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If you are sitting down to write a PM for roller chain and you have never done it before, here is 

the first thing to understand: chain will run issue-free if you apply just a little bit of precision in 

how you handle it. 

The good news is that chain maintenance is not complicated once you understand the failure 

modes. If you make sure it’s always maintained to standard it won’t have issues. 

This guide will walk you through the logic behind each need roller-chain has so you can write 

work instructions that make sense to a technician, do great maintenance yourself, or build a 

program that prevents failures instead of just documenting them after the fact. 

These are the standards that make roller chain reliable. 

  

1. Understand chain pitch 

Before you write a single PM task, you need to know what chain you have. You can look to see it 

it’s stamped on the side.  

If you cannot read it, you can just measure one link with a ruler. 

Here is how ANSI roller chain numbering works: the number encodes the pitch directly. Every 

multiple of 10 in the chain number equals 1/8 inch of pitch. A #40 chain has a 1/2-inch pitch (4 x 

1/8"). A #50 chain has a 5/8-inch pitch. A #80 chain has a 1-inch pitch. If the chain number has a 

suffix like "-2" or "-3," that is the strand count — a #50-2 is a double-strand #50 chain. 

Why it matters:  Pitch is the baseline for elongation measurement. If you don’t know what size 

it is, pitch is how you figure it out.  

When you measure chain wear, you are measuring how much each joint has worn by looking at 

how much the overall length has grown relative to nominal pitch. If you do not know the pitch, 

you cannot calculate whether the chain needs replacement. 

  



2. Know How Chain Actually Fails (So Your PM Targets the Right Things) 

Roller chain fails in four main ways: wear elongation, fatigue, corrosion, and lubrication failure. 

Understanding which failure mode dominates in a given application tells you what to inspect 

and how often. 

Wear Elongation 

This is the most common and desirable failure mode in industrial chain. It does not look like 

stretching. The steel is not deforming elastically. 

What actually happens is the pins and bushings wear against each other at the contact interface 

every time the chain articulates around a sprocket. Each joint develops a tiny amount of slop. 

Multiply that across every link in the chain and you get measurable elongation. 

When the elongation gets large enough, the chain starts riding high on the sprocket teeth 

instead of seating cleanly in the root, and you get tooth-on-tooth impact that accelerates wear 

on both the chain and the sprocket. 

The mitigation is proper lubrication.  A film of oil at the pin/bushing interface prevents metal-to-

metal contact and dramatically slows the wear rate. More on this in Section 4. 

Fatigue 

Fatigue failures show up as cracked side plates or broken pins and is indicative of repeated 

overload. 

If you see this, the chain was running at or above its rated load, possibly due to crashes or jams 

or just a chain that’s undersized for the application. 

A fatigue failure in one link means the rest of the chain has been similarly stressed and the 

whole chain should be replaced, not just the broken link. 

Note: Crashes and overload like this can cause stretch as well… and it may not be uniform across 

the chain. 

Corrosion 

Rust stiffens articulation, accelerates pin/bushing wear by introducing abrasive particles into the 

joint, and weakens side plates. 

In corrosive environments, standard carbon steel chain is the wrong part. 



Stainless steel, nickel-plated, or other corrosion-resistant chain will dramatically outlast 

standard chain in wet or chemically aggressive applications. 

If you’re seeing oxidation on chains in a machine, change them. The life of a chain is 

substantially improved by corrosion prevention. 

Specifically, if you have a wet environment with stainless equipment, you need stainless chains.  

Galvanic corrosion is a common parasitic issue that’s poorly understood.  In that environment, 

the stainless machine frame actually consumes the cheaper steel.  

If the machine is stainless and it’s a wet environment, buy stainless chains. 

Lubrication Failure 

Lubrication failure causes rapid wear elongation and looks like accelerated version of the first 

failure mode. 

The telltale sign is a chain that is dry, discolored, or has a reddish-brown rust residue despite 

operating in a nominally dry environment. 

This is the most preventable failure mode and should never happen if your PM program is 

functioning correctly. 

  

3. Alignment: The Thing That Kills Chain Faster Than Anything Else 

Here is what misalignment actually does to a chain: it imposes a lateral load on the side plates 

that the chain was never designed to carry. 

Chain is designed to transmit force along its length in tension. The side plates are not structural 

members in the lateral direction. 

When a chain has to run slightly sideways because the sprockets are not in the same plane, the 

edges of the link plates wear against the faces of the sprocket teeth. 

The chain wears from the sides instead of from the pins. The sprocket teeth develop diagonal 

wear patterns. 

You will replace chains and sprockets repeatedly and wonder why they keep failing — and the 

answer is alignment. 



There are two alignment problems to check for. Work through both of them on every drive in 

your program. 

Axial Alignment (Are the Sprockets in the Same Plane?) 

Axial misalignment means the two sprocket faces are offset from each other; they are not on 

the same plane. 

The chain crosses the span at an angle. This is the more common of the two alignment 

problems and the one most often introduced when a sprocket is repositioned on a shaft without 

checking the alignment. 

To check it: lay a straightedge or a rigid bar across the face of both sprockets and look for gaps. 

On a properly aligned set of sprockets, the straightedge contacts both faces flat along its length 

with no gap at either end. A gap at the near end means the near sprocket is inboard. 

A gap at the far end means the far sprocket is inboard. The direction of the gap tells you which 

way to move which sprocket. 

On using a straightedge:  Some engineers will tell you a laser alignment tool is the only 

acceptable method. 

They are not wrong that lasers are more precise. But for many drives, especially short runs, a 

straight-edge will produce wear results consistent with the design life of the chain. 

Use a laser if you have one; use a straightedge if you do not. Just use something. The drives that 

get no alignment check at all are the ones that chew through chain every six months. 

Angular Alignment (Are the Sprockets Parallel?) 

Angular misalignment means the sprockets are in the same plane but not parallel to each other: 

one is cocked at an angle relative to the other. 

This is less common than axial misalignment but harder to detect visually. The chain will twist 

slightly as it crosses the span. Look for diagonal wear on sprocket tooth faces, and for a chain 

that consistently wants to ride to one side of the sprocket even after you have confirmed axial 

alignment is correct. 

Angular misalignment is also introduced by a sprocket that is not perpendicular to its shaft.  This 

can be because the bore was finished inaccurately, because a bushed sprocket was mounted 

incorrectly, or because the shaft itself is deflected. 



If you find a drive where a bushed sprocket was recently installed and the chain is running rough 

and noisy, check whether the bushing was fully seated and oriented correctly before assuming 

the sprockets need to be repositioned. 

When to Check Alignment in Your PM 

Alignment should be verified on a scheduled basis: quarterly is appropriate for most drives, 

monthly for high-speed or high-load applications. 

It must also be checked any time a bearing is replaced, any time a sprocket is repositioned, and 

any time you see wear patterns that suggest side loading. Anything that could affect the 

alignment calls for a check. 

It is also affected by bearing wear.  If you’re letting bearings run until they’re loose, that will 

actually drive bad alignment… and allowing bad alignment will drive bad alignment habits. 

Alignment prevents damage.  Everything that negatively affects alignment negatively affects 

chain life. 

  

4. Lubrication: The One Thing That Determines Whether Your Chain Interval Matters 

You can set a perfect inspection interval and still have a chain PM program that does not work if 

lubrication is not right. 

Lubrication is not a secondary consideration. It is the primary mechanism by which chain life is 

controlled. 

 A properly lubricated chain on a well-aligned, correctly tensioned drive will last years. The same 

chain running dry will be scrap in a few months. 

Here is what lubrication is actually doing: it is maintaining a film of oil between the pin and the 

bushing at the point where they articulate as the chain wraps around the sprocket. That 

interface is where the wear happens. If there is oil there, the pin and bushing slide on an oil 

film. If there is no oil there, they slide on each other, and microscopic material is removed with 

every articulation. 

The Visual Standard for Lubrication 

Teach your technicians this: a properly lubricated chain should always appear slightly wet. Not 

dripping, not pooling, but slightly wet. 



If you look at a chain and it looks dry, dull, or dusty, it is under-lubricated and is wearing faster 

than it should be. 

This is your fastest field check and it should be on the most frequent PM for each machine.  If 

someone forgets to fill the lubricator and it’s running dry… you want to catch that quickly. 

The two exceptions to the "always wet" standard: 

1) If it’s a chain conveyor where something is being carried on the chain.  This likely will be run 

dry.  

2) If it is a high-contamination environments. In applications where the chain runs through 

heavy dust, grain, or abrasive particulate, a wet chain acts like flystrip and it collects abrasive 

material that then grinds into the pin/bushing interface from outside. 

This creates a different and often worse wear mode than running dry. In those environments, 

the correct answer is a sealed-joint chain (O-ring chain) that keeps the lubricant inside the joint 

and the contaminants outside, or a dry lubricant such as a wax or PTFE-based product. 

Lubrication Method 

The method of lubrication matters too. 

Oil needs to reach the pin/bushing interface which means where you apply oil matters. 

The best place to apply oil is on the inside of the chain run (the side facing the sprocket) on the 

slack side where the chain is momentarily not under tension and the joints are most open. 

On a manually serviced drive, this means applying oil to the inner surface of the chain while it is 

moving, not spraying the outside (obviously consider how you can do this safely, not always 

feasible). 

For continuously running drives, manual lubrication every 8 hours is the baseline. 

Drip lubrication systems that deliver oil a slow drip to the inner chain surface are a significant 

upgrade that simplify chain oiling and improve chain life. 

Use a good-quality petroleum-based non-detergent oil. Detergent oils are designed to suspend 

contaminants in suspension for filter capture.  On a chain, they just carry abrasive particles into 

the joint. 



Match viscosity to chain size and ambient temperature; the manufacturer's table is the right 

reference. In cold environments, lighter oil is needed for penetration. In high-temperature 

applications, a heavier oil maintains film thickness. 

  

5. Chain Tension: The Right Number and Why It Matters 

Chain tension is the Goldilocks problem of chain maintenance. 

Too tight and you are loading the pins, bushings, and shaft bearings beyond their design intent 

which will accelerate wear and potentially cause bearing failures that have nothing to do with 

the chain itself. 

Too loose and the chain slaps, vibrates, and can ride up the sprocket teeth (a phenomenon 

called sprocket climbing), potentially throwing the chain entirely. 

The Tension Standard 

For horizontal drives under normal load conditions, the standard is 1/8 inch of deflection from 

centerline per foot of center-to-center distance between sprockets. 

This is the number to put in your work instructions and on your PM checklist. It is field-practical, 

consistent, and derived from industry standards. 

How to apply it: measure the center distance between your two sprockets. Multiply by 1/8 to 

get the target deflection in inches. Apply moderate thumb pressure at the midpoint of the slack 

span and measure how far the chain moves. 

Example: a drive with 24-inch sprocket center distance should deflect approximately 1/4 

inch.  (1/8” per foot between sprockets, from centerline). 

Adjustments to the standard:  I’ve never seen an application where the 1/8” deflection per foot 

between shafts isn’t reliable.  However, there are references that indicate variability based on 

drive configuration. 

Vertical drives need tighter tension because there is no gravity-assisted catenary on the slack 

side to stabilize them. 

Drives with shock loading, frequent starts and stops, or reversing operation should run at the 

tighter end of acceptable deflection. Inclined drives fall between horizontal and vertical 

depending on the angle. 



Tension Degrades Over Time — Plan For It 

New chain is manufactured to nominal dimensions but has not yet worn in. 

The pin/bushing interfaces will seat slightly during the first hours of operation and the chain will 

gain a small amount of slack. This is normal and expected; it is not a defect. 

What it means for your PM program is that tension must be verified after the first shift on a new 

chain installation, and again at the 50-hour mark. After that, incorporate tension into your 

standard PM interval. 

As chain elongates over its service life, the slack side will gradually lengthen. Most drives have 

some take-up adjustment built in: a slotted motor mount, an adjustable idler, or a take-up unit. 

When you exhaust the available take-up adjustment on a drive, you have two options: remove 

links to shorten the chain or replace it. 

Don’t just let your chain run loose.  A tension problem will compound into an alignment and 

sprocket wear problem quickly. 

  

6. Structuring Your Inspection: Frequent vs. Infrequent Tasks 

Here is the organizing principle for every PM: inspect the things that prevent wear frequently, 

and inspect for the wear itself infrequently, but on the scale it should happen. 

Lubrication, tension, and alignment are the mechanisms that control wear rate. If any one of 

them drifts out of spec, wear accelerates immediately. 

Lubrication and tension should be checked on your most frequent PM cycle.  They’re fast to 

check and fast to destroy a chain if they’re wrong. 

I think alignment should be an intermediate check.  We should check it every time we touch a 

sprocket/shaft/gear… but because it shouldn’t move unless something failed I don’t see it on a 

high frequency check. 

Wear measurement itself (elongation and sprocket tooth profile) changes slowly when the 

fundamentals are right. A longer duration measurement is appropriate for most applications. 



The goal of the wear measurement is to replace the chain before it ever causes a problem.  If 

you find a chain at 3% elongation during your monthly check, that is a planning success.  You 

have time to order and schedule the replacement. 

Frequent Tasks: Every Shift or Weekly 

These go on the operator or technician's daily/weekly walk form. They are quick visual checks, 

not measurements: 

• Chain appears wet: Lubrication condition 

• Tension looks right: No visible sag, slap, or vibration in the chain run 

• Running quietly: No grinding, clicking, or metallic slapping 

 Less Frequent Tasks: Monthly 

These go on the technician’s PM. They are quick visual or tactile checks: 

• Shaft bearing play on sprocket shafts — excessive play changes effective alignment 

• Lubrication method condition — drip rate on drip systems, oil level in bath systems 

• Side plates intact: No cracks, deformation, or bright spots on side plates (bright steel = 

something is rubbing) 

• Connecting link: Clip oriented with closed end in direction of travel; side plate fully 

seated 

• Guarding: Guards and enclosures intact; no openings enlarged or damaged 

• Alignment verification with straightedge: axial and angular 

 Periodic Tasks: Quarterly or less 

These are wear checks that require attention and don’t need to be checked often because the 

wear should be slow. 

Once your techs start measuring the elongation on chains, they’ll start to know how long chains 

last under the different conditions they see.  That knowledge will make them much better at 

maintaining chains. 

• Elongation measurement across a 10-link span; document and report 



• Sprocket tooth profile inspection: look for hooked teeth 

  

7. Measuring Elongation — and Reading What It Tells You 

Elongation measurement is the core wear check in your chain PM. Here is how to do it correctly 

and how to interpret what you find. 

How to Measure 

Pull the chain taut on the tight span (or apply light tension manually on a shut-down drive). 

Using a steel tape or a dedicated chain wear gauge, measure pin-to-pin across a 10-link span. A 

chain gauge is made to center on the pin, but if you’re using a ruler/tape, you need to make 

sure you measure from the same spot on the first pin to the same spot on the last pin. 

Compare that measurement to the nominal dimension, which is 10 times the chain pitch. The 

difference expressed as a percentage of the nominal length is your elongation. 

Example: a #50 chain has 5/8-inch (0.625") pitch. A 10-link span nominal length is 10 x 0.625 = 

6.25 inches. If you measure 6.375 inches, elongation is (6.375 – 6.25) / 6.25 = 2.0%. 

Measure multiple sections of the chain, not just one. Crash damage can stretch just part of a 

chain.  If you have varying stretch that’s worth finding and if it’s substantial, could be worth 

replacing. 

The 3% Replacement Threshold 

Replace any chain measuring 3% or more elongation over nominal. 

For precision applications (indexing, high speed, or reversing drives) you may choose to replace 

sooner. 

The reason for the limit is not just that the chain is worn, but that a chain stretched 3% is now 

riding significantly higher on the sprocket teeth and loading the tooth tips rather than the roots. 

The drive is inefficient, noisy, and accelerating sprocket tooth wear with every rotation. 



Uneven Elongation: The Crash Signature 

Normal wear produces relatively uniform elongation across the chain. When you measure 

dramatically different elongation in different sections of the same chain (say, 1.5% in most 

places and 4% in one short run of links) you are looking at an impact event. 

A jam, a foreign object, a sudden overload, a moment where the chain was asked to absorb an 

energy spike it was not designed for. Those links were plastically deformed. They are 

permanently longer than the rest of the chain. 

This matters because you cannot tension a chain with uneven elongation correctly. When the 

long section is properly tensioned, the short sections are overtight. When the short sections are 

right, the long section is floppy. The chain runs rough, the drive vibrates, and the sprockets wear 

unevenly. 

The answer is full chain replacement, not a splice repair. 

When you find uneven elongation, also ask what caused it. The failure mode investigation is 

part of the PM response.  Whatever caused the overload event needs to be documented and 

addressed so it does not repeat. 

What Sprocket Teeth Tell You About Chain Wear History 

When you pull a chain for elongation measurement, also look at the sprocket teeth. A well-

maintained drive running correctly produces uniform wear on the tooth faces. 

A worn-out chain produces a specific and recognizable pattern: as the chain elongates and rides 

higher on the teeth, it contacts the leading edge of each tooth rather than the root. Over time 

this creates a hooked or "shark fin" profile where one face of the tooth is worn away while the 

other remains near-profile. 

Shark-tooth sprockets must be replaced. 

A new chain on a shark-tooth sprocket will immediately begin battering the rollers against the 

hooked tooth faces and will wear out at a fraction of its normal service life. 

Chain and sprocket replacement should always be evaluated together. When you plan a chain 

replacement, budget for sprocket replacement at the same time. 

  



8. When Chain Keeps Wearing Too Fast — What To Do 

If you are replacing chain on a drive more than once a year and you have already confirmed that 

lubrication, tension, and alignment are correct, the drive is likely overloaded. 

Either it was undersized from the start or the actual operating load has grown beyond the 

original design parameters.  

That does happen in manufacturing as throughput increases, product weights change, or line 

speeds go up. 

Upsizing Sprockets to Reduce Chain Load 

The torque being transmitted through the drive is something you may not be able to change, 

that is dictated by the process. 

But the force that torque imposes on the chain is a function of the sprocket pitch radius. 

Force equals torque divided by radius. Larger sprockets have larger radii. All else equal, upsizing 

both sprockets on a drive reduces the chain tension required to transmit the same torque. 

That is to say that if you have two 10 tooth sprockets carrying a given load and speed, I can 

reduce chain tension by half if put two 20 tooth sprockets on it… and that won’t affect load or 

speed while it’ll dramatically reduce chain tension. 

Upsizing sprockets also reduces the shear force on the shaft at the sprocket location. If you are 

seeing accelerated bearing wear or shaft bending/fatigue cracks alongside rapid chain wear, the 

shaft is overloaded too. Upsizing the sprockets benefits the entire drive system, not just the 

chain. 

You have to make everything fit to make this kind of swap, but this is somethings the right 

answer when repeated maintenance fails to solve the problem. 

Match Replacement Parts Correctly 

One of the most common causes of rapid wear after a chain replacement is installing the new 

chain without replacing worn sprockets, or vice versa. 

A new chain has a perfect pitch and will seat in the root of a new or lightly worn sprocket. 



A worn sprocket with hooked teeth will force the new chain to contact the tooth tips, and the 

new chain will wear to the sprocket's elongated pitch geometry within a short time. 

Always evaluate chain and sprockets as a set. 

  

9. Additional Topics for a Complete PM Program 

The Connecting Link: An Overlooked Critical Point 

The connecting link (also called a master link) is how the chain is joined into a loop. It is, 

structurally, a slightly different link design than the rest of the chain, and on spring-clip type 

connecting links, it is the weakest point in the assembly. 

Your PM must include a specific check of the connecting link on a periodic inspection. 

What to check: the spring clip must be fully seated in both pin grooves. The closed end of the 

clip (the end without the opening) must face in the direction of chain travel. This is not a 

suggestion. A clip installed backwards, with the open end forward, can catch on a sprocket tooth 

or on debris and eject under load. 

When that happens the connecting link opens and the chain disassembles at speed. This is a 

safety event, not just a maintenance failure. 

It is not recommended to reuse a spring clip after it has been removed. 

The clip is a single-use fastener. Put a note in your PM work instruction: "Install new spring clip. 

Do not reuse old clip." 

On high-load or high-speed drives, you may specify a rivet-type connecting link, which is 

equivalent in strength to a standard chain link. 

Chain Selection for the Environment 

The right chain specification for the environment is a PM program design decision, not just a 

procurement decision. 

If you are writing a PM for a chain that runs in a wet washdown zone and the chain is currently 

standard carbon steel, you are writing a PM for a chain that will rust, stiffen, and fail rapidly no 

matter how good your maintenance is. Fix the specification. 



As a general guide: wet or chemically aggressive environments call for stainless steel or nickel-

plated chain. 

Heavy particulate environments (grain, cement, wood flour, carbon black) call for sealed-joint 

chain to keep abrasives out of the pin/bushing interface. 

Food and beverage applications may require NSF-compliant lubrication and FDA-compliant 

materials. 

Get the specification right and your maintenance intervals become achievable. Get it wrong and 

you’ll incur more work and expense than necessary. 

Chain Guides and Wear Strips 

Long unsupported chain spans, common in conveyor applications, will sag, oscillate, and 

eventually contact adjacent structure or product. Chain guides (also called wear strips or chain 

rails) support the chain laterally and prevent this contact. They are appropriate on any span 

longer than about 5 feet depending on chain weight and speed. Include inspection of chain 

guide condition (wear depth, cracking, debris accumulation) in your periodic PM. A guide 

loaded with abrasive debris becomes a grinder, not a guide. 

They need to be kept clean. 

Offset Links — Use Them Carefully 

An offset link (half link) allows you to adjust chain length by a single pitch when the drive 

geometry does not come out to a whole-link chain length. 

They work, but they are not as strong as standard links for most chain manufacturers. Do not 

use offset links in high-load or high-speed applications if you can avoid it. 

Noise as a Diagnostic 

A healthy roller chain drive runs quietly. Technicians and operators who walk their equipment 

regularly will notice when a drive starts sounding different. Build that expectation into your PM 

culture: if a chain drive sounds different, that is an inspection trigger, not something to note and 

ignore. Rhythmic clicking or slapping usually means loose tension or a stiff link. Grinding or 

metallic screeching usually means lubrication failure. A repetitive irregular pop may be a 

damaged roller or a stiff link catching on a sprocket tooth. None of these will resolve 

themselves… and they all get worse. 



 10. Putting It Together: Sample PM Checklists 

Use these as starting templates. Adapt intervals and specifics for your application, environment, 

and risk tolerance. 

  

SHIFT / WEEKLY WALK CHECK 

ITEM WHAT TO LOOK FOR / DO 

Lubrication 

Chain appears slightly wet. If dry or dull there is an issue with 

your oil application interval.  Check oiler or oil application 

process. 

Tension 

No visible sag or slap. Chain runs smoothly without vibration 

or oscillation.  Deflection on pull should be 1/8” per foot 

between shafts from centerline. 

Noise 
Drive runs quietly. Investigate any new clicking, slapping, or 

grinding. 

Side plates 

No cracks, deformation, or bright spots of fresh steel on inner 

plate faces.  No metal filings accumulating under the chain 

sprockets. 

Connecting link 
Spring clip present, fully seated, closed end facing direction of 

travel. 

Guarding 
Guards intact. No enlarged openings, missing fasteners, or 

bent sections. 

  



PERIODIC INSPECTION 

ITEM WHAT TO MEASURE / LOOK FOR 

Chain elongation 

Measure 10-link span in 3-4 locations. Record and trend. 

Replace if any segment at 3% or more over nominal. Flag 

uneven elongation for root cause investigation. 

Sprocket tooth profile 
Inspect tooth faces for hooked wear. Replace shark-tooth 

sprockets before installing new chain. 

Alignment 
Straightedge check across both sprocket faces. No gap at 

either end. Investigate any diagonal wear on teeth. 

Side plate wear 
Inspect for thinning. Plates worn 5% or more have lost 

significant integrity. 

Shaft bearing play 
Check for play in sprocket shaft bearings. Excessive play 

changes effective alignment and indicates bad bearings. 

Tension measurement 
Apply moderate thumb pressure at midspan of slack side. 

Target 1/8" deflection per foot of center distance. 

Lube system condition 
Verify drip rate, oil level (bath systems), or spray coverage as 

applicable. 

Connecting link 
Remove and reinstall with new spring clip if any question 

about seating or condition. 

  



ON CHAIN REPLACEMENT 

ITEM ACTION 

Sprocket condition 

Inspect tooth profile before installing new chain. Replace 

shark-tooth sprockets. Never run new chain on worn 

sprockets. 

Alignment Verify and correct before new chain goes on. 

Run-in re-tension Re-check and adjust tension after first 8 hours of operation. 

50-hour check 
Re-check tension again at 50 hours. New chain settles during 

run-in. 

Connecting link 
Install new spring clip. Confirm closed end faces direction of 

travel. 

Root cause 
If chain failed prematurely: identify and document cause 

before closing work order. 

  

 


