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ABSTRACT 

Jointing is a common practice required to produce the same cutting circle for all knives mounted 
in a cutterhead of a peripheral knife planer. Initially the jointed land at the cutting edge has a 0 degree 
clearance angle, which becomes negative with the workpiece motion relative to the cutterhead and as 
the cutting edge wears. Jointed knives could crush a thin layer of the planed board and affect the 
wood quality and performance. Sugar maple wood gluing properties were evaluated in samples that 
had been planed using one of four jointed land widths, each tested at four states of wear. With increased 
jointed land and planing length, the damage to the surface and subsurface of wood increased, but the 
gluing strength and percent wood failure decreased. The depth of this damaged layer was positively 
correlated with the magnitude of the normal cutting force. In samples where moisture content had 
fluctuated, the effects of jointing and wear on gluing were more pronounced. The results suggest that 
a jointed land of 0.9 mm may be used as maximum allowable width for planing sugar maple wood. 
Also, the planed surface quality of this wood may be negatively affected using a knife with 45 km 
of rake face recession and 60 krn of clearance face recession, which results in a damaged layer 0.20 
mm thick. 
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INTRODUCTION AND BACKGROUND single chips from a workpiece by intermit- 

One of the principal objectives of a me- tently engaged knives mounted on the periph- 

chanical process such as planing is to obtain ery of a rotating cutterhead. 

an acceptable finished surface. The quality of The final step in knife installation on the 

planing depends on the wood characteristics, cutterhead is the jointing operation, where an 

cutting tool geometry, and on the operational abrasive stone is passed over the knife edges 

conditions of the machine. The quality level as they turn in the cutterhead. Any projecting 

may be based on aesthetic or technical require- knife edge is ground back, ensuring that all 

ments and expressed in terms of damage the edges lie in a common cutting circle. Thus, 

caused to the wood surface during the planing each knife will work in a uniform manner tak- 

process. ing chips of equal thickness (Dunsmore 1965; 

The most common machine in the wood in- Hoadley 2000). This forms a jointed land on 

dustry for planing wood surfaces is the pe- the cutting edges where width varies accord- 

ripheral milling planer. This machine removes ing to the initial knife projection from the cut- 
terhead with respect to the others. As the 

7 Member of SWST. 
knives wear, jointing is sometimes wrongly re- 
peated as a sharpening process. The nominal 
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knife clearance angle returns to 0 degrees in 
such a way that during cutting the face of the 
land causes perpendicular compression as well 
as surface wood friction. These forces should 
normally increase with the increased jointing. 
The feeding action and wear at the cutting 
edge may also cause the clearance angle to 
become negative during cutting, reduce the 
rake angle, and further increase the normal 
component of the cutting forces. As a result, 
surfaces planed with jointed knives are sub- 
jected to greater crushing and friction than sur- 
faces machined using unjointed knives. Al- 
though greater cutting forces are expected 
with jointing, a positive or negative effect on 
gluing shear strength may result, depending on 
the species of wood (HernBndez and Naderi 
200 1). 

Apart from the jointing operation, crushed 
cells and checks on the surface and subsurface 
of the workpiece exist (Stewart and Crist 
1982; Murmanis et al. 1983; Reeb et al. 1998). 
Several researchers have reported differences 
in surface quality, especially with moisture 
changes and even in specimens machined un- 
der laboratory conditions with sharp knives 
(River and Miniutti 1975; Jokerst and Stewart 
1 976; Edvardsen 1993; Hernandez 1994; Her- 
nrindez and Naderi 2001). This damaged layer 
has been attributed to the normal component 
of cutting forces that in some cases exceeds 
the perpendicular-to-the-grain compression 
strength, and consequently crushes and breaks 
wood cells. 

The heat produced due to friction between 
the tool edge and the wood surface during cut- 
ting could also affect wood properties. A su- 
perficial glazed or burned layer often occurs 
on a board when feeding is stopped for a mo- 
ment during peripheral planing. Dull knives 
can also leave burned layers on the planed sur- 
face. Temperatures may approach or even ex- 
ceed 800°C near or at the tool edge when cut- 
ting wood (Stewart 1989). Due to the low 
thermal conductivity of wood, this tempera- 
ture can be considered as a localized heat 
treatment, which could alter the properties of 
the surface and subsurface layer. 

The principal advantage of jointing is to 
form an equal cutting circle, where all the 
knives take a chip of equal depth. This oper- 
ation is the usual way to form a common cut- 
ting circle for all knives (Dunsmore 1965). 
Jointing allows several re-sharpenings without 
removing knives from the cutterhead and re- 
duces down-time (Jones 1994). Jones (1994) 
also indicated that an uneven or wide jointed 
land adversely affects the planed surface qual- 
ity. A wide jointed land that results from sev- 
eral re-jointings causes increased friction be- 
tween that land and the workpiece. Davis 
(1942) cautioned that jointing should not be 
repeated too often between grindings. Hordern 
(1958) reported that after three or four re- 
jointings, the jointed land will project farther 
from the axis of the cutterhead than that of the 
cutting edge. As a result, the wood surface 
will become crushed and heated compared to 
wood planed with a sharp unjointed knife. 
Hoadley (2000) suggested that a very narrow 
land (0.25 mm) will not create problems be- 
cause the area of zero clearance is very small. 
Wengert (1988) and ASTM D 1666 (1987b) 
both state that the maximum allowable jointed 
land width before re-sharpening should be 0.8 
mm. Dunsmore (1965) also recommended a 
maximum of three or four re-jointings, within 
which the land width must not exceed 1.2 mm. 
However, Hernandez and Naderi (2001) found 
that the maximum allowable width for the 
jointing operation should be determined sep- 
arately for a given wood species. Sugar maple 
had permanent damage in the wood surface 
and subsurface and, consequently, the gluing 
performance decreased as the jointed land 
width increased. For red oak, no apparent cell 
damage existed, and gluing performance was 
enhanced as jointed land width increased. This 
was associated with an increase in the per- 
meability of the wood. For spruce, gluing per- 
formance was slightly improved as the jointed 
land width increased. However, planing tests 
in this earlier study were carried out with 
freshly sharpened knives only. Hernandez and 
Naderi (2001) concluded that the interactions 
among the anatomical wood structure, the 
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jointed land width, and knife wear are impor- 
tant factors needing study. 

The objective of this study was to evaluate 
the planed surface quality of sugar maple 
wood as a function of jointed land width and 
knife wear. Four wear levels of four jointed 
land widths were tested. We evaluated gluing 
shear performance at constant hygrothermal 
conditions and after exposing surfaces to an 
accelerated aging treatment. 

MATERIALS AND METHODS 

Testing materials 

All tests were done with sugar maple (Acer 
saccharurn Marsh) wood, a diffuse-porous 
hardwood that is commonly applied indoors. 
Commercial air-dried lumber was stored in a 
conditioning room at 60% relative humidity 
(RH) and 20°C for 4 months. Average mois- 
ture content (MC) was 12%. Eighty boards 63 
mm wide by 20 mm thick and 2220 mm long 
were selected and prepared for planing tests. 
The boards were separated into four groups of 
twenty and, the groups were assigned to be 
subjected to a specific wear level. Each board 
was cross-cut into four matched sections 550 
mm long, and these were assigned to a specific 
jointing level. This meant that a total of six- 
teen groups of twenty specimens each were 
tested. Each section underwent a planing treat- 
ment and then was sectioned to prepare a lam- 
inated block and a specimen for measuring 
cutting forces. 

Specimerz preparation 

Each group was surfaced with a specific 
jointed land knife and wear level with a con- 
ventional cabinet knife planer. The feed rate 
was set to give 34 knife marks per 25 mm of 
length, and the cutting depth adjusted to re- 
move 1 mm of wood in one pass. The cutting 
circle radius was 50.5 mm. One of the three 
knives on the cutterhead was set for cutting. 
The knife angle and the clearance angle for 
the freshly sharpened knives were 60 and 15 
degrees, respectively. After jointing, these an- 
gles became 75 degrees for the knife angle and 

0 degrees for the clearance angle. The rake 
angle was 15 degrees. The sharp knives were 
jointed with a sharpening machine prior to 
mounting in the cutterhead, which meant we 
could obtain three specific jointed land widths 
(0.9, 1.8, and 2.7 mm wide). A fourth group 
of boards was planed with an unjointed knife, 
and was considered as having 0-mm jointing 
width. Each one of the four jointing levels was 
studied with a specific knife, which was suc- 
cessively worked up to reach four wear levels. 
Thus. the process began with a planing test 
performed with a freshly sharpened knife fol- 
lowed by other planing tests after 500 m, 1000 
m, and 3000 m of planing. Three hundred for- 
ty pieces of sugar maple wood 75 mm wide 
by 25 mm thick and of varying lengths were 
planed to generate wear. This wear was under 
the same cutting conditions as during the plan- 
ing treatment itself. After this planing treat- 
ment, the boards were cross-cut to form pairs 
that were subsequently glued together to form 
a laminated block. 

The pairs of boards were glued with a car- 
pentry white adhesive (polyvinyl acetate), 
with a glue consumption of 810 g per m2. As 
recommended by the adhesive manufacturer, 
0.4 MPa of pressure was applied for 45 min. 

Finally, the laminated blocks were ma- 
chined to correct for sliding that may have 
caused misalignment during the gluing pro- 
cess. The final dimensions of the laminated 
blocks were 50 mm wide, 38 mm thick, and 
235 mm long. Two gluing shear specimens 
were prepared from each laminated block. A 
total of 40 specimens from each group were 
selected to evaluate the effect of knife jointing 
and wear on the gluing strength after exposure 
to two hygrothermal conditions. The gluing 
shear test samples were machined according 
to ASTM D 905 (1987a). 

Conditioning treatments 

The samples were prepared under constant 
conditions of 60% RH and 20°C. Half of the 
specimens were also tested under these con- 
ditions. The other half were subjected to ac- 
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celerated aging. Specimens were exposed over 
distilled water for 30 days, and arrived at an 
average MC of about 21%. All specimens 
were then conditioned at 60% RH and 20°C 
for at least 45 days to reach their initial 12% 
equilibrium MC. 

Glueline tests 

Specimens were evaluated according to the 
ASTM D 905 standard (1987a) with a univer- 
sal testing machine fitted-out with a gluing 
shear tool. The crosshead speed was 0.38 m d  
min. Cross sections of the specimens, load at 
failure, and the estimated percent wood failure 
were recorded, and the average gluing shear 
stress was calculated. Statistical analysis of the 
results was done using multivariate and uni- 
variate analyses of variance. 

Microscopic evaluation 

ideally sharp edge was measured parallel to 
the rake and clearance faces of knives. 

Cutting force measurements 

Primarily radial oriented 7-mm-wide by 19- 
mm-thick and 75-mm-long specimens were 
taken from the matched sections to evaluate 
the effect of jointing and wear on the cutting 
forces. After each planing treatment, the nor- 
mal and parallel components of the orthogonal 
cutting forces, 90"-0", were measured. Knives 
were removed after planing from the planer 
and mounted on the column of a milling ma- 
chine. A cross-ring dynamometer (King and 
Foschi 1969) was fixed to the feed table to 
measure the cutting forces. This dynamometer 
was calibrated by known forces applied at the 
normal and parallel directions. The feed speed 
was 28 c d m i n  with a chip thickness of 1 mm. 
The nominal rake angle was 15 degrees, even 

small blocks with about 0.7 cm' of trans- though the knife geometry should have varied 

verse area, including the glueline, were cut according to the jointed land and wear level. 

from the laminated block for scanning electron During each test, the cutting forces were re- 

m~croscopy examination (SEMI. The blocks corded with a computer and a data acquisition 

were prepared with a razor blade to carefully card, set at 25 readings per second. The min- 

cut a surface on the end-grain imum, average, and TIIaximum cutting forces 

to the planed surface. The blocks were then for each test were determined from this data. 

desiccated, mounted onto standard aluminum 
stubs with silver paint, redesiccated, and coat- 
ed with gold in a sputter-coater. Electron mi- 
crographs of three representative subsurfaces 
were taken for each one of the sixteen cutting 
conditions. 

Weur measurements 

A molding technique was applied to obtain 
replicas of the four type M-2 high speed steel 
knives used in the experiments. Black-colored 
resin (the knife) and white-colored resin (the 
mold) were employed. From each replica, four 
equally spaced cross-sections were taken 
along the cutting edge area. Micrographs of 
these cross-sections were taken with a digital 
camera mounted on the microscope and pro- 
cessed with an Adobe Photoshop 4 software 
and a Regent Instruments Wincell Pro 5.6d 
image analyzer. The edge recession from an 

RESULTS AND DISCUSSION 

SEM analysis uf transverse glueline ,faces 

Crushed and damaged cells were seen near 
or at the glueline in transverse sections of the 
specimens. However, the severity of damage 
was variable within each jointed land set and 
planing length. The variation in surface dam- 
age within a given machining condition for 
sugar maple wood has been previously re- 
ported (Murmanis et al. 1986; Hernandez and 
Naderi 2001). The thickness in the most se- 
verely crushed cell layer was measured in 
three typical specimens for each planing con- 
dition and was plotted as a function of the 
jointed land width and planing length (Fig. 1). 
In general, the surface damage was more se- 
vere as the jointed land width and the wear 
increased. 

The freshly sharpened unjointed knife pro- 
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I .o 
Jointed land (mm) 

Fig. 1. Maximum crushed layer thickness during plan- 
ing sugar maple wood as a function of planing length 
(P.L.) and jointed land width. 

duced surfaces virtually free of damage (Fig. 
2). However, as the planing length increased, 
a small amount of damage was seen. The dam- 
aged layer was 0.1 mm thick after 3000 m of 
planing. 

When the three jointed knives were sharp- 
ened, they produced surfaces with little dam- 
age (Fig. l ) ,  but damage increased as jointed 
land width increased up to 0.1 mm thick at 2.7 
m of jointed land width (Fig. 3). However, 
once knives had planed 500 m of wood, the 
damaged layer increased drastically. Between 
500 and 3000 m of planing, the damaged layer 
continued to increase but less severely (Fig. 
1). The damaged area varied between 0.18 mm 
and 0.23 mm thick at 500 m of planing, and 
increased to between 0.21 and 0.29 mm at 
3000 m of planing (Fig. I). Typical damages 
for these cutting conditions are shown in Figs. 
4 and 5. 

On the other hand, the depth of damage in- 
creased as the jointed land increased from O- 
to 0.9-mm width for all planing lengths. The 
damage continued to increase somewhat be- 
tween 0.9 and 2.7 mm of jointed land width 
(Fig. 1). 

The subsurface damage was in the form of 
crushed and deformed vessels and fibers and 
in certain cases, as broken and deviated rays 

(Fig. 5). As mentioned, the severity of this 
type of damage was more obvious as the plan- 
ing length and the jointed land width in- 
creased. The damage that occurred on the 
planed surfaces from unjointed knives was 
light, and the adhesive was able to penetrate 
through the damaged surface layer (Fig. 2). 
On surfaces planed with jointed knives, the 
damage was more severe, especially with in- 
creased planing length. Nonetheless, the rate 
of damage increase decreased between 500 
and 3000 m of planing. On these surfaces, no 
adhesive penetration through the damaged 
zone was found (Figs. 4 and 5). Jokerst and 
Stewart (1976) as well as Stewart and Crist 
(1982) suggested that the intensity of the dam- 
age to the surface and the subsurface is asso- 
ciated with the magnitude of the normal cut- 
ting forces. We found a statistically significant 
correlation between the normal cutting forces 
and the thickness of the damaged layer of the 
planed surface. Even when all cutting condi- 
tions were pooled, the normal tool force effect 
accounted for 33% of the total variation in the 
damaged layer depth. 

Wear and cutting forces 

The average results of knife wear and orthog- 
onal cutting forces for each planing length and 
jointed land width are presented in Table 1. 

Wear 

Knife wear on the rake and clearance faces 
increased as the jointed land width and the 
planing length increased (Table 1). The edge 
recession was greater on the clearance face 
than on the rake face of knives. The difference 
in wear between the two faces was more pro- 
nounced as the planing length increased. Thus, 
the edge recession in the clearance face with 
respect to the rake face was, on average, 56%, 
86%, and 120% greater for 500, 1000, and 
3000 m of planing, respectively. Similar dif- 
ferences of wear between the rake and the 
clearance faces have been reported (Tanaka 
1985; Stewart 1988; and Ali et al. 1990). 

Relationships between the clearance reces- 
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Fig. 2. No damage visible during planing sugar maple wood with a knife without jointing nor wear. 

sion and the planing length for each jointed 
land width existed (Fig. 6). In general, the in- 
crease in wear was greater between 0 and 
1000 m of planing. Afterwards, wear in- 
creased at a slower rate up to 3000 m of plan- 
ing. The wear on the rake face reacted simi- 
larly to that on the clearance face. The varia- 
tion in wear rate with respect to the cutting 
length has been reported earlier. Kirbach and 
Bonac (1977, 1982) found that wear charac- 
teristically followed two stages, a first rapid 
and progressive, then a second stage of slower 
wear that tended to level off. We found a sim- 
ilar trend in wear processes. 

The wear could be attributed principally to 
a mechanical action, from the friction gener- 
ated between the knife rake face and the chips 

produced, and between the clearance face and 
the new wood surface. This action would gen- 
erate high temperatures and pressures in the 
cutting area and on the tool edge (Stewart 
1989). Thus, for the jointed knives, the contact 
area between the clearance face and the new 
wood surface depended on the jointed land 
width, due to zero clearance, falling to nega- 
tive during the cut. This response was not 
found in an unjointed sharpened knife. With 
the increase in jointed land width, the mag- 
nitude of the friction force and the temperature 
should increase, increasing wear. This phe- 
nomenon should also occur between the rake 
face and the wood chips, being influenced 
principally by the rake angle and the thickness 
of the wood chips (Stewart 1991). 
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TABLE 1. Summarl): of the edge recession and tlie normal (F,) und parallel (Fp)  orthogonal cuffing forces from four 
pluning lengths and four jointed land widths. 

Edge recession1 Cutting forces2 

Planing Jo~nrcd  land Rake face Clearance face F,, 
length im)  imm) (km) (wm) (Nlmm) ( N ~ I I I )  

0 0.0 0 (0l3 0 (0) 15.3 (0.4)' 82.0 (2.2) 
0.9 0 (0) 0 (0) 17.5 (0.6) 83.4 (2.5) 
1.8 0 (0) 0 (0) 18.8 (0.6) 85.2 (2.4) 
2.7 0 (0) 0 (0) 18.8 (0.7) 87.7 (2.9) 

500 0.0 28 (2 )  50 (6) 18.9 (0.5) 90.1 (2.3) 
0.9 40 (9) 60 (9) 23.2 (0.7) 84.4 (2.0) 
1.8 44 (4) 63 (3) 24.6 (0.8) 86.3 (2.1) 
2.7 82 (13) 125 (8) 22.7 (0.9) 87.4 (2.6) 

1000 0.0 62 (0) 1 10 (5) 18.2 (0.3) 86.2 (1.8) 
0.9 83 (6) 126 (9) 25.4 (0.8) 83.4 (1.6) 
1.8 154 (14) 357 (21) 23.1 (1.0) 83.4 (2.3) 
2.7 333 (21) 605 (26) 27.1 (0.8) 89.8 (1.8) 

3000 0.0 117 (9) I81 (14) 17.8 (0.4) 85.5 (1.7) 
0.9 162 (16) 425 (22) 28.4 (1.0) 84.9 (1.8) 
1.8 223 (12) 456 (13) 30.5 (1.0) 87.4 (1.9) 
2.7 516 (14) 1326 (28) 26.4 (1.2) 89.2 (1.9) 

' Means of iour repl~catcs. 
Means ot rwcnty repllcatec. 

'Standard error of the mean In ~arenthcqes 

Cutting forces 

Cutting forces were measured under orthog- 
onal slow-cutting experiments rather than un- 
der practical peripheral cutting conditions. 
McKenzie ( 1960) indicated that experiments 
at low cutting speeds could be applied to cut- 
ting at practical working speeds. However, the 
negative clearance angle due to the feeding ac- 
tion during planing could not be analyzed. The 
cutting force was greater in the parallel com- 
ponent than in the normal component (Table 
I). Generally, the normal cutting force (F,,) in- 
creased, while the parallel cutting force (Fp) 
showed no apparent change as the planing 
length increased. The normal force component 
was therefore more sensitive to changes in 
wear than the parallel force component. Stew- 
art (1 99 1 ) and Huang (1994), while studying 
the effect of the cutting length on the forces 
in the turning and planing processes, reported 
a similar behavior. An effect of the planing 
length on the normal tool force for each joint- 
ed land existed (Fig. 7). In general, normal 
cutting force increased up to 500 m of planing 
for unjointed knives. With respect to sharp- 
ened knives, this tool force increased 23%. 

The normal tool force remained constant for 
these knives between 500 and 3000 m of plan- 
ing, even though the edge recession showed 
increasing values (Table 1). For the jointed 
knives, normal cutting force increased sharply 
up to 1000 m of planing and continued to in- 
crease slightly after this length. Thus, the force 
increased up to about 56% when compared to 
the sharpened knives. The increase in the nor- 
mal force due to wear should be even greater 
in peripheral planing because the negative 
clearance angle produced should be greater. 

On the other hand, the normal cutting force 
(Fn) increased, while the parallel cutting force 
(F,) showed no apparent change as the jointed 
land increased (Table 1). The normal tool 
force was therefore more sensitive to the joint- 
ing than the parallel tool force. In general, the 
normal cutting force increased between 0 and 
1.8 mm of jointed land width (Fig. 7). This 
force then remained constant or decreased 
slightly at 2.7 mm of jointed land, even though 
the edge recession continued to increase (Ta- 
ble 1). Furthermore, the effect of jointing on 
normal tool force increased as wear advanced. 
Thus, this force increased when knives were 
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Fig. 3. Maximum damage noted during planing sugar maple wood with a knife having 2.7-mm jointed land width 
and freshly sharpened. 

jointed (jointed lands pooled) on average 20, 
24, 43, and 63% for 0, 500, 1000, and 3000 
m of planing, respectively. As in the case of 
wear, given that clearance angle increases neg- 
atively, the increase in the normal force due 
to jointing should be even greater in peripheral 
planing. 

Some cutting force values were more vari- 
able and did not appear to closely follow the 
general trend. A lower average chip thickness 
(0.8 mm instead of I mm) for the 1.8-mm 
jointed land width and 1000 m of planing cut- 
ting force test was due to a mistake. Other 
fluctuations may have been due to differences 
in initial tool sharpness or inherent differences 
in the tool or workpiece. 

Gluing shear strength 

As expected, the greater gluing shear 
strength values were observed for the knives 
without wear and at constant hygrothermal 
conditions (Table 2). Comparisons were made 
using the least-squares means statement from 
the SAS General Linear Models procedure- 
95 percent confidence level (SAS Institute 
1988). A statistically significant effect of the 
jointing and knife wear on gluing behavior of 
sugar maple wood under constant conditions 
existed. Also the gluing strength decreased af- 
ter the accelerated aging treatment. This de- 
crease was about 7% for the sharpened knives 
and 5% for the worn knives. After the aging 
treatment, the effects of jointing and wear 



Hrrndn(lc,- cznd Ro,(i\-EFFECTS OF KNIFE JOINTING AND WEAR ON PLANING SUGAR MAPLE WOOD 301 

Fig. 4. Typical damage noted during planing sugar maple wood with a knife having 0.9-mm jointed land width 
and 500 m of planing. 

were evident. For example, the effect of joint- 
ing on gluing shear strength was statistically 
significant for sharpened knives only after the 
aging treatment. The moisture saturation of 
wood and subsequent drying could have pro- 
duced internal stresses related to swelling and 
shrinkage. These stresses would reduce the 
gluing shear strength by increasing the number 
of wood microfailures, particularly in the cell 
walls at the surface and subsurface of the 
wood. 

The decrease in gluing shear due to jointing 
and wear was related to the variation in the 
normal cutting force. Statistically significant 
negative correlations existed between this tool 
force and, either the gluing shear strength or 
the percent wood failure. For the accelerated 

aging treatment, the normal tool force effect 
accounted for at least 40% of the total varia- 
tion in gluing shear strength and 36% of var- 
iation in percent wood failure (all cutting con- 
ditions pooled). The effect of this tool force 
on gluing behavior was a result of the tissue 
damage at the surface and subsurface of the 
wood (Figs. 3-5). 

Between 0 and 500 m of planing, the gluing 
shear strength greatly decreased for the four 
jointed land widths (Fig. 8). Between 500 and 
3000 m of planing, no significant variation in 
gluing shear strength existed, except at 0.9- 
mm jointed land (Fig. 8). Thus, the overall 
decrease in shear strength due to wear was 
about 12% (jointed lands pooled). In general, 
the percent wood failure showed a similar be- 
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Fig. 5.  Maximum damage noted during planing sugar maple wood with a knife having 2.7-mm jointed land width 
and 3000 m of planing. 

havior and indicates that the adhesive penetra- 
tion may have decreased as planing length in- 
creased. As previously mentioned, the dam- 
aged superficial layer of the wood increased 
rapidly up to 500 m of planing (Fig. 1). The 
gluing shear strength results are in good agree- 
ment with the idea that damage was caused to 
the wood cells by knives. Adhesion was pri- 
marily at the damaged layer, and since this ad- 
hesion was practically at a minimum at 500 m 
of planing, further planing caused little differ- 
ence. Therefore, under the cutting conditions 
of this study, a damaged layer of 0.20 mm 
thick (Fig. I), from a knife with 45-pm rake 
face recession and 60-km clearance face re- 
cession (Table l ) ,  was sufficient to negatively 

affect the planed surface quality of sugar ma- 
ple wood. 

The effect of jointing on the gluing shear 
strength measured after accelerated aging is 
shown in Fig. 9. A similar effect has been re- 
ported from freshly sharpened knives (Her- 
nandez and Naderi 2001). In general, no sig- 
nificant variation in gluing shear strength ex- 
isted between the unjointed knives and those 
jointed at 0.9-mm jointed land. But, a statis- 
tically significant decrease in shear strength 
occurred for 1.8- and 2.7-mm jointed lands. 
The overall decrease in shear strength when 
jointing exceeded 0.9-mm width was about 
8% (planing lengths pooled). In general, the 
percent wood failure showed a similar trend 
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Fig. 6.  Edge recession over the knife clearance face Fig. 7. Normal orthogonal cutting force from knives 
as a function of the planing length (P.L.1 for four levels as a function of planing length (pL,) for four levels of 
of jointed land width. jointed land width. 

even though its statistical significance was not 
established clearly. A jointed land of 0.9-mm relatively important even for sharpened un- 
width could serve as maximum allowable val- jointed knives. Increasing the rake angle, 
ue for planing sugar maple wood. which decreases the normal cutting force, 

The results of this study were obtained with could reduce the damaged layer produced by 
a rake angle of 15 degrees common in the knives, and result in improved gluing perfor- 
wood industry. The normal cutting force was mance. The method suggested by Stewart 

TABLE 2. Average gluing shear strength ( S S )  and percent wood failure ( W F )  ,fi)r four planing lengths, four jointed 
land widths and two conditioning treatments. 

Conslent condilion?' After conditioning' 
P l a n l n ~  Jointed 
Icngth land ST 
(rn) ( m m )  iMPa) 

' Mean, of twenty repllcate,. 
' Standard error ol  the rrlran i n  parenlhe\es 
' Means wcth~n 4 column followed hy Ihc came Icltcr arc not ~ ~ g n ~ t i c a n t l y  d~f f r rcnt  a1 thc 5 percent probahl l~ty level Uppercase letter5 are for lo~ntcd land 

cornpsrlwn and Ic,werc.rsc letlcr\ arc l o r  planing lcnprh compariqon, for each planing length and lointed land separately. 
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14 I 
0 500 1000 1500 2000 2500 3000 3500 " 

Planing length (rn) 0.0 0.9 1.8 2.7 

Jointed land (mm) 
Fig. 8. Gluing  hear strength as a function of planing 

length for four levels of jointed lands for samples that had Fig. 9. Gluing shear ~trength as a function of jointed 

undergone an accelerated aging cycle. land width for four levels of planing length for samples 
that had undergone an accelerated aging cycle. 

( 1977) predicts from cutting forces that result 
from sharpened unjointed knives that a rake 
angle of 26 degrees could be the optimal to 
produce a satisfactory wood surface. Experi- 
ments at different rake angles are needed to 
verify this prediction. Other factors that need 
to be considered include the feed per knife, 
diameter of the cutting circle, and cutting 
depth. Given this lack of information, general 
recommendations could be misleading and 
further investigations are required. 

CONCLUSIONS 

We found that peripheral planing with 
sharpened unjointed knives generated the least 
damage in the surface and subsurface of sugar 
maple wood. However, the depth and severity 
of the damaged surface layer increased with 
increasing jointed land width and the planing 
length. The depth of this damaged layer was 
positively correlated with the magnitude of the 
normal cutting force. Knife wear also in- 
creased as the jointed land and planing length 
increased, but this was lesser on the rake face 
than on the clearance face of knives. The nor- 
mal cutting force increased with wear. The 

damage in surfaces and subsurfaces of wood 
caused a corresponding decrease in the gluing 
shear strength and percent wood failure of 
glued specimens. The effects of these param- 
eters on gluing were more pronounced in sam- 
ples where the moisture content had fluctuat- 
ed. The results suggest a jointed land of 0.9 
mm as a maximum allowable width for plan- 
ing sugar maple wood. Also, a damaged layer 
0.20 mm thick, obtained using a knife with 45 
pm of rake face recession and 60 pm of clear- 
ance face recession, appear to be sufficient to 
negatively affect the planed surface quality of 
this wood. 
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