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ABSTRACT
IMPROVING SAWMILIL RESIDUE CHIP QUALITY

by

Robert D. Wallace

The primary objective of this study was to improve
residue chip quality at high production southern pine
sawmills. A general economic analysis suggested that
improving sawmill residue chip quality could be beneficial
to both pulp and sawmills.

Studies were conducted at several sawmills to determine
methods of improving residue chip quality. The first study
examined the composition of material entering a residue
chipper. Trim ends and oversize chips contributed the most
pieces, but only 10% of the residue weight. Two-foot trim
blocks accounted for the remaining material, 90% by weight.
A number of these pieces resulted from slashing entire
boards or cutting longer trim lengths into 2-foot pieces to
élear them from the mill.

Two studies were conducted to examine the possibility
of leaving trim in longer lengths to improve piece
orientation and stability. Both studies found significant
improvements in chip quality, the overthick chips decreased
while the percentage of acceptable chips increased. Chip
quality improved with each incremental increase in trim

length, but increasing trim length to four feet alone



accounted for 50% of the overall improvements. Four-foot
trim lengths would generate an additional 4-5 tons of
acceptable chips per day for the sawmill.

Feed conveyor loading was found to affect chip quality.
Highest chip quality was achieved when the feed conveyor was
half-full, two or three pieces entering simultaneously. An
overloaded conveyor produced higher percentages of large
chips, whereas chipping single pieces increased the
percentage of smaller chips.

The effect of seasonal temperatures on pin chip and
fine production at southern pine and hardwood chip mills was
examined as a secondary objective. The pin chip and fine
content at the hardwood mills increased as temperatures
decreased, but variability in species and inventory obscured
the relationship. Southern pine chip mills experienced 4-5%
increases in the pin chip and fine content during winter
months. Pin chips and fines increased 1% for every 10°F

drop in temperature.
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CHAPTER 1
INTRODUCTION

Sawmills produce several by-products in the course of
producing lumber, of which residue pulp chips usually have
the greatest market value. Sawmills are in business to
produce lumber and, until recently, have not given much
consideration to residue chip quality. During good times,
sawmill managers view residue chips as a way to dispose of
sawmill waste, not a valuable product. During tight
economic times however, residue chip sales often provide a
sawmill’s profit margin.

Sawmill residue chips are a major component of the pulp
mill chip furnish. Approximately 35% of the weight of a
pine log entering a sawmill leaves in the form of chips,
accounting for over 73 million tons of residue chips yearly
(Leary and Stuart, 1991). 1In 1988, sawmill residue from
southern pine sawmills constituted 25% of the total raw
material supply for southern pulp mills (Dubois et al.,
1991) .

A pulp and paper manufacturer benefits in several ways
from sawmill residue chips. Wood chip production and
purchase constitutes the single largest cost of pulp

production (Hatton, 1987; Forbes, 1984). Residue chips can



be purchased at a nominal cost since sawmills are looking
for ways to dispose of their residues. Residue chips also
provide a flow of raw material that is usually unaffected by
short-term weather patterns. The majority of residue chips
produced are "clean" chips, free of contaminants such as
bark or sand that affect pulping.

Chip quality has a direct effect on both pulp yield and
pulp quality (APA, 1992). Individual pulp mills, within the
past decade, have refined their definition of optimum chip
size and are continually re-evaluating chip quality as
pulping processes and requirements evolve. They have
documented the effects of unacceptable chip size fractions
on the pulping process and pulp quality.

Overthick chips (generally greater than 8-mm thick)
need more than one pass through the digester to dissolve all
of the lignin. Extra passes reduce the mill’s digester
efficiency. Pin chips and fines (undersize chips) produce
lower pulp yields and the resulting pulp has considerably
less strength. Smaller chips also blind recovery screens

and create handling problems.



BACKGROUND

This project originated, in part, from the findings of
two previous studies investigating southern pine sawmill
residue chip quality which explored the effects of chipper
disk speed, knife angle, and anvil condition. Different
forms of mill residue were used in each test including 6"x
6" cants (control), edgings, and trim blocks. Under all
conditions tested, trim blocks consistently produced the
worst quality chips. Trim blocks produced the highest
percentage of overthick chips, along with large gquantities
of pin chips and fines.

Improving chip quality from trim blocks was determined
to be equally beneficial to both pulp mills and sawmills.
Sawmills could enhance their chip revenues and pulp mills
could increase their pulp yield per ton of chips.

Trim blocks result from trimming a "finished" green
board to length or removing excess wane to yield a higher
grade board. Modern sawmills currently produce four types
of trim (zero, top, grade, and slashing), each
differentiated by length or the trimming objective. Trimmer
optimizers utilized at these mills generally produce the
trim in two lengths: less than six inches and two feet in
length. The short trim (zero and some top) results from
removing normal trim allowance from lumber that meets grade
specifications. Some 2-foot pieces (grade and some top

3



trim) are produced when trimming the lumber by multiples of
two feet to remove wane. Two-foot pieces are also produced
from slashing entire unacceptable boards to clear them from
the mill.

Previous studies by Leary and Stuart (1991) and Edelman
(1992) examined the effect of wood temperature on sawmill
residue chip quality. Both studies found that wood chilled
(36°F) and frozen (below 32°F) produced higher percentages
of pin chips and fines than wood at ambient temperature.
The difference in pin chip and fine production from wood
chilled and frozen was not significant however. Increases
in the percentage of pin chips and fines produced from both
tree-length and residue material that freeze in northern
climates is well known (Hatton, 1975). However, southern
mills rarely experience severely cold temperatures for
extended periods. Milder climates of the South have given
little reason to suspect that chip quality was affected by
seasonal temperatures. At the present time, the magnitude
of this effect is not known, or only speculative at best.

Several days were spent at southern pine sawmills
watching residue chippers and the material entering them to
develop ideas for improving trim block chip quality without
major capital investments. Several of these observations
were especially important. First, there was no set
orientation of a trim block relative to the chipper disk

4



prior to chipping. Secondly, smaller material did not have
the necessary weight to remain in the chipper throat during
chipping. Much of this material consisted of trim ends (one
or two inches in length) from the "zero" saw and rejected
oversize chips. Blowing vanes attached to the disk of top
discharge chippers create an air dam that does not allow the
smaller pieces to enter the chipper under their own power.
Smaller pieces build up until a larger piece would come
along and push everything through the chipper.

Occasionally, the chipper throat would become congested with
smaller material and a trim block correctly oriented in the
infeed conveyor would become misaligned after hitting and

pushing the pile through the chipper.



OBJECTIVES
The primary objective of this study was to identify
ways of improving residue chip quality. The study was
divided into several parts to identify areas where
improvements would be most beneficial and to evaluate
possible solutions. The second objective of the study was
to better define the relationship between pin chip and fine

production and daily temperature in a "temperate" climate.

The specific research objectives were to:

1) Document and delineate the material entering a
sawmill residue chipper at a modern sawmill and
the chip furnish produced by this material.

2) Generate possible solutions for improving trim
block chip quality.

3) Estimate how much could be invested by a sawmill
to improve trim block chip quality.

4) Document the effect of seasonal temperatures on
the production of pin chips and fines at a
southern saw and chip mill.



CHAPTER 2

LITERATURE REVIEW

Nolan (1963) characterized chip quality in the past as
something everyone talked about, but did nothing about.
Opinions have changed as technology and pulping processes
have changed. The quality of chips that a pulp mill uses
affects operating efficiency, profits, and to some extent,
effluent discharge. Overthick chips and fines are either
unused or require additional expense to process (Robinson,
1987). Uniform, high quality acceptable chips can be pulped
under precisely controlled conditions to produce maximum
yields and quality.

Much of the research directed toward improved chip size
uniformity has centered on roundwood and whole-tree
chipping. Only a slight portion of the research has been
associated with the sawmill residue furnish, the source most
often criticized for its poor quality (Crammond, 1985).
After improving roundwood chippers, emphasis shifted to
improving chip screening systems. Improved screening will
help improve chip uniformity, but reprocessing screen

rejects increases costs and results in fiber loss.



CHIPPERS

Many sawmill residue chip quality problems can be
traced back to the chipper. In fact, when talk centers
around improving chip quality, the chipper is often the
place where it can be improved the most (APA, 1992).

Sawmill residue chippers are essentially a scaled-down
version of those used to chip tree-length or roundwood
material. The overall configuration is virtually the same
except a residue chipper usually has fewer knives, a smaller
disk, and requires less horsepower. Typically a 36- to 60-
inch, 3-6 knife chipper is used for all residue. Unlike
roundwood, each residue component is distinctively different
in form, regularity of presentation to the chipper disc, and
reaction during chipping. The ideal situation would have a
separate chipper for each type of residue (slabs, edgings,
and trim blocks), but this is not economically justifiable
at most sawmills (Veuger, 1976).

Bergman (1985) reported that maintaining good control
of chipping equipment and residue chips was the first step
in achieving good chip quality. Furthermore, chip quality
is a function of chipper operation and maintenance
(Robinson, 1987). For example, sharp knives produce 3-5%
more acceptable chips than worn knives regardless of the
knife setting (Horng, 1986). Excessive wear to the infeed
spout also produces more pin chips and fines (APA, 1992).
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Maintenance not only leads to higher chip quality, but
reduces power requirements and extends machine life.

The internal operation of a disk chipper does not vary.
However, there are several ways to deliver material to the
chipper and to discharge the chips from the chipper.

INFEED

There are two basic methods commonly employed for
feeding material to residue disk chippers, gravity or drop
feed and horizontal feed. The three typical spout locations
(2 horizontal and 1 gravity) are shown in Figure 2.1. Spout
locations A and C (gravity and horizontal, respectively) are
the most typical of sawmill residue chippers, while a few
use the above the shaft horizontal infeed (B). Some
sawmills have modified these basic infeeds even further to
assist in material control and feeding.

Horizontal Infeed

The horizontal infeed is most commonly used. It
provides more initial control of the approach and feed rate
of the material (Hartler, 1986). Vibrating conveyors have
been found to provide the greatest control and are most
commonly used. They shorten the dead spot between the
conveyor and chipper disc preventing plug-ups (McLauchlan
and Lapointe, 1979). Conveyors are sometimes altered to
provide a greater degree of control (Robinson, 1987). Any
feed conveyor used should deliver material to the chipper at

9



Figure 2.1. Spout locations in relation to a clockwise
rotating disc (Hartler, 1986).
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a rate 10-15% slower than the chipper feed rate to ensure
the disc does not get overtaken by the material (McLauchlan
and Lapointe, 1979).

Gravity Infeed

As the name implies, gravity assists feeding on a drop-
fed chipper. Unlike a horizontal infeed, material entering
the machine is raised above the chipper throat. Passing
over a tip point, it then slides down a sloping steel chute
into the disc. The sloped chute orients the material to
chipper disk while keeping it parallel to the chute contour
(Robinson, 1987).

The infeed chute is designed to smooth the transition
from the conveyor to chipper, but its effectiveness is
limited to material lengths of eight feet and less
(McGovern, 1979). A gravity infeed chipper is best suited
for short, heavy material (Veuger, 1976). Longer material
generates more momentum when it falls because it must be
raised higher to enter the chipper (Stuart, 1993).

FEEDING

Much of the research on material throughput for
woodyard chippers can possibly be applied to residue
chippers. There has been some debate on feeding material,
in a bundle (full infeed) or 1 or 2 logs at a time. One
advantage of bundle feeding material is that it increases
machine utilization (Hartler, 1986). Hartler also reported

11



that chip quality improved if the bundle were controlled as
it was fed. Robinson (1987), however, found that chip
quality normally suffers when the infeed is full. Likewise,
Crowley and Wardwell (1961) found that a higher percentage
of long chips are produced when more than 1 or 2 logs are
fed at the same time.

Material alignment and feeding difficulties can arise
when multiple pieces are fed. A constant, uniform feed
angle undoubtedly improves chip quality (Robinson, 1987).

He reports the optimum spout angle to be 34-45 degrees when
chipping logs (Figures 2.2 and 2.3). In addition to uniform
feeding, material stability during chipping influences chip
quality. Material should be held and chipped against the
vertical anvil (Veuger, 1976; Robinson, 1987). Movement
during chipping creates different infeed angles and
generates higher percentages of overs and fines (Robinson,
1987) .

Well maintained chippers are self-feeding. Proper
feeding is essential to sustain chip uniformity and
formation (Hartler, 1986). If the material is not fed at
the proper rate and angle, chances of splitting and
increased compression damage to chips is possible. The feed
rate is controlled by the "pull-in," or clearance angle, of
the knives and is directly associated with chip length
(Figure 2.3). The importance of the proper angle is

12
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