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Chainsaws serve as one of the primary tools used by logging corporations, ranches,
and farms for forestry management. Lubricating oil remains one of the heaviest
operational expenditures for chainsaws. This largely in part due to chainsaw lu-
brication being a total loss system in which nearly all lubricating oil applied is ex-
pelled during operation. The majority of lubrication research is focused on mit-
igating component breakdown due to wear or the inclusion of more environmen-
tally friendly lubricating oils. Little research is available to the public on the im-
provement of chainsaw lubrication so that less lubricant can be used during oper-
ation. Patents and products exist that aid in lubricating chainsaw cutting systems
but few are capable of reducing the lubricant required. An investigation into the
current lubrication method of a chainsaw cutting system was conducted using a
standard sprocket nose guide bar and accompanying saw chain. Testing utilized a
lab-based test apparatus for controlling and operating the chainsaw cutting sys-
tem along with an infrared camera for collecting steady-state guide bar temperature
measurements. Observation of the guide bar’s thermal profile during operation in
a controlled environment aided in the design of a concept prototype. Preliminary

free-running tests with varied oil-input flow rates indicated a 75% reduction in oil



flow rate while achieving the same steady-state maximum guide bar temperature
was possible using the concept prototype. Developing this concept further into a
prototype guide bar, a free-running test was conducted to compare the prototype
to the standard guide bar. This tested both standard and prototype guide bars at
161b and 221b chain tension along with oil flow rates of 0.8mL/min and 3.3mL/min.
The prototype guide bar operated at lower maximum guide bar temperatures at
the 0.8mL/min flow rate at both 16lb and 221b chain tension settings. Lastly, three
replicates of the prototype and standard guide bar conducted 1,400 bucking cuts
from which the wear on the guide bar rails and the stretch of the chain were mea-
sured. The prototype guide bar rails measured less average wear than the standard
bar at 0.8mL/min flow rate. The saw chains used on the prototype guide bar also
measured less stretch than those used on the standard guide bars at the same flow
rate. The testing conducted indicated the prototype guide bars potential for reduc-
ing the amount of lubricant required while maintaining a similar amount of compo-

nent wear.
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1 Introduction

The process of wear is one that takes time and energy with each material in contact
handling this action differently. Methods of reducing wear such as changing material
properties via hardening or using lubricants to separate surfaces have been practiced
for hundreds of years. By far the biggest mitigation to wear has been the application of
proper lubricants. Wear is defined as the removal of material through erosion or usage,
the usage portion of this definition being rather difficult to get rid of. Lubrication
serves as a means of separating two materials in contact with one another so that
the asperities in contact do not break and exacerbate erosion. In almost all metal to
metal contacts, there is a form of lubricant that is required to maintain a long life
for the components. The technology and formulation of lubricants is a field that is
still pursued to this day and individual companies continue to seek out specialized
lubricants based on their application. One such application is cutting, of which there
are many forms of cutting that can take places, such as shearing, punching, chip
forming, and abrasive cutting. Most of these forms of cutting require lubrication
to some degree whether it be for friction reduction, heat dissipation, or the fluid

boundary layer.

The separation of material via cutting is an aggressive process that is used heav-
ily in many manufacturing processes. Lubrication while cutting is often necessary
to relieve the thermal stress on the cutting tool and cutting media caused by the
separation of material. The majority of cutting experiences heat buildup and heat

production in either the workpiece, tool, or cutter. The source of this heat buildup



and production is often from cutting material plasticity, friction between the piece
being cut, and operation friction of the tool. The one caveat to this is high feed
forces during fast-paced cutting, this will increase all these conditions thus elevating
the temperature. This elevation of temperature will reduce the life of the components
and degrade material properties as the operation continues. Thus, lubrication is very
important during operations such as these in that they reduce heat production and

reduce friction through the separation of the materials in use.

The logging industry performs cutting operations daily, for extended periods, and
under harsh and various cutting conditions. In the United States, the logging industry
cut an estimated 42.2 billion board feet wood in 2017 alone [1]. The chainsaw is a
common tool for professionals in the industry and has been used in operations over
the last century. Chainsaws typically fall into two categories handheld or harvester.
Handheld chainsaws are portable chainsaws, typically gas or electric, and are used by
average homeowners, ranchers, or even professionals, this is what the vast majority
of users have experience with. Harvesters are very similar except the components
are much larger and stronger and are only mounted to industrial logging equipment
as they are typically hydraulically powered. Some logging operations utilize only

chainsaws, some utilize only harvesters, and some use a combination of the two.



Figure 1: Handheld chainsaw cutting system

Harvester and handheld chainsaws are comprised of two systems, the powerhead,
and the cutting system. The powerhead’s sole purpose is to generate and transfer
power to the cutting system using either electric, combustion for handheld and hy-
draulic motors for harvesters. The cutting system of a handheld chainsaw in figure
1 consists of a drive sprocket, guide bar, and a saw chain. The drive sprocket is
connected to the powerhead output shaft which is then used to move the chain at
high speeds. The guide bar is connected to the powerhead via mounting bolts and is
designed to guide the chain around the contour for cutting. The guide bar contour is
designed in such a manner so when the saw chain is tensioned onto the guide bar the

saw chain may slide freely along the guide bar rails.

Exposed Rivet Cutter Tooth Depth Gauge

Rivet Hole

Tie Strap  Drive Link

Figure 2: Saw chain component break down

The saw chain is an assembly broken down in figure 2 and is comprised of cutters
and drive links that are riveted together with tie straps. The cutter link in figure

2 is comprised of the cutter tooth that cuts the wood and the depth gauge which



controls the depth of cut. These two features are set and held at a specified difference
in height so that when sharpening the saw chain, the depth of cut remains the same.
This depth of cut is important to maintain to achieve optimal performance of the
chainsaw while cutting. The drive links in figure 2 engage with the drive sprocket
that transfers power from the motor. The drive links ride inside the guide bar groove
and are shaped as such for clearing out the groove as it fills with debris. The drive
links also pick up the lubricant as it is pumped into the guide bar groove at the upper
tail section in figure 1. Finally, the tie straps serve to hold the assembly together
with the footprints on both the tie straps and the cutter links sliding across the guide
bar rails. The wood is comparably soft and tends to vary in moisture content, grain
density, and grain orientation which can make cutting forces highly erratic. This
variation has been observed within a single 30-inch section of the same 10-foot cant
of wood. A cant of wood is defined as a piece of wood with generally three sides that

have been sawn and are thicker than two inches.

Cutter Link Footpff"

Figure 3: Underside view of saw chain showing the footprint wear on a cutter link

As these cutting forces change so does the feed rate of the cutting system which
in turn affects the normal forces applied by the saw chain to the guide bar. The
footprints on the cutter link of the saw chain bear the brunt of this normal force, as
such, they require proper lubrication to mitigate wear visible in figure 3. Significant

wear locations on the saw chain include the footprints of the tie straps and cutter



links and the drive link rivet holes.

Lubricant is used to mitigate the heat generation and production in the cutting
system caused by the saw chain and guide bar interaction. Lubricants act as a means
of reducing friction between interacting surfaces and act as coolants reducing com-
ponent temperatures. Reducing friction between the two sliding surfaces of the tie
strap and cutter link footprints and the surface of the guide bar rails, along with
the rivets on the drive links is the primary goal of chainsaw lubrication. A variety
of bar and chain lubricants exist specifically for this application, commonly tailored
for extending the life of the cutting system. The accuracy of these claims varies and
is difficult to quantify in the field. Extensive testing on the lubricants themselves
and their performance on the cutting system has been done recently and serves as
a stepping stone to further increase the life of the components. All too common do
professionals in the field purchase bar and chain lubricants to use alongside whatever
is available to them on the job site. Many loggers avoid the price of the bar and chain
oils and use vegetable oils or waste oils to save money. An investigation into the per-
formance characteristics of bar and chain oils used on cutting systems was conducted
by Suryan [2] and looked at the multiple factors affecting lubrication performance
while cutting. A separate study was conducted by Orawiec [3] finding that some
economy bar and chain oils along with the organic oils, performed better than their
premium counterparts. In these studies, a method of comparing lubricants based on
their thermal profile during free-running and cutting was used as the temperature
was found to be a surrogate to wear at locations on the guide bar. A measurement
of a lubricants performance on an active cutting system was thus developed for the

analysis of lubricants or features claiming to aid in lubrication.

Attributes of the lubricant have been designed to reduce the coefficient of friction



and to better entrap the lubricant onto the cutting system as all lubricant applied is
virtually lost to the environment during operation. This is what is called a total loss
system, and many designs have been tested in an attempt to improve lubricant appli-
cation within the cutting system itself. The soft nature of the wood and the exposure
to a variety of often harsh environments makes it difficult to properly lubricate the
cutting system. Fine debris particles are developed during operation and can adhere
to the cutters and chain and even build up along the inner rails of the guide bar.
Components of the chain are designed to aid in expelling material from the system
during operation, yet some debris will remain. Improvements to the bar and chain de-
sign have been made in the past to aid in ensuring proper lubrication and mitigation
of lubricant starvation. Nevertheless, lubricant starvation still occurs due to cutting
media and chainsaw usage varying at each job site and each end user. Some of the
features developed are now obsolete while some remain in products today. A feature
capable of reducing the lubrication required while maintaining the same performance
and wear characteristics should be the goal in any lubrication feature on chainsaw

products.
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2 Literature Review

Improved lubrication in chainsaws has primarily been focused on the lubricant
being applied, a few publications exist on the comparison of different types of bar
and chain oil. These focus on reducing the wear on the cutting system through better
lubricant attributes or focusing on the effectiveness of alternative lubricants such as
organic oils. Organic or biodegradable lubricants offer a reduction in toxicity to the
environment during use. Toxicity is a large concern with a chainsaw because they
are total loss systems. Skoupy [4] found that roughly 55-85% of the oil applied was
captured by the sawdust with 3-15% remaining on the timber surface, and 10-35%
ending up on the ground. In a study conducted by Popovici [5], a professional logging
firm recorded five months of consumables such as lubricating oil and found that for
the 660m? of cut timber, 116.5 L of lubricating oil was consumed during this time.
The wastefulness of the total loss system might be unavoidable but dampening the
effect on the environment and the end-user is surely an effort many have attempted

to address.

2.1 Standard Chainsaw Lubrication Method

Most forestry guide bars apply lubrication through the tail section of the guide
bar, lubricant is pumped from the reservoir in the powerhead to the bar pad at the
tail of the guide bar. Then a simple hole in the bar aligns with the oiling outlet on
the bar pad so that lubricant may flow into a hole in the guide bar. It then fills the

groove in the tail section for the saw chain drive links to pick up as it passes by, this



is known as the standard method of lubrication. This method is quite simple and
effective so long as the lubricant flow rate is high enough. The standard method of
measurement for adequate lubrication is to run a chainsaw near the ground or tree
trunk and inspect for small amounts of expelled lubricant. This visual cue is the
method that is described in the owner manuals for the vast majority of chainsaws
on the market. This archaic benchmark for proper lubrication serves the industry
as guide bar manufacturers are largely interchangeable with different powerheads.
Individual preferences for lubrication vary widely from user to user and as such most
professional chainsaw powerheads come with adjustable flow rate settings. Flow rate
adjustments are done with the engine off and are repeated until only small amounts
of lubricant are observed being expelled. Industry experts at Blount International
have determined flow rates can vary on average between 3.3-30mL/min for a variety
of handheld chainsaw cutting systems. The former being on smaller 14-inch guide
bars and the latter being on 35-inch guide bars. This flow rate range serves as a guide
for this work as the optimal flow rate is highly subjective to individual users. The
standard method applies lubrication to the saw chain before entering the effective
cutting region on the guide bar. The effective cutting region begins a few inches
from the bar mount pad just past the dog teeth on the chainsaw powerhead. The saw
chain serves as both the object in need of lubrication and as the transport mechanism
for lubricant around the guide bar. This method while effective, uses more lubricant
than what is potentially required as a large amount of it is lost in the operation of

the chainsaw.



2.2 Methods of Improving Lubrication

A means of improved lubrication was focused on including features into the cutting
system to aid in lubrication. Many forestry companies have designed such features
claiming to aid in lubrication, although few have accomplished this in a manner of
enabling less lubricant to be used. One method of lubrication enhancement is through
the means of alleviating lubricant starvation events or the probability of such events.
Lubrication starvation can occur during the operation of the chainsaw as the sawdust
and debris accumulate in the groove of the guide bar. Fine particle debris and oil
can impede the straight oiling hole in the guide bar thus clogging and depriving the
system of proper lubrication. Two particular methods exist for mitigating lubricant

starvation and both are patented concepts from the 1970s.

The first method is an angled oiling hole patented by Outboard Marine Corpora-
tion [6] and exists on guide bars from various chainsaw manufacturers. The angled oil
hole aims to defeat lubricant starvation by making the outlet angle of the oiling hole
on the guide bar more in the line of travel of the saw chain rather than perpendicular
to the direction of travel. The purpose here was to make it difficult for dust and debris
to obscure the oiling hole while the chain passes through the tail section of the guide
bar. The angled oiling hole would be harder to clog than a straight oiling hole that
is perpendicular to the direction the saw chain travels. The simple design of angling
a hole becomes a challenge to manufacture when such an angle has costly tolerances
needed for implementation. While not impossible this remains a costly feature that
guide bar manufacturers typically offer on only a few professional models and does

nothing to reduce the lubricant required.

The second method is an angling of the oiling hole cross sectional area and was



patented by Textron Inc [7]. The nozzle like feature mitigates lubrication starvation
by accelerating the lubricant, making it harder to become clogged by sawdust and
debris. The nozzle like oiling hole offers a simple method to mitigating lubricant
starvation and certainly has the capability to work. Yet it faces a similar problem in
manufacturing as side laminates on some guide bars can be between 0.040-0.078 inch
thick. The tolerance required for this method faces severe challenges and as such is
not found in modern guide bars. This feature is a good addition to guide bars but

does not claim or show evidence of reducing the lubricant required.

A modern feature on many Oregon products is called Lubri-Dam and is a feature
on the guide bar that prevents oil from traveling down towards the tail section. This
is done with a small dam located on the center laminate of the guide bar just behind
the oiling hole. The oil will pool up here rather than traveling down the groove to
the tail section, thus Oregon states a significant increase in lubrication film thickness
on the guide bar rails [8]. While oil is gathering by the dam it is brought closer to
the drive links. Similarly, STIHL’s Ematic Lubrication System also attempts to aid
in bring lubricant closer to the drive links. The Ematic system utilizes ramps placed
near the oiling hole to contain and bring the lubricant to the drive links on the saw
chain [9]. From here STIHL’s OILOMATIC grooves on each drive link guide the
lubricant to the critical wear areas on the saw chain rivets [10]. STIHL states that
the utilization of this system is capable of reducing the lubricant required by up to
50%. Both companies make claims to the effectiveness of their prospective systems
and both features have been available for around the last 20 years or more. The
fact remains that loggers still desire a chainsaw that uses less lubricant and are still

looking for a means to reduce lubricant cost while maintaining the same wear.

Another saw chain lubrication feature is found on Oregon saw chain and is called

10



Lubriwell and Lubrilink. The Lubriwell feature consists of a hole in the drive link
of the saw chain for carrying more oil to the nose but also serves to lubricate the
inner walls of the guide bar groove [11]. The Lubrilink feature is on the tie straps
and attempts to retain lubricant in a raised recess portion of the tie strap inner side-
wall. These two features are unique in that they focus on entrapping the lubricant,
which for a total loss system is an ideal approach to increasing lubricant efficiency.
The entrapment of lubricant on the Lubrilink and Lubriwell saw chain components
only allow for a minimal amount of lubricant to be held within these features. Im-
provements to the Lubriwell design have been patented by Blount International [12]
with the hopes to further improve lubrication of the drive link and aid in removing
material and debris from the guide bar groove. The Lubriwell and Lubrilink features,
while aiding in the current effort for lubrication do not appear to be able to reduce
the amount of lubricant required as the primary focus is on entrapment, and only so

much lubricant can fit inside these features during continuous use.

Another feature for enhancing chainsaw lubrication aims to utilize leftover lubri-
cant near the nose sprocket. This feature is found on replaceable nose sprockets the
of Titanium XV harvester bar and was recently patented by GB Forestry [13]. Like
the standard method, the lubricant is applied to the upper tail section of the guide
bar where it is common for some lubricant residing at the bottom of the groove to
make its way towards the nose of the guide bar. This happens as a side effect of the
saw chain drive links picking up the lubricant, resulting in lubricant being pushed
in the direction of travel of the saw chain. Rather than being flung off by centrifu-
gal force at the nose, this feature utilizes channels cut along the inner walls of the
nose sprocket laminates to aid lubrication. These channels connect the bottom of
the groove to the inner bearing assembly inside the nose sprocket. The nose sprocket

picks up the saw chain off the bar rails as the saw chain rounds the nose of the guide
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bar. For guide bars with nose sprockets, when the saw chain makes contact and wears
at the tip of the nose this is deemed to be the guide bar’s end of life as exponen-
tial wear of the cutting system is imminent. This feature means to elongate the life
of the guide bar by using what lubricant would be thrown off to extend the life of
the bearing assembly and thus the guide bar. The channels at the nose rely on the
lubricant to make it from the tail to the nose via the bottom of the groove. This
groove is known to accumulate sawdust and debris not to mention its exposure to the
varying elements. The debris accumulation and lubricant expulsion during operation
mean that potentially the same if not more lubricant is speculated to be required to
achieve the lubrication enhancements. Thus, it does not claim to provide a means
of enhancement that any sort of reduction of lubricant required would be possible

whereas it does aim to elongate the life of a critical component.

Lastly, a concept that has been patented but is no longer implemented on com-
mercial products in forestry is a guide bar with oil channels [14]. The oil channel
concept was patented in 1990 by Sandvik AB and aims at improving the lubricant
being applied by applying it closer to where it is needed. This concept connects the
oiling ports on the tail section to the ends of the upper and lower-middle section of
the center laminate. This feature was implemented on laminated bars consisting of 3
sheets of material welded together typically. The two outer laminates are identical in
every way and the center laminate is smaller and shorter to create the groove shape
in the bar leaving room for the chain and nose sprocket assembly. The oil channels
would deposit lubricant to the bottom of the drive link tangs at the edges of the
center laminates next to the nose sprocket. This concept works to bring lubricant
closer to locations of visible wear and to also lubricate the nose sprocket assembly. It
is speculated that this was unable to improve lubrication as the lubricant applied at

the bottom of the groove near the nose relies on the saw chain having enough of an

12



interaction with the lubricant. Distances between the bottom of the groove and the
tip of the drive link can vary but can be as large as 0.038 inches and tend to fill with
debris, thus limiting the interaction between the two. This concept of spraying lubri-
cant at the bottom of the drive links before they encounter the nose sprocket would
vary in its effectiveness as different lubricants and working conditions would affect
the fluid mechanic properties that this so relies on. As such no claims of reduced
lubrication are made and would appear to prioritize the nose sprocket assembly for

wear reduction and prolonged life.

2.3 Lubrication Performance Measurement

The evaluation methods for lubrication have changed over the last century as
technology has progressed creating a way for improved measurement methods for
lubrication. In tribological studies, there is a strong correlation between improper
lubrication and temperature from frictional heating. Using this known relationship
chainsaw cutting systems were analyzed with infrared cameras or thermocouples to
observe the thermal profiles and temperatures of the cutting systems during operation.
Doing so has many advantages while also requiring strict operating parameter control
when conducting tribological studies on a chainsaw cutting system. Stanovsky [15] at-
tempted to distinguish the difference between vegetable-based bar and chain oils and
synthetic used motor oil in a field experiment with actual chainsaw equipment and an
infrared camera and found no significant difference between the two. A large contribu-
tor to this outcome is that many parameters such as humidity, air temperature, chain
speed, cutting forces, and wood characteristics were not sufficiently controlled. A
lab-based apparatus was needed for studies such as this and to this end Nordfjell [16]

created a test apparatus for simulating cutting loads in a controlled environment.

13



This experiment utilized an electric motor to operate the cutting system that had
a saw chain with no cutters on it. This was done so that the cutting system could
be lowered onto a rubber wheel which would simulate cutting while using a thermo-
couple to measure temperature on the guide bar. Lubricant testing was conducted
under these conditions and was able to adequately co