6/DIN
ABEC 5 Class 5/1SO P5/DIN
ABEC 7 Class 4/1ISO P4/DIN
ABEC 9 Class 2/1ISO P2/DIN




  

Bearing tolerances (precision specifications) are just one of the specifications for a bearing, and other specifications include material, finish, construction, chemical resistance, tracking and angular error, max rpm, etc.  All of these other specifications can also be deliberately misrepresented, and it pays to know your suppliers.

  

Many bearings are marked or stamped to identify them to a lot, point of manufacture, style/class, model, etc. that lends credibility to the quality of a specific bearing. Even so, markings can even be falsified and are not even required, and high-end users will often require certificates and independent assessments to validate specific requirements. However, the cost goes up very quickly when this is required, and a typical user must employ other means.

  

The best thing you can do to ensure the bearings you get are indeed the quality that you want is to know your manufacturer and supplier. Their reputation and reputation of the product they provide is at stake, and they will often take legal recourse against others that misrepresent product lines. Ito Engineering (e.g. ZPI), Boca, VBX and others suppliers, have built a good reputation in the bearings they provide for fishing reels and industrial uses, and they stand behind their product quality. They have the resources to ensure engineering and product lines meet specifications, and their product meets/exceeds required standards.

  

Cost can be another tip-off that something may not be right. If someone offers ABEC 5 or 7 bearings at non-rated bearing prices, you may be justified in suspecting that something is not right. Also, if you are paying for ABEC 5 or 7 bearings, the seller should be able to stand behind their bearings, and provide reference or some type of traceability to the standard that shows compliance or authenticity, when asked. They should at least be familiar with the standard and be able to discuss how it relates to the bearings that they supply.

  

It is difficult to measure any reel bearing to determine if it meets a precision standard. As previously discussed, most component measurements cannot be taken after bearing assembly, and the extremely precise measurement tools, number of measurements, and skills required to do so are usually outside the means of a normal person. However, if you are really interested, you can do a search on Google for ABEC, and will find links to the standard. You will see that precision bearings in sizes for fishing reels usually involve measurements to less than 1 thousandth of an inch.

  

The original ABEC Standard does not even list requirements for ABEC 9 bearings. ABEC 9 was originally developed for NASA and the US Dept of Defense. ABEC 9 bearings are prohibitively expensive, in limited supply, and finding a supplier that can certify compliance involves considerable effort. Yet, ABEC 9 bearings currently seem to be the most misrepresented or fraudulent bearing rating, since true ABEC 9 bearings command a higher price.

 

Upgrading Bearings: Reel bearings can be upgraded to ABEC rated bearings in order to improve performance.  However, since most frame bearings operate at light loads and lower speeds, the amount of performance improvement from upgrading these bearings may not be even be noticeable or could be disappointing (in light of the cost) .  This is especially true, since most frame bearings are greased, as previously described.

  

A noticeable improvement in casting performance can be obtained by upgrading the spool bearings to either ABEC 5 or ABEC 7 ceramic hybrid bearings.  The lighter weight, increased hardness, and smoother finish of the ceramic components will provide faster spool startup and higher sustained spool speeds.

  

Conclusion:  Bearing 101 has just begun and there's plenty more to learn about bearing design, operation, and their impact on reel performance. There will be more information on ceramic bearings in the next installment of this article, and I will also go into lubrication, bearing corrosion and other related topics. So study up and until then...class dismissed. 
Reel Bearings - 201 Ready for bearing overload?
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Introduction: Ready to move on to "Reel Bearings 201?" The second installment of the tutorial continues to build on the fundamentals presented in Reel Bearings – 101. It covers ceramic bearings, bearing corrosion, lubrication, and other related topics. Bust out those notebooks, its time to talk bearings...

    

Ceramic and Bearings: Advanced ceramic materials were initially used in the early-60’s, mostly as coatings on power turbines and electrical generating equipment. The hardness, electrical resistance, and light weight of the material made them ideal for these applications.  Not long after that, advanced ceramic materials began to be used as man-made abrasives. Today they are used in a number of common products, yet most don’t even recognize them.
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Now when I say ceramic, I’m not talking about the same type that is used in your grandmother’s china.  I’m talking about industrial ceramics – typically made from compounds of synthesized powders which are joined under extremely high pressure and heat.  (In fact, many closely resemble natural sapphire and ruby, and advanced ceramics have a harness that approaches diamond.)  Besides, a table setting of fine dishes made from industrial ceramics would cost millions of dollars!

  

Industrial ceramics are extremely resistant to wear, lighter than most metals, relatively strong, and are corrosion resistant.  If there was anything bad to say about them, it would be that they will brittle fracture under stress, if there are surface pores, cracks or flaws from the manufacturing process.  That was the problem with early ceramics used in industrial applications, but that was a long time ago – and no matter what you’ve heard, most manufacturing processes have been improved to mitigate fracture defects, since that time!
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Industrial ceramics began to be used for bearing materials when the need for alternatives to special corrosion resistant metals was identified by the chemical industry.  Initially, stainless steel balls were coated with ceramics, and later manufacturing processes were developed to produce totally ceramic balls.  Today, you can even get bearings that are completely made from ceramic – but they are quite expensive and aren’t always available in the sizes you need for a reel.

  

Hybrid ceramic radial ball bearings usually have metal (e.g. 440C Stainless Steel) races, cage, and shields, with either completely ceramic or ceramic coated stainless steel balls.  (Except for the balls, most other components are manufactured as described in the previous bearing tutorial.) They are relatively cost effective, since the balls are the only incremental expense, when compared to stainless bearings.  They weigh approximately 40-60% less than their stainless steel counterpart.

  

Ceramic and ceramic coated balls typically have a surface finish that is 5 times finer than stainless steel balls, so wear of the races and cages are significantly reduced, and bearing lifetime typically increases (with lubrication) up to 5-10 times longer than an all-stainless bearing.  Although ceramic balls can be used without lubrication, you can extend the fatigue life of the metal components with lubrication.  Lubrication also mitigates corrosion of the metal components (but more on that later), since ceramic balls will not corrode.
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Ceramic balls can be fabricated so they are extremely uniform in size (diameter) and roundness.  It is not unusual for the balls in a bearing to all be within +/- 1 micrometer in diameter, and +/- 0.1 micrometer in individual roundness!  So, it’s no wonder that much less ball slip and friction is produced, given the very fine surface finish and uniform balls.  Most ceramic hybrid bearings are at least ABEC 3 or higher, primarily because of the stainless steel components!

  

Because all-ceramic balls weigh roughly 60% less than a stainless steel ball, the bearing will have reduced centrifugal loads as the balls spin against the races and cage.  Reduced centrifugal loads combined with the reduced slip, results in higher attained speeds and less bearing vibration and noise.  Although they can sound a little rough when new or after cleaning, they should quiet down after the lube has had a chance to disperse and run-in.  However, one of the downsides with lighter and more precise bearings is that they can be significantly affected if over-lubed or get fouled with debris and/or water, due to the lighter ball weight, and tighter tolerances and fit in the bearing.  Debris may not be as readily cast off, as it otherwise would, and instead will often circulate around inside the bearing between races, balls, and the cage.  Consequently, ceramic hybrid spool bearings may need more frequent cleaning (when compared to lower quality bearings), especially when used in a reel for shore fishing.

  

Manufacturing techniques for making advanced ceramic materials are closely guarded by manufacturers.  In fact, the chemical composition for the trace and binding chemicals in the Aluminum Nitride, Silicone Carbide, Silicone Nitride or Zirconium Carbide powders is seldom disclosed, even to major customers.  However, the basic process is called ‘sintering’, which generally involves pressing the powder slurry in a die under super-extreme forces, and then heating it to very high temperatures to burn off oxides and unnecessary binding compounds.  Some companies have spent decades perfecting the process, so that pores, cracks, and surface flaws are not introduced in the process.  Especially since, a ball that is manufactured with such defects could literally explode, even under light loads!

  

Ceramic balls for bearings (or coating for stainless steel balls) are also formed by sintering, but they are made slightly larger than the final size.  Diamond slurry mechanical lapping machines are used to achieve the finished size, and continuously lapping for up to 2 months is not unusual for some ceramics.  The same quality checks and controls are used while making ceramic bearings to ensure the product meets final specifications.  In addition, process controls are often implemented to detect any surface flaws.

  

Here’s a tip you can use when you buy ceramic bearings for your reel, to help ensure you are getting what you paid for.  Although not necessarily “cast in stone”, you can consider these items; ABEC 7 ceramic hybrid bearings and ABEC 5 and higher all-ceramic bearings are not usually greased (although they may have a light coating of oil, to preserve any stainless steel components); most ceramic materials will be white, black (or dark gray), or green in color, so be sure to check the balls on ceramic-hybrid bearings; the bearing will weigh about one-half as much as a stainless steel bearing in the same size; and hybrid ceramic bearings typically do not come with full-size pressed shields that cannot be removed, and usually come with no shield(s) at all or with removable shields.

  

Here’s another tip, you may find useful.  Ceramic spool bearings will typically run quieter and with less vibration, than conventional bearings in the same ABEC class.  However, you may notice more vibration or noise from the reel, as you cast or crank it.  Wait a minute, how can that be, especially if they run better?  Here’s an explanation: The noise/vibration could actually be due to several factors, which are really related to the higher spool speed, and much more braking action that occurs during a cast.  Some spools, reels and brakes may not operate as smoothly at the higher speeds (since they may not be finely tuned, balanced or aligned, as they could otherwise have been).  Lastly, the vibration/noise may be due to debris, excess or dried oil, or water that has fouled the bearing, causing noise to be amplified while vibration is transmitted to the frame (especially on large and more-open magnesium framed reels).  The advantages of ceramic hybrid spool bearings may not be very discernable to an occasional angler, but ask one who spends a lot of time on the water, and they’ll probably tell you that they cast just as far as regular bearings – but with less effort (and  maybe even a little further too)!  It should also be pointed out, that the braking system on some low-quality bait casting reels may not be able to handle the speeds developed by ceramic spool bearings, and overruns could occur!
  
I predict that more and more ceramic bearings and other components will be used in factory reels, especially those designated for use in salt water.  Manufacturing advances will steadily drop ceramics prices, and consumers will continue to demand more performance from high-end reels in the future.  The TD-Z and a few other reels already have ceramic spools, and Shimano, Daiwa and Okuma have supposedly been putting “super corrosion resistant” (ceramic?) bearings in recent  reels.  Who know, maybe 100 years from now, fishing reels won’t even have brakes or drags – but will instead employ nano-ceramic bearing technology to brake and play line?  Ceramic is the new “Holy Grail” for fishing reels!
  

Reel Bearing Corrosion: Stainless steel is pretty good at resisting corrosion in most environments. However, when you use them in a bearing, the stainless has to be heat treated to increase the surface strength of the metal. And there's the problem – the corrosion resistance of stainless steels decreases during heat treatment, because the structural composition of the metal has physically been changed, and it is no longer passive to corrosion.  Over time in the wrong environment, the surface of most heat treated stainless steels can roughen, pit and generally degrade.   It can even cause the metal to completely crack and fail if the stainless is under much stress (either from manufacture or from loading). Stainless steel bearing components are no exception, especially in a high sodium or chloride environment (i.e. saltwater).

  

Seawater contains approximately 3.5% of various salts by weight.  The most predominate salt is Sodium Chloride, and there are smaller amounts other salts also present.  Salts dissolve in water, to form ions which are loosely held by the water molecules.  However, the bond with the water molecules will easily break, allowing the ions to affect other metals that may also be in contact with the saltwater (e.g. corrode).
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Sodium and Chloride are especially troublesome for Iron containing metals, including common heat treated stainless steels used in bearings (which is usually made from 440C stainless steel.)  Several different types of corrosion can occur on the stainless, and most will cause pits, blistering, and cracks to form from the surface into the metal.  If left in contact with seawater, the stainless bearing metal can eventually fail, or may run rougher or cause problems with other metal reel components.  Balls and bearing races are especially vulnerable, since rotation causes rubbing, which prevents their surface from forming a more stable oxide layer that would otherwise protect them from attack.  [Heat treated stainless steels that don’t rub, generally don’t tend to be attacked as much by sea water, because of this stable oxide layer.]

  

What about brackish water?   “Brackish water” contains dissolved salts in concentrations from .3% to 3.5%, and is not suitable as a normal source for drinking water.  (“Fresh water” contains less than .3% dissolved salts.)  Brackish water is usually found near sea water, and a few examples include salt water marshes, coastal inland lagoons, and even some deltas.  Brackish water can also include some recovered Phosphate pits (like those found in Florida and other parts of the country), which can also have high concentrations of Sodium based salts.   The bad thing about brackish water is that it also can contain high concentrations of microbes and other chloride based organisms, which can also attack the carbons in steels, especially metals under stress due to manufacturing processes.  So, it is best to treat brackish water like seawater, and carefully wash your reels in a spray of warm tap water after fishing, and only use reels that are recommended for saltwater service.

  

Freshwater can still contain small amounts of salts, algae and microbes that would otherwise attack stainless steels, but the concentrations are typically so low that the attack rate is usually measured in years, rather than days (like in seawater).  Even so, it may be a suitable practice to rinse your reels in warm tap water and dry them after use, especially if a major algae bloom is in progress on the water you have just fished.  [The algae can live and grow in a reel (if they are in sufficient quantity and left undisturbed in puddles of water), and the chlorides left by the algae can attack bearings and other reel metals over a couple week period.]  However on a freshwater lake under normal conditions, it is probably only necessary to shake out any water and dry the reel off, before storing in your rod locker.

  

Be sure to periodically check that drain holes are open and will drain any water or moisture from the reel.  Some reels have drains on the bottom sides of the reel where a handle or palm plate attaches to the frame, and they can get plugged with debris, grease, or corroded, allowing pockets of water to form in the reel.

  
What about chrome plated and bearings made out of other materials?  Reel manufactures have made bearings and bushings out of many different materials over the years.  Brass, bronze, and other copper alloy bearings were used early on.  However, they wore quickly and required frequent lubrication, but were fairly resistant to corrosion.  Carbon steel was also used for reel bearing materials, and although it wore better, it was extremely susceptible to water corrosions and required constant cleaning and other care.

  

Chrome steels were initially used to plate softer bearing materials, in order to improve the surface finish and reduce wear.  The Chromium, Manganese and Silicone in the steel makes the surface more durable than plain brass, bronzes and carbon based steels, and chrome has fair corrosion resistance if alloyed with Nickel.  Chrome can also be polished to provide a good surface finish, with moderately low friction from slip.  However as plating, it can blister, chip and flake off, which exposes the underlying metal to wear or corrosion.

  

Solid chrome steel is actually a form of stainless steel if nickel is present, and it resists corrosion fairly well, but is not very durable (can wear poorly, gall and even crack).  Without the nickel, it is much more durable, but is not as corrosion resistant.  Even so, some lower end reels are still being manufactured with chrome steel bearings and other components.  The key is to keep them well lubricated, and dry while in storage, and rinse them immediately after use in saltwater. Some alloys of chrome steel resist saltwater corrosion better than others, so following manufacturer recommendations on use and maintenance is advisable.  A few anglers have reported good success with the use of spray or gel moisture blockers, to protect against seawater contacting the outer races on chrome bearings and other metal reel parts.  Beoshield T-9 and similar products contain anti-corrosion, rust prevention, and metal protectants, that supposedly last for months, in a fishing reel.  Although I have not personally used Beoshield, I have seen it at several marine dealers.

  

Reel and bearing manufactures have dealt with the effects of corrosion on bearings in a number of ways.  In fact, it is not uncommon to see combinations of the following used in a modern high end reel:

·                     Shield the balls from saltwater intrusion: This was the general approach that Daiwa used when they initially coined the terms “Corrosion Resistant Ball Bearing” (CRBB). The shield is designed to reduce entry of contaminants, like a seal, and bearing life in a saltwater environment increases up to 12 times that of a conventional stainless steel bearing. Other reel manufacturers now use similar shielded bearings.
·                     Layer the stainless steel balls with a coating of activated alumina: Activated alumina coatings are actually a form of industrial ceramic, and it forms a very tight and hard surface that prevents seawater from contacting the stainless. Some manufactures actually call this a quasi-ceramic coating, but whether it is or not is a matter of how the coating is applied, temperatures, thickness, etc. (Most processes actually lightly sinter the surface of the stainless with the activated alumina, which is similar to passivating the metal.) I think Shimano is now doing this to their corrosion resistant bearings and bearing life supposedly increases about 10 times that of a conventional stainless steel bearing in a saltwater environment. I also think Daiwa may also be doing this, especially when they use the term 'Super CRBB' – but I haven’t been able to verify that.  
·                     Use an all together different material for the bearing: Ceramic coated or all-ceramic balls will not corrode.
·                     Use a good lubricant:  A lubricant that doesn't easily come out as the bearing rotates and doesn’t wash out when you rinse your reel, keeps the balls from contacting seawater (if periodically replenished).  The lubricant can also adhere to the balls to reduce friction.
·                     Equip the reel with drain holes that will drain water from the reel.  Oftentimes the line will pickup seawater and transfer it to the spool and it will drain out thru these holes.
 

Reel Bearings - 201 (continued)

Bearing Lubrication: All most all fishing reels use grease and oil to lubricate bearings and other reel components.  The primary purpose of the lubricant is to reduce wear and damage between contacting surfaces.  Reduced wear is achieved by utilizing a low viscosity material between wearing surfaces that have a relative high coefficient of friction.  In effect, the wearing surfaces are replaced by a material that has a more desirable coefficient of friction, like oil or grease. Lubrication is also used to preclude corrosion, and to seal against the entry of water and debris.

 

Grease is a semi-fluid mixture of oil, a thickener and additives.  The oil that performs the actually lubrication in reels is usually petroleum or synthetic based.  The thickener gives grease it consistency, and can be thought of as a sponge that holds the oil in place.  Additives enhance performance, protect the grease and lubricated surfaces, and can even neutralize the effects of corrosives.  Many reel greases on the market today have additives specifically designed to prevent chemical attack of metal components due to seawater.
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Reel grease and oil are not really interchangeable. Grease is used when it is not practical or convenient to use oil, primarily in low speed frame bearings.  It must be thick enough to prevent it from running or spinning out of a turning bearing.  On the other hand, oil is used in locations that are generally more accessible, and primarily in higher speed spool bearings.  It must have lower viscosity and little restriction to movement of bearing components.  The previous picture show a greased bearing ready for reinstallation back into a reel.  (Notice how a generous amount of grease was expelled between the shield and inner race — the bearing is completely full and was greased with a commercial small bearing greaser.)

  

Although all bearings and moving components in a reel could theoretically be lubricated with oil, grease does not require as frequent replenishment, and it limits the intrusion of debris and generally protects the components better than oil.  However, there are a few downsides to the use of grease.  Grease tends to resist motion more due to its higher viscosity, and some low quality greases can dry out and harden, or can bleed.  (Bleeding is a condition where oil separates from the thickener, primarily due to age or temperature).  Early reel greases tended to harden and bleed relatively quickly, but that is seldom the case with quality modern reel grease.

  

Oil should never be added to a greased bearing, because it tends to wash out the thickener.  The net effect is the bearing will more susceptible to the entry of contaminants, and will need to be replenished sooner.  Contaminants and debris will no longer be held on the surface of the grease if the thickener washes out, and the bearing may actually wear due to insufficient contact with lubricant.

  

It’s also not advisable to mix different types or brands of grease or oils, since it can have adverse and unpredictable effects.  Some of these effects include reduction in lubricating properties, change in viscosity, additives can be diluted, and thickeners can harden or bleed.  If a new brand of lubricant is to be used, manufacturers recommend that components should be cleaned to completely remove the old lubricant.  If this is not practical, then it’s advisable to inspect the condition of the bearings more frequently to look for signs of incompatibility.  Some things to look for are hardening, bleeding, grease discoloration (typically darkening or streaking), and rougher bearing rotation.

  

It is seldom necessary to add more than a small drop of oil to a reel spool bearing.  Oil should be added to the outside of the inner race and the bearing spun slowly to distribute the oil.  Any excess oil will be spun off after a few hard casts, but the oil can splatter inside the frame, and get on magnets and the spool.

  

Oftentimes you can add lubrication to a frame bearing without removing the bearing, like when performing periodic maintenance during a fishing season.  Many reels have access or grease openings specifically designed so the grease travels to ball bearings, roller bearings and other sliding friction components.  In other cases, it may be necessary to just dab a small amount of grease on the surface of a ball  bearing, and work it into the inside of the bearing with a fingertip, dowel, or stiff brush.  If the shaft is removed from a roller bearing you can work a small dab of grease that has been applied to a small stick or dowel into the rollers and cage.  Frame bearings won’t usually use much grease anyway, so don’t get carried away with the grease.  If you see debris or foreign material on the surface of the old grease, it’s advisable to remove it with a wooden stick or similar object before adding new grease – just don’t push it into the bearing.

  

Grease can be added to a roller bearing still mounted in the frame, but it’s usually desirable to remove the load (shaft, pinion, etc), from the center of it to grease it.  Just put a little dab on the cage and work it into the side of the cage at the rollers with a small circular stick.  It won’t take much, and expect any excess grease to be pushed out when you remount the load – just be sure the excess grease won’t end up on the drag stack or other components not intended for grease.
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Always make sure a bearing is dry before re-adding grease.  If not, small droplets of water may be trapped inside the new grease, or if it’s a solvent, the small droplets can even break down the grease.  There are a few different ways to add new grease to a frame ball bearing that has been removed and cleaned:

·                     You can use a small bearing greaser to force the grease into the bearing through the open space between the shield and inner race.  These greasers are very quick and do an excellent job of completely filling the bearing, and one is shown in the previous picture.  You can make your own, or buy one.  [I intend to cover this in a future product review.]  
·                     You can also remove one of the bearing shields, pack the grease into the bearing with a fingertip, and then reinstall the shield when full.  Although you can completely fill the bearing this way, it can get quite messy and tedious, since removing and replacing a shield retainer can be a real challenge – especially when grease is involved.
·                     You can pack the grease into the bearing through the open space between the shield and inner race, by periodically putting a dab on a finger, and working it into the bearing.  However, this can also get quite messy, and one has to wonder how much of the bearing actually gets filled this way and how much thickener is actually lost in the process.
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Here’s a tip that you can use before remounting frame bearings that you’ve just greased.  Spread around a small dab of grease in the bottom and side of the socket that the bearing mounts in, before putting the bearing back in.  It will not only aid in installing the bearing back into the frame (some bearings are a very snug fit), but will also preclude corrosion between dissimilar socket and bearing metals.  (If the bearing is flanged, be sure to put a light layer of grease on the area where the flange mates into the frame.)  Pinion gear bearings seem to be the most vulnerable to frame-bearing corrosion, because the pinion itself is often made from a third type of metal, which sets up a great condition for galvanic corrosion!  If you’ve ever had to remove a pinion bearing that has been corroded into its bearing mount, you’ll appreciate this tip.
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I won’t make a specific recommendation on the brand of oil and grease to use in your reels – I’ll leave that choice to you, since there are so many.  (Besides, anglers have very strong opinions on what brand of lube is their favorite or the best to use, similar to the opinions they have on rods and reels.)  The only real recommendation I’ll make is to stay with lubricants that are designed for reels.  They really aren’t that expensive, and the additives and thickeners have been specifically developed for use in reels, and more and more manufacturers are switching to synthetic reel lubricants because of superior characteristics.  [I don’t see any advantage to using general purpose lubricants, or lubricants designed for other equipment, in a fishing reel.  Why run the risk of reel damage, by using a lube that wasn’t really intended for them?]  I have had very good success with Hot Sauce reel grease and oil, and I like its unique properties, but that is just my preference.

  

I’m often asked if oil or grease should be used in the knobs of a reel handle.  The answer to that question is dependant on a few things:

·                     Some anglers prefer the smooth and buttery feel of a greased knob when they crank their reels, although the knob doesn’t tend to spin as freely as it would if oiled.  
·                     Other anglers like the solid feel of knobs that spin quickly and with the slightest effort, and that’s fine too.  
·                     Some reels may already have grease or oil under the knobs, so you may want to just stay with what’s already there.
·                     Grease tends to hold debris on its outer surface.  Since reel handles are very susceptible to debris while shore fishing, it makes some sense to use grease in these situations.
·                     High end reels usually come with instructions that cover knob maintenance, so be sure to check for manufacturer recommendations, before making a final decision.
·                     Most anglers who only occasionally fish with their reel won’t notice much difference between a greased or oiled low profile reel handle.  But an angler who spends a lot of time on the water probably will.
  

[I personally prefer greased knobs on reels that I use for spinner baits and crank baits because they involve steady cranking, and the feel of oiled knobs for intermittent presentations like jigs and worms.]

  

Here are a few knob lube tips: Removable knobs (with bushings or bearings) are easier to grease if the knob is removed.  Always put a very light drop of Locktite on the threads at the end of knob screws so they don’t back out while cranking, and don’t over tighten them. You can restore some of the smoothness to a worn knob that is not removable, by forcing grease between its mounting shaft and the knob (usually through an end cap) – just don’t get carried away with the grease and be sure to remove, clean and rinse them first.  Knobs are vulnerable to picking up sand and other debris while shore fishing, so watch for this, and remove any debris as soon as you see it (and never set your reel on the ground).

  
Cleaning Bearings: Most reels are designed so the bearings can be removed for cleaning, greasing and replacement.  However, removal will usually involve disassembling parts of the reel, requiring 1 – 2 hours and basic mechanical skills to perform (depending on skill, cleanliness, methods used and other factors).  It may be better to remove them to clean them, but that may not be always possible.
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Many different cleaning agents can be used to clean bearings.  Some examples include: Degreasing agents like Simple Green; citrus based cleaners; and industrial solvents.  Here are some important things to remember:

·                     Solvents like mineral spirits, brake cleaning fluid, acetone, naphtha, denatured alcohol, lighter fluid, etc. are irritants, flammable and dangerous to breathe, so exercise appropriate precautions if you use them!  
·                     Never clean bearings in bleach based products, since it can damage many metals.
·                     Never clean yellow metals (copper-nickel, nickel-copper, light bronzes and brasses) in ammonia based products, since they can crack these metals.
·                     Do not get solvents on plastic or painted reel parts.  Some solvents can melt, discolor and crack reel plastics, and blemish paint.  Also do not clean rubber or poly sealed bearings, or plastic roller bearing races in solvents, unless you are absolutely sure the solvent will not affect them.
·                     Eye protection should be worn if using air to spin or dry bearing.  Bearings can become projectiles from poorly fitted bearings.
·                     Avoid the use of solvents that contain perfumes or other similar additives.  For example, the fragrances in beauty shop acetone will leave a deposit that will affect the adherence of grease, and can even blemish yellow metals and certain magnesium or aluminum alloys.
  

I like to use acetone to clean bearings (and other bare metal parts) that I’ve removed from my reels, because it totally breaks down the components and additives in oils/greases.  It also does not leave any harmful residue after it dries, so rinsing is not required.  If I cannot remove a bearing from the frame, I use Simple Green to clean the bearing and other parts of the reel in place, followed by liberal rinsing in tap water.  Spray it on, and scrub the bearing and adjacent areas with at stiff bristled brush, and repeat the process as necessary.  (However, don’t get it on drag components.)  More time and effort will be required to remove lubricants and debris, and it may help to just periodically spray the Simple Green on and let it set for a bit, before scrubbing.  You can even spray/flush it into the bearing(s) with a syringe or eyedropper.  Always be sure to rinse the bearings (and other parts) thoroughly with tap water after using Simple Green and similar cleansers.
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I prefer to clean removed bearings in an ultrasonic cleaner.  The ultrasonic action is very efficient at removing old lubricant and debris from components, even if shields are installed on the bearings.  It will not damage any of the bearing components, and will take less time to thoroughly clean the bearings.  Ultrasonic’s also have couple of subtle advantages that are of benefit.  The center race, cage and balls will slowly rotate as the bearing become clean, especially if the bearing is standing vertically on its outside race.  (This slow rotation between the balls and race tends to scrub the balls and wash away harder surface debris (like crushed silica from sand that has adhered to the balls).)  The small amount of heat produced by the ultrasonic will also help emulsify the lubricant.
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I admit that I get meticulous about my bearings (just my nature I guess), and many others won’t often go to the extremes that I do.  I put each bearing in a glass vial (~50 ml) that has been filled half-way with acetone and then put the cover on the vial.  [I use glass because you can see the acetone get cloudy as the bearing is cleaned, glass is very efficient at transferring ultrasonic motion, and acetone will not harm the glass.]  Then I put the vial in the cleaner, and add/remove water to/from the cleaner so the level is approximately the same level as acetone in the bottles (the greatest transmission of ultrasonic waves will occur if the levels are about the same).  I allow the bearing to initially clean for approximately 15 -30 minutes, depending on the cleanliness of the bearing – periodically checking the vial for cloudiness.  If the acetone in the vial gets cloudy, I’ll replace it with fresh acetone, and continue ultrasonically cleaning it for the remainder of the time.  Next, I’ll allow the bearing to soak in clean acetone for an additional 15 - 30 minutes, and will finish by final cleaning it in the ultrasonic again for 15 - 30 more minutes.  I usually rotate the bearing between each of these steps (by putting it on a pointed hard wood dowel), to drain the acetone and check the condition of the bearing.  Bearings that do not turn smoothly after cleaning, can cleaned an additional time, but most likely are permanently fouled, worn or damaged, and should be discarded.

  

I have even cleaned a few reel frames with some of the bearings installed in them, in my ultrasonic using Simple Green.  I did this more as a test to see just how clean the bearings would get, and found they cleaned fairly well.  [However, I normally ultrasonically clean my frames after tearing them completely down, because I also typically inspect the reel for damage/wear at these times.]  You may want to consider cleaning your reels with the bearings installed in the frame, if you don’t use them in harsh environments, and know that wear and damage is not very likely.

  

If you are thinking about getting an ultrasonic cleaner, here are a few things to consider.  Get one that is large enough to hold the biggest reel frame you have, if possible.  I have all low-profile reels, and the 5” x 3-1/2” opening is plenty big for a frame.  In fact, I can clean a frame and a few other small plastic parts in Simple Green, and 3 or 4 bearing vials that contain acetone, all at the same time.  That can really save time, since the ultrasonic seems to frequently become a bottleneck when I strip down, clean and re-lube a reel.  Also make sure your ultrasonic will take the rigor of cleaning a reel, since there are some very cheap models that are really intended for cleaning hard contact lens, that are made for only 5 minute duty.  You can often get a good quality ultrasonic off the internet, but can get some very nice bargains (for used ones) on eBay.  I got mine at an auction that was selling equipment from a jewelry store, for $35 dollars.  My wife even uses it to clean her jewelry too, which I tell her was the reason I bought it!

  
So, what’s a good way to clean removed bearings if you don’t have an ultrasonic?  You can still do a pretty good job of cleaning bearings if you don’t have an ultrasonic.  However, it will usually involve more time and effort to do so.  Soak the bearing in a jar of solvent or Simple Green, periodically agitating the jar to wash loosened lubricants and debris out, and periodically spinning the bearing on a pointed stick to redistribute/breakup remaining grease, and repeat until clean.  You can often look into greased bearings with a magnifying lens, or can tell by the way they spin, to determine when they are clean. (A dirty bearing can take 2 - 3 hours to clean this way, and very dirty bearings may even need to be soaked over-night.)  However, the time can be significantly reduced, if you remove at least one shield and clean it.
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Roller bearings will clean faster if you can remove the plastic cage from the outer race (they’re usually press fitted into the frame via the outer race and it can be a little difficult the first time you remove it from the frame).  The cage is usually press fitted, tabbed, or held with a retainer.  Just be careful, since the rollers will often come out of the cage and they are very small as shown in the previous picture.  Do not clean plastic roller bearing cages in a solvent unless you are sure that it will not be damaged.  (I like to clean mine in Simple Green.) Always be sure to rinse liberally with tap water after using cleansers and get completely dry before lubing them.  By the way, a can of compressed air (like you use to blow debris off a computer keyboard), will work great for quickly drying bearings.  [I don’t use a hair dryer because of the acetone I use in my workshop.]  When you reassemble the bearing, the grease will usually hold the rollers in place, while you reinstall the cage into the outer race.

  

By the way, there’s a problem with the components from the 2 roller bearings shown in the previous picture.  Can you figure out what it is? (Answer in conclusion) 

  

I’m not associated with any of the previously mentioned products.  I only identify them to give examples of what is available.  Also, the techniques, tips, etc. that I’ve provided are what work for me, and others may do things a little differently.

  

Some anglers don’t have the skills, time, facilities, interest or desire to clean and lube their reels – and that’s fine, there are many good reel mechanics available to do this for them.  Others enjoy maintaining their equipment as much as they do using it – and that’s fine too.  Just remember, if you are going to clean and lube your reels, you’ll need to ensure you have the correct tools, schematics, lubricant, time, work area, and be free from distractions ahead of time.  Also, be safe when working with solvents, compressed air, etc.

  

Conclusion: Still want to know more about reel bearings? If you do then congratulations... your graduating to the next class. A class that only the most tackle afflicted need apply. The next tutorial will go even further into bearing applications, problems and other topics. By the way...the answer to the question in the picture is (Answer:  One of the rollers is missing – each bearing takes 6 rollers.  It was found later, sticking to the bottom of the tweezers used to position the components for the picture!)
Reel Bearings 301: Maintenance, Design, and Troubleshooting
 

	[image: image32.jpg]{j:l N




Date:
	11/27/06

	Tackle type:
	Reel bearings

	Manufacturer:
	Various

	Author:
	ChuckE


Introduction: This tutorial continues to build on the fundamentals presented in Reel Bearings – 101 and 201.  It covers reel maintenance and design, common bearing problems and troubleshooting, and other related topics.
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ZPI SCI spool bearing

  

Reel Design and Maintenance: Most modern reels are typically designed and constructed so they provide years of service when properly maintained.   Materials, service and use, tolerances, alignment, part configuration, and other criteria are considered when designing today’s reels.  However problems can occur, especially when you consider the environment that reels are used in, and the fact that many anglers don’t always perform reel maintenance as often or as diligently as they should.  I’m sure we’ve all heard the stories of a reel that worked flawlessly for years without any maintenance at all, until one day…

  

The type and degree of maintenance required to keep your reel in tip-top condition will obviously depend on several factors.  The amount of time spent on the water actually using the reel, how it’s stored, the brand/model/features a reel has, what type of water you fish (e.g. salt vs. fresh), whether your reel has greased or oiled bearings, and what minor maintenance is performed (e.g. flushing, periodic mini-lube or just an occasional wipe down), are some examples of the hardware factors.  But personal factors also play a role and some examples include: how tolerant you are on performance problems; how you value your equipment; how much risk you are willing to take; whether warranty is of concern; if maintaining the reel is considered a chore or pleasure; and if you have the tools, dexterity, time and desire to do the maintenance yourself or decide to periodically send it to a professional for service.  Everyone is different and there are a lot of variables involved, so we each have to determine what we are comfortable with and what works best for our situation.

  

So, just how often should you clean, inspect and lube your reel? Unfortunately, some anglers don’t perform any maintenance on their reels until a problem develops, and then it’s often too late to prevent a major repair.  But a general rule with most fresh-water anglers is to perform preventive maintenance on a moderately used reel at least once a season.  This of course assumes the reel is protected during storage, not stored wet, and is mini-lubed (oil spool bearings, etc.) as needed throughout the season.  In addition, salt water reels may require more frequent preventive maintenance due to corrosion and frequent wash-downs.  You can do the maintenance yourself or utilize a professional service, and many techs regularly visit the Tackle Tour forum.  Regardless, always inspect components for wear, damage, abnormalities, etc. whenever you have your reel open!
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Reel manufacturers have a difficult task when they develop a new reel design.  As anglers, we not only want our reels to have ‘bling’, but we like them to also be saltwater resistant.  We often prefer they be light, yet very durable and strong.  The drag must be ultra smooth and easy to use, while still having winch-stopping power when needed.  They must be easy to maintain and provide years of trouble-free service with the least amount of effort.  Lastly, don’t forget that we want them affordable as well.  So, reel design comes down to making compromises between what is needed vs. what can be done vs. reasonable cost.  As a result, the best design or configuration may not get be used in a reel that has been targeted to a specific market or price range, due to cost.

  

A reel is only as good as the configuration, alignment and tolerances that were designed and maintained in its moving components.  That is why reel manufacturers choose extremely strong materials, tight manufacturing controls, and careful design; and is one of the reasons why high-end reels are so expensive.  In fact, it won't mater how many bearings the reel has, if the configuration, alignment or mounting of rotating components was not initially precise or was adversely changed during use, since the meshing and mating of gears and other moving components is almost entirely affected by the alignment and tolerances of the reel.  Some of the best performing reels manufactured years ago only had a couple bearings (or bushings), and they still provide excellent performance after many years!
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Meisselbach Takapart Reel Manufactured Around 1904

  

The Meisselbach Takapart reel shown in the previous photo is a classic example of a well designed and constructed reel.  It is a simple reel that was noted for its smooth performance and casting, and the frame is similar to a Calcutta.  It was cut from a brass tube.  Although the Takapart came out in 1904 and is not even a ‘free spool’ reel, you can spin the handle on one today and it will still turn freely for at least 11 seconds.  Not bad for a reel that only had two bronze bearings Meisselbach was also noted for their gear hobbing machine and they manufactured very precise gears for many other reel makers of the time. [Special thanks to Phil – Reel Old Geezer for the photo and information.]
  
When a reel doesn’t sound or feel right (assuming it has been used and maintained reasonably well), the first thing to logically suspect is the bearings.  The bearings in a reel not only facilitate rotation of components; they also ensure that gears mesh accurately, the level wind travels uniformly, the knobs turn smoothly, etc.  So, cleanliness, lubrication, and wear of bearings will have a direct affect on how the reel feels, operates and sounds.  Sure, other reel components can also wear or become damaged during use, but in many cases this was probably the result of a bearing problem, that went undetected or neglected.

  

In extreme cases (e.g. warped frame due to excessive loads during use), the bearings themselves may even experience direct damage (e.g. warped races), causing them to no longer track correctly and feel very rough.  In very severe cases, missing gear teeth, sheared drive components, and stripped idler gears, are usually a result of an impact stress.  (Reengaging a baitcasting reel during a cast is a good example of an impact stress related condition.)  Whereas, wallowed sockets, distorted bearing races, unevenly worn gear teeth and general ‘slop’ in the drive train are usually a result of rotating stresses that are often related to alignment or general wear.  (A bent spool shaft due to dropping a reel (or that no longer spins correctly and results in wallowed spool bearing sockets or distorted bearing races), is a good example where alignment caused rotational stress wear.)

 

Ball Bearing Troubleshooting: Most ball bearings used in today’s higher-end reels are precision grade radial bearings (ABEC1 and higher), made from stainless steel components.  The bearings may incorporate corrosion resistant configurations and materials (if they are endorsed for use in saltwater).  However, some lower end reels may still use chrome steel, chrome plated or other material for bearings -- which may or may not meet precision standards.  The old adage “You get what you pay for” often holds true when it comes to the internal components in today’s reel, and bearings are no exception.

  

Corrosion, cleanliness, lubricant, mounting, alignment, design, and the materials used in a ball bearing can affect their performance in a reel as described in the two previous articles in this series.  So with use, ball bearings can wear, become damaged, need lubrication, get dirty, etc. and the bearings should be the first thing to suspect when a reel doesn’t cast or crank the way it once did.  Other components in a reel may slide, mesh, rotate, etc., but ball bearings (or bushings) carry the loads and generally affect the “feel” of a reel more than anything else over time.
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Bearing Loads (left) and Loose Bearing Fit (right)

  

A typical reel ball bearing is usually not designed to carry much axial load, but rather carries mostly radial load on its center race.  In relative terms, the largest radial loads seen in a reel usually occur where pinion and drive gears are supported and aligned, followed by spool bearings (especially on larger bait casters).  [If extremely large axial loads need to be carried, some reel manufacturers may even use thrust bearings, axial ball bearings (races are side by side), angular raced bearing, or incorporate other internal configurations.]

  

Most reel bearings incorporate what is called a loose fit (or very-light interference fit) with the load that they carry.  A loose fit is where the center race is not firmly pressed onto the load, but rather employs light friction to mate with the center race, and allows some small axial movement of the load through the bearing race.  One of the advantages of a loose fit is that it helps reduce the axial load on the bearing to allow it to track better while rotating -- the net effect is the bearing will rotate with less internal friction, will feel smoother, and any vibration will tend to be dampened while it rotates.  That is why the location where the center race contacts the load may also need to be periodically cleaned and lubricated, in order to maintain the best bearing performance.  A typical ball bearing cannot tolerate much axial load before its rotation and the way it feels becomes adversely affected!

  

Spool bearing problems seem to occur more frequently than any other bearing problem reported on the various reel forums.  The reason for this is probably due to their high rotational speed, moderate and variable radial loads they carry, and lighter lubrication (when compared to other bearings in the reel).  Poor casts, strange noises or vibration during the cast, and a different feel while retrieving generally indicate a spool bearing problem (more on this later).  Drilled spools and the gap between the side of a spool and the frame can allow water, debris and foreign material to enter the bearings since oil is typically used for lubrication instead of grease.  Spool bearings can also be affected by alignment, and if you’ve ever dropped a reel from waist height onto a hard surface, chances are you’ve had first hand experience in this.  A bent spool shaft due to dropping the reel can result in major bearing alignment problems.
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Damaged Bearing Races Due to High Axial Load (Left) and Shock Axial Loads (Right)

  

Pinion gears can be especially troublesome, because they usually slide axially through the center races of ball bearings, as the reel disengages and reengages with the spool.  If their loose fit is affected by a burr, corrosion or debris, the motion of the pinion can cause the bearing to periodically see extremely high axial loads which can lead to premature wear, distorted races, and deformed sockets that the bearings are mounted in.  Stainless steel pinion bearings that have corroded into their sockets are frequently caused by the repetitive movement of a pinion bearing in its socket due to fretting.  In early stages, the reel may feel a little harder to crank than it used to be, and may also be accompanied by a slight increase in audible noise.  But as the condition worsens it will often begin to feel like meshing gears, until eventually the pinion sticks during travel and the reel will no longer engage or disengage with the spool.  The bearing race shown on the right in the previous picture shows the type of damage sustained due to a reel repeatedly reengaging during the cast (as a result of a worn clutch cam).  The race damage of the bearing on the left is typical of a pinion bearing that carried high axial loads from a pinion gear that didn’t travel as far as it should though its center race.

  

Ball bearings mounted directly under drag friction washers can also be troublesome, because they are usually mounted toward the outside of the reel where they are susceptible to fouling (e.g. corrosion, sand and debris).  This bearing is also susceptible to the grease being washed out if you regularly rinse your reel after using it in saltwater.  In addition, the drive shaft that travels through their center race is often threaded and prone to burring.  If the loose fit between the drive shaft and its center races is affected by debris or a burr, the axial movement of the drive shaft under varying drag settings can cause the handle to feel rough and noisy when cranking due to high axial load and even a slight bearing misalignment.  If left uncorrected, the ball bearing itself can prematurely wear or become damaged, which can affect the performance of the clutch bearing (causing the clutch to slip, have excess back play, or get noisy), if so equipped.  If this particular bearing gets fouled with debris, needs lube, or gets corroded, it can cause the reel to feel rougher when cranking (and can even feel/sound like you are turning a coffee grinder), especially at higher drag settings.
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Spin - First Step in Checking a Radial Ball Bearing Cleanliness and Condition

 

Ball Bearing Troubleshooting (cont'd): An easy way to generally check a ball bearing for cleanliness and condition is to first clean the bearing and then:

  

1) Put the bearing on a pencil, sharpened dowel or other similar object and spin it with a finger tip while it is positioned vertically. [Ball bearings are almost always designed to carry a load on their center race, and having the bearing positioned horizontally may not always give correct results in this check.  When the bearing is positioned horizontally, the center race is carrying a small axial load, which can affect how the balls track and the bearing rotates on some race designs.]  The bearing should spin smoothly, freely and without noise – there should be no erratic rotation.

  

Don’t worry how long the bearing rotates; because tolerances, type of balls, and the internal design and construction can affect how long the bearing spins (primarily due to the momentum of the spinning components).  In addition, some bearings may even wobble a little when doing this check and that may also be acceptable, since some race designs can cause the wobble if the bearing is not carrying sufficient load (due to insufficient pre-load).  However, even if the bearing wobbles a little, it should still rotate smoothly.  If it doesn’t rotate smoothly, the bearing may still be dirty, corroded or worn.
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Rotate - Second Step in Checking a Radial Ball Bearing Cleanliness and Condition

  

2) Holding the bearing vertically, slowly rotate the bearing while grasping it between a fingertip and thumb.  When doing this, do not put any axial load on the bearing, but instead put a slight amount of vertical (radial) load on the bearing with your finger/thumb as you turn it.  It should feel smooth as you rotate it and should not feel gritty, rough or ‘choppy’ under the slight vertical load you are placing on the outer race.  Oftentimes you may feel a rough spot when you do this check, and this usually indicates a problem with the bearing: it may indicate that the bearing is still fouled with hard debris (sand, metal, etc.); a ball is damaged; the retainer (cage) is bent, or a race is flaked (e.g. dented).  [You can often rock the bearing back and forth across this point and ‘zero in’ on the rough spot.] If the bearing feels ‘generally rough’ while doing this check, this can indicate that a race may be worn or warped, or the retainer may be distorted.

  

If either of the first two checks fails, then re-clean the bearing and repeat both checks again.  If the bearing fails either of the first two checks again, then consider replacing it.  Bear in mind that these two checks only give a general status on the condition of the bearing.  It is still possible that both checks will be satisfactory, yet the bearing will be noisy and not rotate correctly when lubed and put back into the reel.  The reason for this is that the alignment of the components and loads that are carried can have a more significant affect on how a marginally worn or damaged bearing actually rotates, and the speed the bearing rotates at in the reel will usually be a lot higher.  However, the two checks can still be used to identify the majority of problems.  (If both tests pass satisfactorily, then you can lube the bearing and slowly spin it with a finger tip to disperse the lube.)
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Damaged Races - (Left) Center Race Due to Misalignment, (Middle) Outer Race. Due to Corrosion, and (Right) Center Race Due to Mishandling (e.g. dropping?).

  

Here’s a tip that can save some heartache while you disassemble and clean your reels.  Cover your work space with a clean lint free terry cloth rag.  The terry cloth strands will help prevent parts from bouncing on your work bench and rolling away.  If you’ve ever had a precision bearing roll and fall from your workbench onto a hard floor you’ll appreciate this tip; because chances are that the bearing was damaged in the process.  A fall of this type can dimple a race, deform a retainer so that will no longer track correctly, and can even knock-out a shield on the side of the bearing.  You may not be able to readily see the damage from outside the bearing, but trust me, it probably occurred and chances are you’ll be trashing the bearing later.

  

The table below lists the symptoms, causes and solutions to several ball bearing problems.  Although the list only focuses on common problems, it can be used to troubleshoot the majority of them.

  

Ball Bearing Problems, Causes and Solutions
  

	Bearing Problem
	Cause
	Cause

	High Speed Spool Bearing - Constant Buzz or Roar sound (often accompanied by severe vibration during cast)
	Hard Debris in Bearing
	Clean

	
	Worn Races or Balls
	Replace Bearing

	
	Bearing Not Axially Aligning Correctly While Spinning
	Clean/Lube Shaft In Race

	
	Shaft Bearing Not Sitting Correctly In Socket
	Make Sure Bearing Is Correctly Seated

	
	Socket Filled With Oil
	Clean the Bearing Socket and Felt (if equipped)

	
	Spool Vibration (spool out of balance, out of round, or warped shaft)
	Spool Out of Balance/Round or Warped Shaft

	
	Spool Pin Not Centered on the Spool Shaft
	Re-center Spool Pin So It Does Not Rub On the Frame or bearing socket

	High Speed Spool Bearing - Buzz or Roar Constant With Spool Speed But Loudness And Pitch Changes With Spool Speed
	Damaged/Pitted
	Replace Bearing

	
	Internal Corrosion
	Replace Bearing

	
	Severely Fouled
	Clean and Lube

	High Speed Spool Bearing – Hiss or Rustle That Changes With Spool Speed
	Soft Debris in Bearing
	Clean

	
	Mixed Lubricant
	Clean and Lube

	
	Water Intrusion
	Let Dry-out

	
	May be normal for some ceramic hybrid bearings until they "run-in"
	NA

	High Speed Spool Bearing - Gurgling or Hollow Sound [Especially Ceramic Ball Bearings] (Changes With Spool Speed And May Also Experience Vibration)
	Overlube
	Excess Oil May Eventually Be Expelled

	
	Water Intrusion
	Let Dry-out

	
	Mixed Oil Lubricant
	Clean and Lube

	High Speed Spool Bearing - Screech, Squeel or Howl (Intermittent or May Become Constant at Higher Spool Speeds)
	Insufficient Lube
	Lube

	
	Mixed Lube
	Clean and Lube

	
	Bearing Shield Contacting Center Race
	Remove and Reinstall Shield

	
	Worn/Damaged Race
	Replace Bearing

	Ceramic/Ceramic Hybrid High Speed Spool Bearings - Rustle Sound (Often Sounds the Same at All Spool Speed)
	Insufficient Lube
	Lube

	
	Dirty Bearing
	Clean

	
	May Be Normal For Very Light Spools or Very High Speed Spools
	May Not Even Be the Bearings

	
	Spool Vibration
	Warped or Dented Spool, or Bent Shaft

	Any Bearing - Crunch Felt When Rotating Bearing By Hand at Low Speed
	Hard Debris in Bearing
	Clean

	
	Worn/Damaged Races or Balls
	Clean First Then Replace if Needed

	Any Bearing - While Cleaning Does Not Rotate Smoothly When Bearing is Positioned Vertically on its Center Race and Spun By Fingertip
	Still Dirty or Old Lube Not Removed
	Clean Again

	
	Bearing Cage Inside the Bearing May Be Warped Or Not Tracking Correctly
	Clean Again But May Need To Replace

	
	Damaged Balls
	Replace


  

The noise (both audible and vibration) that a bearing exhibits can provide a lot of information on the type of problem that it experiences.  However, bearing noise is also influenced by the manufacturer’s design and internal construction of the bearing, materials it is made from, raceway finish and internal clearances; and these last factors really don’t have anything to do with the ABEC rating of the bearing.  Noise can also result from a bearing that is not mounted correctly in its socket; the load does not fit correctly in the center race; or the bearing carries a radial imbalance from the load.  Wear, lubrication, fouling and misalignment can also produce bearing noise as shown in the previous table.

  

Here’s a tip that can preclude ball bearing damage while performing maintenance on your reel:  Applying excess force across the inner race and balls to the outer race can actually damage a ball bearing. Ball bearings are designed to support little axial load, and if you push or remove a ball bearing into a tight socket by the center race, you can damage the bearing and not realize that it even occurred. [This is more likely to occur on pinion bearings, since the socket that they mount in usually employs a precision fit to hold the bearing.  In addition, it is very easy to get a pinion bearing stuck in its socket when installing or removing it, because it gets tilted.]  Always try to remove or install a bearing into its socket by pressing on the outer race.

 

Roller Clutch Bearing Troubleshooting: Roller clutch bearings are used in many reels to prevent reverse rotation of the handle shaft and other drive components.  Some reels may also use ratchets or cogs in addition to this bearing, to ensure the spool does not rotate backward and to reduce handle back-play.  (And still, some reel manufacturers even use a clutch bearing as part of the spool; although it increases the overall weight of the spool.)  A clutch bearing essentially locks up if rotation is in the wrong direction, preventing the load (e.g. shaft, tube, handle, or collar), from rotating backwards.  Reel manufacturers sometimes refer to it as the Infinite Anti-Reverse, Roller Clutch or Shaft Roller Bearing in their schematics and parts list.
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Roller Clutch Bearing Unlocked (left) and Locked (right)

  

A typical infinite anti-reverse bearing (roller clutch bearing) uses springs that compress and allow the rollers to move freely in the normal direction. The springs also align and help position the rollers so they will lock into the tapered edges on its cage (retainer), if rotated in the reverse direction.  A few designs actually work just the opposite – where springs push the roller out of the locked position.  Regardless of the type, the rollers must be free to travel so they will lock, yet not so loose that they will slip due to insufficient friction with the shaft (load). The springs may be metal or plastic, and they are frequently molded onto the cage as shown in the picture.

  

[image: image29.jpg]Springs




Typical Clutch Bearing Cage and Molded Spring (left) and Diagram Showing the Locked Configuration (right)

  

Although a clutch bearing is a type of rolling bearing, it would be “ideal” if it did not carry much radial load.  There are two reasons for this:

  

The alignment of the shaft through a clutch bearing is very important to its operation, since the slightest amount of radial load could cause the rollers to tilt and not initially mate correctly into the tapered edges on the retainer.
The clearances between the load and the casing (or outer race on a few designs), is usually not as close as in a regular roller bearing, because you want the rollers to be able to move freely so they lock firmly between the load and the retainer.  The bottom line is that the bearing is just to ‘sloppy’ to really carry any meaningful radial load unless it incorporates many small rollers instead of a few larger rollers.
Some reel manufacturers (e.g. Daiwa and others) provide a ball bearing very close to the clutch bearing to carry any radial loads and maintain correct alignment through the bearing – and this type of design helps ensure the clutch bearing does not slip and back-play is minimized.  In addition, manufacturers can often reduce the overall weight of the reel by eliminating the need for a heavy clutch bearing race and metal cage, if they use a ball bearing near the clutch bearing.  Since the trend in recent reels is to reduce the overall weight of the reel, more and more manufacturers are starting to use a ball bearing at the clutch bearing to carry radial loads.

  

Clutch bearings can wear, become fouled, need to be lubed and get damaged similar to other bearings in a reel.  When this occurs, the bearing may not lock; it can slip, chatter or feel rough; or the reel can have more handle back-play than it once did.  In addition, the type and amount of lube used on some clutch bearings can also result in similar problems, due to the design configuration of the reel.

  

Some of the more common problems encountered on roller clutch bearings are provided in the table below.  Typical causes and solutions are also provided.  However remember, clutch bearing and anti-reverse schemes can vary, so the table may not be completely representative of all reels.

  

Clutch Bearing Problems, Causes and Solutions
  

	Bearing Problem
	Cause
	Cause

	Excess handle back-play (more than it once did)
	Fouled bearing
	Clean

	
	Worn/damaged springs
	Inspect/replace

	
	Worn/damaged tapers
	Inspect/replace

	
	Outer ball bearing damaged
	Check bearing and its socket/replace

	Slipping (very excessive back play)
	Fouled bearing
	Clean

	
	Worn/damaged tapers on edges of cage
	Inspect/replace

	
	Worn rollers (or surface they contact on load)
	Inspect/replace

	
	Excess lube/too light a lube
	Clean and re-lube

	
	Outer ball bearing worn
	Check bearing/replace

	Chattering (in reverse direction)
	Similar to slipping
	Similar to slipping

	
	Cage installed backwards (after doing maintenance?) or not installed all the way into the housing
	Check orientation of cage in case and make sure the retainer is flush with the housing

	Rough (or noisy)
	Fouled bearing
	Clean

	
	Damaged roller(s)
	Inspect/replace

	
	Damaged spring(s)
	Inspect/replace

	
	Outer ball bearing worn or dirty
	Clean/inspect bearing and replace if necessary

	
	Insufficient lube
	Check ball bearing and its socket

	
	Handle shaft affecting outer ball bearing alignment and rotation
	Check handle shaft for corrosion, burr, etc. where it fits on center race

	Chattering or noisy (in forward direction)
	Debris in bearing
	Clean

	
	Worn cage
	Inspect/replace

	
	Needs lube
	Add lube

	
	Handle shaft bearing fouled or worn
	Check condition of shaft bearing near clutch

	Not Locking (after cleaning/adding lube)
	Grease is too heavy or oil is too viscous (possible over lube?)
	Clean and switch to lighter lube (or don’t add as much lube)

	
	Cage installed backwards
	Check orientation of cage in the case and insure it is mounted completely into the case

	Slipping (after cleaning/ adding lube)
	Grease or oil viscosity too low
	Clean and switch to a heavier lube (or don’t add as much lube)

	
	Metal springs installed backwards
	Check orientation of springs

	
	Cage not sitting properly in case
	Check to ensure cage is flush with case (and case is mounted properly in frame)

	
	Outer roller bearing not seated correctly or damaged
	Check condition of roller bearing located near clutch bearing

	Slipping/Not Locking in low temperatures or excessive back-play in low temperatures
	Lube affected by temperature
	Switch to a different lube (possibly clean and re-lube with less lube)

	
	Moisture affecting movement of rollers
	Dry out bearing and consider re-lube


  

In a strange twist on things, you actually need some friction for a clutch bearing to work properly.  Without friction, the rollers may not move correctly into the locking tapers on the cage or may not lock on to the shaft once they get there.  However, too much friction (e.g. due to the viscosity of the lubricant) can also prevent the rollers from moving correctly.

  

A few reels (e.g. some Shimano’s and Abu’s), are especially prone to slippage or not locking due to a lack of a ball bearing near the clutch bearing, and the number of rollers and angle of the tapers on the bearing retainer.  Although most problems with these reels seem to occur while using certain lubes and/or in cold weather, users have adopted one of three general approaches to preclude problems from occurring (you will have to determine what works best for your Shimano or Abu reel and situation):
Don’t do anything to the clutch bearing if at all possible.  If it works fine, don’t try to fix it.  (Some reels have been known to work properly over a few seasons with the clutch bearing not re-lubricated – especially if the reel is stored and otherwise reasonably maintained.)  If you eventually have to clean it, then do either of the two below.
 

Only wipe a very small amount of lube on the rollers when servicing the bearing.  One small drop of oil on a stick or dowel can be used to put a light-thin film on all of the rollers.
 

Only put a very small film of grease on the clutch tube when servicing the bearing.  The grease on the tube will be sufficient for proper operation as it spreads through the rollers.
The condition of the springs and cages on a clutch bearing can also affect how well it performs.  Springs can lose their spring force over time and they can wear, corrode, become distorted or flattened with use.  Polyethylene and nylon cages are especially prone to damage from debris, and their tapers can thin due to the frequent contact with the rollers.  So be sure to also inspect the springs and cages when cleaning the bearing.  By the way, keeping a roller bearing clean is the best way to mitigate wear of plastic and nylon cages.

  

Conclusion: Could there possibly be more?! If you have completed Bearing 101 through 301 then your well on your way to becoming a bearing connoisseur, but ChuckE still has more bearing wisdom to teach the committed. Were not yet done exploring the ins and outs of bearings and the next tutorial will go even further into reel bearing applications. Stay tuned!
