View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by SFA ScholarWorks

Stephen F. Austin State University

SFA ScholarWorks

Faculty Publications Forestry

1991

Relative performance of hardwood sawing
machines

P H. Steele

M. W. Wade

Steven H. Bullard
Stephen F. Austin State University, Arthur Temple College of Forestry and Agriculture, bullardsh@sfasu.edu

P Araman

Follow this and additional works at: http://scholarworks.sfasu.edu/forestry

b Part of the Forest Management Commons
Tell us how this article helped you.

Recommended Citation

Steele, P. H.; Wade, M. W,; Bullard, Steven H.; and Araman, P, "Relative performance of hardwood sawing machines" (1991). Faculty
Publications. Paper 51.
http://scholarworks.sfasu.edu/forestry/S1

This Article is brought to you for free and open access by the Forestry at SFA ScholarWorks. It has been accepted for inclusion in Faculty Publications

by an authorized administrator of SFA ScholarWorks. For more information, please contact cdsscholarworks@sfasu.edu.


https://core.ac.uk/display/72732708?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://scholarworks.sfasu.edu?utm_source=scholarworks.sfasu.edu%2Fforestry%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.sfasu.edu/forestry?utm_source=scholarworks.sfasu.edu%2Fforestry%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.sfasu.edu/forestry_department?utm_source=scholarworks.sfasu.edu%2Fforestry%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.sfasu.edu/forestry?utm_source=scholarworks.sfasu.edu%2Fforestry%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/92?utm_source=scholarworks.sfasu.edu%2Fforestry%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
http://sfasu.qualtrics.com/SE/?SID=SV_0qS6tdXftDLradv
http://scholarworks.sfasu.edu/forestry/51?utm_source=scholarworks.sfasu.edu%2Fforestry%2F51&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:cdsscholarworks@sfasu.edu

RELATI VE PERFORVANCE OF HARDWOOD
SAW NG MACHI NES

Philip H Steele
Associ ate Professor
M ssi ssi ppi Forest Products Laboratory
M ssi ssippi State University
M ssissippi State, M5 39762

M chael W Wade
G aduate Research Assi stant
and
Steven H. Bullard
Associ ate Professor
Departnent of Forestry
M ssissippi State University
M ssissippi State, M5 39762

Philip A Araman
Proj ect Leader
USDA Forest Service
Brooks Forest Products Center
Bl acksburg, VA 24061

ABSTRACT

Only limted information has been avail able to har dwood
sawm | |l er on the performance of their saw ng nmachi nes.
This study anal yzes a | arge database of individual machine
studies to provide detailed information on 6 nachine types.
These machine types were band headrig, circular headrig,
band |inebar resaw, vertical band splitter resaw, single
arbor gang resaw and double arbor gang resaw. Kerf wdth
and wi thin-board, between-board and total saw ng variation
val ues are given with an analysis of their origin in

i ndi vi dual machine characteristics. Feedworks and setworks
type and sawbl ade thi ckness and type general |y determ ned
machi ne type perfornance.

| NTRODUCTI ON

| ndi vi dual s involved in the design, managenent, and
mai nt enance of sawmlls require up-to-date information on the
performance of sawing machines. Initial choice of a saw ng
machine and its nonitoring over time are both difficult if
performance standards are not avail able.
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The inportant variables that indicate relative performance
are saw kerf width and sawing variation. For softwood saw ng
machi nes, a rel ative abundance of information on kerf w dth

1,2,4,6,9,17,18,20) and sawing variation val ues
4,5,8,16,17,19,20) is available.

Only limted information is available on the relative
performance of hardwood sawi ng machines. Robichaud (14) conpared
the characteristics of horizontal and vertical bandsaws. He
reported kerf and saw ng precision values for four horizontal and
four vertical bandsaws and found no significant difference
bet ween the nachi nes.

The objective of this study was to provide infornmation about
t he conversion characteristics of hardwood sawi ng machines and to
determne statistical differences between them

ANALYSI S PROCEDURES

Sawm || | nprovenent Program (SIP) studies on saw ng machi nes
in hardwood sawri||s provided the data for this analysis. The
SIPis a cooperative effort of the USDA Forest Services’ State
and Private Forestry, and state forestry organizations. These
SIP studies represent results of 221 sawm || studies conducted on
266 individual machines in 26 states.

Random neasurenents of the width of at |east 10 saw teeth
from each sawbl ade were averaged to provide kerf width val ues.
Al t hough research on one machine type has shown that kerf w dth
exceeds average neasured sawtooth wdth by 7.0 percent (12) , an
average sawtooth w dth was consi dered an adequate estimator of

actual kerf width for the relative conparisons nade in this
anal ysi s.

Maxi mum and m ni mum measurenments were made on each of 100
random y sel ected sanpl e boards and sawi ng variation val ues were
cal cul ated based on these neasurenents. nversion factors
devel oped by Peterson and Erner (12% were applied to the saw ng
variation val ues conmputed to nmake them conparable to those
conputed by the Brown analysis of variance method (3) which is
the industry standard. The adjustnents nade to obtain val ues

conparable to the Brown nmethod assunme four random neasurenents
per board.

Sawi ng variation values for 4/4, 5/4, 6,4, and 8/ 4 National
Har dwood Lunber Associ ation thicknesses (11) were pooled to
obtain nmean values for wthin-board, between-board, and total
sawing variation. This increased the sanple size of saw ng
variation values available for each nachine type.

120



The |east significant difference (LSD) nethod at the 0.05
| evel, adjusted for unequal sanple size (7,15) , was enployed for
conpari son-of -neans tests. Results of LSD tests are shown
graphically with differences in neans sunmmarized by horizonta
lines at the top of the graphs. For those neans connected by a
horizontal line, the LSD test showed no significant difference.
The vertical bars in Figures 1 to 4 indicate = 1-standard
devi ation val ues about the mean value for each machine type.

RESULTS
Kerf Wdth and Wthin-Board Sawi ng Variation

Saw wander during sawing is often a function of saw bl ade
thickness and resultant kerf width. Wthin-board saw ng
variation is the conbined neasure of saw wander and feedworKks
accuracy (3), Wen conparing nachine types, saw wander can
soneti mes be separated from feedworks performance if sawbl ade
types and/or thicknesses are the sanme but feedworks differ.

D fferences in within-board sawi ng variation_may then be assuned
to be the result of feedworks performance. For” machines wth
simlar feedworks but different blade types, differences in

W t hi n-board sawi ng variation nmay be attributed to bl ade type
and/ or bl ade thickness differences.

Despite the nmuch thinner kerfs of band headrigs, nost
har dwood sawm | I's use circular headrigs because inserted-tooth
circular saws are easier to maintain. Because the circular
headrig can be maintained by the sawer, a filing roomand saw
filer I's unnecessary. Easy maintenance reduces overhead costs

and results in savings that are inportant to small hardwood
sawm | | s.

The circul ar headrig sawbl ade typically has a |arge di aneter
of 48 to 60 inches. The ?U|dance system consi sts of a hardened
bl ock, usually of wood, of 1 to 1 1/2 inch dianeter placed on
both sides and near the outside edge of the bl ade. hese bl ocks
steady the blade and prevent dramatic bl ade wander, but the
thickness, and resulting stiffness, of the blade is the main
mechani cal bl ade-stabilizing device.

Conparison of the kerf widths for circular and band headri
are given in Table 1 and Figure 1. The average circular headri
kerf width was 0.282 inch conpared to 0.162 inch for band
headrigs. This amounted to 0.120-inch nore wood required to
produce a board froma circular conpared to a band headrig.
Figure 1 shows that these values were significantly different.

The choice of circular over band headrig can be seen to result in
consi derable |oss of fiber.

gs
g

Wt hin-board variation is a measure of the feedworks
accuracy and saw wander of the sawblade in the cut (3). Band and
circular headrigs enploy simlar feedworks so that differences in
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W t hi n-board sawi ng variation probably result fromdifferences in
bl ade performance. The within-board samﬁn? variation values in
Eablg 1 and Figure 2 show that while circular headrig w thin-

oar
variation (0.026 inch) was higher than that of the band headrig
(0.022 inch), the values were not significantly different.
Apparently, the thick blade of the circular headrig al | ows
W thin-board sawi ng accuracy equivalent to the band headrig.

Figure 1 and Table 1 shows average kerf width values for the
single arbor gang resaw, double arbor gang saw, vertical band
SEIitter resaw and band linebar resaw. These machi nes ranked in
that order from highest to |owest kerf width. Mean kerf wdths
for these machines were 0.258, 0.232, 0.158, and 0.139 inch,
respectively. The means of the band |inebar resaw and verti cal
band splitter resaw did not differ significantly. The other two
resaw types (single and double arbor gang resaws) differed
significantly fromthese machine types and differed between
thenmsel ves. Both double and single arbor gang resaw machi nes
enpl oy snull-diameter circular saws that generally require a
thicker blade than their bandsaw counterparts. The nean val ues
for double and single arbor gang resaws shown in Table 1 and
Figure 1 fit this generalization and had significantly higher
kerf width values than the two band resaw machi nes.

The single arbor gang resaw had significantly w der kerf
conpared to the double arbor gang resaw. This result is the
reverse of the finding for these resaws in softwood sawm | |s by
Steele et al. (18) . The fact that single arbor gang resaws had
thinner kerf wdths in softwood sawm|ls was attributed to the
fact that single arbor gang resaws are often reserved for saw ng
narrower cants. In softwod sawm | |s, separate resaws are used
to saw thicker cants. Because none of the hardwood sawm|ls in
this study enployed two resaws, those sawm|ls using single arbor
gang resaws for cant breakdown nmust resaw all cants with the sane
machi ne. Hardwood sawm | |s probably require a wder kerf w dth
for single arbor gang resaws than for double arbor ?ang resaws
because of the greater cant depths sawn by the single blade of
the single arbor gang resaws.

Wt hin-board sawing variation reflects the conbined result
of feedworks and sawi ng inaccuracies (3). Because double and
singl e arbor gang resaws have identical feedworks, wthin-board
sawi ng variation differences may be attributed to saw wander
during sawng. Wthin-board variation values for the two
machines (Table 1, Figure 2) did not differ significantly, which
I ndi cates equivalent blade stability. This result suggests that
the thicker blades of the single arbor gang resaws result in
sawbl ade stabilization equivalent to the double arbor gang
resaws.

No significant difference in kerf width was found between
the band linebar resaw and the vertical band splitter resaw

122



These two machi nes have identical functions but different
f eedworks systens. No difference in kerf width would, therefore,
be expected between these nachine types.

The sawi ng machines in this study fell into two groups wth
resBect to within-board sawing variation (Figure 2) . \Wile the
doubl e arbor gang resaw and singl e arbor ?ang resaw di d not
differ significantly, they did have significantly |ower wthin-
board saw ng variation than the band |inebar resaw, band headrig,
vertical band splitter resaw, and circular headrig. The latter
four machines did not differ significantly anong thensel ves.

One factor in the relativelg accurate within-board saw ng
vari ation performance of the double and single arbor gang resaws
was that their kerf wi dths were thicker than those of all other
machine types with the exception of the circular headrig. The

f eedwor ks of these machines should also contribute to I ow within-
board sawing variation. Because these machines process cants on
rollers, the flat surfaces and the weight of the cants help
reduce novenment of the workpiece with respect to the sawbl ade
during samﬁn%. This type of feedworks has been shown to provide
superitor wthin-board sawi ng accuracy when saw ng softwoods (16).

The three band nmachines (band |inebar resaw, band headrig,
vertical band splitter resaw) and the circular headrig had the
hi ghest within-board sawing variation. This result was expected
for band sawbl ades because this blade type is known for wander in
the cut (1), and a previous study noted relatively high wthin-
board sawing variation for bandsaw nachine types ?16). Few, if
any, of the bandsaws in the present sanple were of the type that
uses high strain on the blade to reduce sawbl ade wander. ~ The
probabl e reason for the high within-board sawi ng variati on of
circular headrigs is the use of a verg | arge blade with an
I nadequat e gui de system as was described previously.

Bet ween-Board Sawi ng Variation

Bet ween-board sawing variation is generally a nmeasure of the
functioning of the setworks of a sawing nachine (3). Results of
the statistical analysis of between-board sawi ng variation data
by machine type are shown in Table 1 and Figure 3. The double
and single arbor gang resaws had significantly | ower between-
board sawi ng variation than the circular headrig, vertical band
splitter resaw and band headrig. The band |inebar resaw val ues
were between these two groups and did not differ significantly
fromeither group. Low between-board sawing variation is known
to be a characteristic of double and single arbor gang resaws
(16) . Elimnation of the potential for setworks mal function or
setworks wear due to the nultiple preset saws of these machi nes
(10) explains their good between-board saw ng variation
per f or mance.
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In practice, the band linebar resaw often saws the sane
thi ckness repeatedly w thout resetting the setworks. This
situation is simlar to that for the preset blades of the gang
resaws in that absence of novenent reduces potential error from
setworks mal function. This fact probabl% expl ai ns the band
l'inebar resaw s relatively good between-board sawi ng variation
per f or mance.

The conplexity of the feedworks of circular and band
headrigs provides a high potential for feedworks nmechani sm wear
and nmal function. A conplicated setworks nechanismis required to
ﬁpsition | ogs on both circular and band headrig carriages. The

I gher between-board sawi ng variation of these-machines was as
expect ed.

Total Sawing Variation

Total sawing variation is a function of within- and between-
boar d saMAn? variation (3). The three nachines that ranked with
| owest total sawing variation (Table 1, Figure 4) were those that
had | owest w thin- and between-board sawing variation. These
t hree machi nes were the doubl e arbor gang resaw, the single arbor
gang resaw, and the band |inebar resaw. These three machines
were not significantly different in total saw ng variation from
the band headrig.

Two of the three machines with [owest total saw ng variation
(the single and double arbor gang resaws) were those that
enpl oyed smal | -di aneter circular saws and that fed a flat-faced
cant past preset saws. A previous study found that this
conmbi nation of features produced | ow total saw ng variation for
sof twood saw n% machines (16). The relatively wide kerf of the
singl e and doubl e arbor gang resaws nmay al so have reduced the
W t hi n-board saw ng variation conponent of the total saw ng
variation values for these two machines by stabilizing the saw
bl ades during cutting.

~ The band linebar resaw had the third [owest total saw ng
vari ation. Thi s nmachi ne has sone of the characteristics of the
doubl e and single arbor gang resaws. A flat-faced cant is
processed and, as has been observed, the setworks nai not be
S

reset for long periods of time. This |ack of setwor nmovenent
would, like the preset saws of the double and single arbor gang
resaws, reduce the potential for between-board sawing variation

The two machines with highest total saw ng variation were
the circular headrig and vertical band splitter resaw. These
machi nes did not differ significantly fromeach other and did not
have any features in common except consistently high wthin-
board and between-board sawing variation. The poor total saw ng
variation performance of the circular headrig stens fromthe fact
that it had highest w thin-board and between-board saw ng
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variation values of all machine types. These high val ues

resul ted from saw wander due to an inadequate bl ade gui dance
system coupled with setworks error provided by a conplex setworks
mechani sm wi th consi derable opportunity for wear and mal function.

SUMVARY

The circular headrig had the significantly highest kerf
wi dth value of all machines. Conpared to the band headrig, the
circular headrig kerf width was 0.120 inch wider. Wthin-board
saw ng variation val ues showed these two machines to have
equivalent stability during sawwng. This result was apparently
due to the heavier kerf width of the circular headrig conpared to
band headrig. The heavy kerf of the circular headrig apparently
conpensated for other factors, such as inadequate guides, that
would result in blade instability.

The doubl e and single arbor gang resaws had the
significantly highest kerf wdth of the resaws because the
remai ning types were band sawbl ades. The need for the single
arbor gang resaw to saw deeper cants wth a single blade was
thothesized to result in the higher kerf w dth values found for
these machines conpared to the double arbor gang resaw.

Single arbor gang resaws had w thin-board sawi ng variation
equivalent to that for the double arbor gang resaws. This result
indicates that the increased kerf width of the single arbor gang
stabilized the sawbl ade in deeper cuts.

Heavy kerf wi dth and feedworks type appeared to explain the
significantly superior within-board sawi ng variation perfornmance
of the double and single arbor ?ang resaws. Feedwor ks that
process flat-faced cants on rollers are known to provide superior
W thin-board sawing variation performance. Band sawbl aded
machi nes were probably in the group with significantly highest
W t hi n- board samjng vari ation because of the known characteristic
of bandsaws to wander during saw ng.

Bet ween-board sawi ng variation was |ow for the double and
single arbor gang resaws, presunably due to their preset saws.
The band |inebar resaw al so showed good between-board saw ng
variation perfornmance, probablﬁ because this machine’s setworks
are often not reset between subsequent cuts.

The saw ng machines with | owest total saw ng variation were
t hose that enployed snall-dianmeter circular saws with relatively
heavy kerf width and that fed a flat-faced cant past preset saws.
The circul ar headrig was anmong the group of machine types with
the highest total saw ng variation due to the fact that it had
hi ghest w thin-board and between-board sawing variation. The
machi ne characteristics that contributed to high wthin-board and
bet ween- board sawi ng variation for the circular headrig were an
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I nadequat e gui dance system and a conpl ex feedworks systemw th
consi derabl e opportunity for wear and mal function.
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Table 1. Mean values of kerf width, wthin-board sawing variation, between-board saw ng
variation, total sawing variation and wood |oss per saw ine by nachine type.

W t hi n- Bet ween-
board board Tot al
Machi ne  Sanple Ker f saw ng saw ng saw ng

Machi ne type code si ze width variation variation variation
Band headrig 1 50 . 162 . 022 . 016 . 047
Grcular headrig 2 168 . 282 . 026 . 015 . 054
Band | i nebar resaw 3 10 . 139 .021 . 012 . 040
Vertical band

splitter resaw 4 8 . 158 . 026 . 016 . 060
Singl e arbor

gang resaw 5 24 . 258 .011 . 006 . 032

Doubl e arbor
gang resaw 6 6 . 232 011 . 005 . 026
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machine type with results of separation of neans tests.
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about the mean. Horizontal lines indicate no significant
di fference between the nachine types beneath them
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