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Summary 
Veneer^incisirig'̂ at the peeling lathe, a new technology developed at Forintek, has been increasingly 
applied in most of Canadian softwood plywood mills. Significant benefits include reducing veneer curl-
up and increasing veneer recovery. However, a comprehensive study of the effect of veneer incising on 
the conventional hot-pressing process has not been undertaken so far. As part of the work on optimization 
of LVL/plywood hot pressing process, this report investigated, the effect of veneer incising (incisor teeth 
pattems) on conventional hot-pressing time and compression behavior of spruce LVL/Plywood. The 4 
factors taken into account were panel type (LVL or plywood), number of panel layers, veneer moisture 
content and veneer type. Three veneer types were considered: non-incised veneer, lightly-incised (lathe-
incised) veneer and heavily-incised veneer (similar to veneer incising in front of dryer). The three veneer 
moisture levels considered were 0%, 3% and 6%. The number of panel layers used was 5, 9 and 13. A 
mixed-level experimental design was employed. Using a statistical software program, IMP, the main 
factors affecting the LVL/plywood hot-pressing time were identified. The results showed that: 

1. Within the range studied the pressing time taken for the core temperature to reach 100 "C, or 
105°C or 11 Ŝ C is predominantly determined by the number of panel layers, as expected, 
followed by veneer type, panel type and veneer moisture content. 

2. The effect of veneer incising on conventional LVL/plywood hot pressing is target core 
temperature dependent. Compared to non-incised veneer, the lightly-incised veneer (similar to 
that now used at mills) does not significantly affect the conventional hot pressing time of 
LVL/plywood panels if the target core temperature is 100 °C or 105 "C (a target for thick panels), 
but some beneficial effect for thin LVL/plywood panels (a reduction in pressing time by 10~15%) 
has been demonstrated if the target core temperature is 115°C (a target for thin panels). 

3. The lightly or heavily-incised veneer has an advantage over the non-incised veneer since there 
were much fewer occurrences of blows after unloading the press. This benefit of using incised 
veneer to reduce blows would be recognized by the LVL/plywood mills. 

4. At a constant mat pressure of 200 psi, the panel compression ratio is mainly controlled by the 
number of panel layers and veneer moisture content. The panel compression ratio is also target 
core temperature dependent, and in tum pressing time dependent, which indicates that it is critical 
to find the shortest pressing time while ensuing the full cure of adhesive. 

5. Veneer incising has been identified as helpful in reducing the panel compression ratio by 
expediting the rise in core temperature and reducing the pressing time to the target core 
temperature. Within the range studied, the veneer moisture content, which does not have 
significant effect on the pressing time, however, does significantly affect the panel compression 
ratio. 

6. Under the same conditions, L V L shows a slightly higher compression than plywood when 
pressing thin panels. This difference in compression could become more significant when 
pressing thicker panels or using higher moisture veneer. 

7. A new data acquisition system plus software PressView® has been successfully developed to 
monitor the real-time temperature, gas pressure, mat pressure and panel compression during panel 
hot-pressing. This provides a very useful tool in the study of the LVL/plywood hot pressing 
process. 

The quantitative understanding of the effect of the 4 factors above on the hot-pressing process is 
important in the conventional hot-pressing optimization and developing a mathematical simulation model 
for the LVL/plywood industry. 

i 
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1 Objective 
To investigate the difference in conventional LVL/plywood hot pressing time and compression behavior 
between non-incised veneer and incised veneer 

2 Introduction 
The hot pressing process has long been identified as one of the most critical and expensive operations in 
LVL/plywood manufacture. The optimisation of this operation can help improve the performance of 
LVL/plywood by eliminating the blows or delamination, to reduce pressing time, to minimise energy 
consumption and to maximise raw material recovery. A quantitative understanding of this operation can 
also help design processes for the manufacture of new veneer based composites with specific properties 
for engineered applications. 

An incising technology was patented at Forintek to incise veneer in front of the veneer dryer. This 
technology was used by four B. C. plywood companies and provided the following benefits (Troughton et 
al., 1987): faster drying rates, flatter veneer and fewer blows during hot-pressing. In LVL/plywood 
industry, Forintek recently developed a new method (Dai et al. 1998) to incise veneer at the lathe and 
successfully implemented it in most of the Canadian softwood LVL/plywood mills. By incising veneer at 
the lathe, the following additional benefits were identified: less curl-up of veneer especially spruce, fewer 
spin-outs and higher veneer recovery. However, a comprehensive study of the effect of veneer incising on 
the conventional hot-pressing time and strength properties of LVL/plywood has not been undertaken. 

During LVL/plywood hot pressing, the main mechanism of heat and mass transfer through laid up veneer 
is heat conduction rather than heat convection as demonstrated in OSB hot pressing. However, the effects 
of phase change and convection could become stronger when using the incised or high moisture veneer. 
Unfortunately, how this convection contributes to the heat and mass transfer is still uncertain. 

As part of the work on optimization of conventional LVL/plywood hot pressing operations, this report 
investigated the effect of veneer incising on the conventional hot-pressing time and compression behavior 
of spruce LVL/Plywood. The factors taken into account included the panel type (LVL or plywood), panel 
number of layers, veneer moisture and veneer type. Three veneer types were considered containing non-
incised veneer, lightly-incised veneer (lathe incised) and heavily-incised veneer. These veneer sheets were 
peeled and prepared in the Forintek pilot plant. The three veneer moisture levels considered were 0%, 3% 
and 6%. The panel number of layers used were 5, 9 and 13. A mixed-level experimental design was 
employed. LVL/plywood panels were made in terms of the different combinations of the veneer moisture, 
veneer type and number of layers according to an experimental design to investigate the effect of veneer 
incising (incisor teeth pattems) on the conventional hot-pressing and compression behavior of 
LVL/plywood panels. 
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4 Materials and IVIethods 

4.1 Veneer Species and Peeling 

The veneer species was spruce. The peeler logs were obtained through a Forintek member mill. A total of 
30 blocks of spruce were cut. All blocks were first conditioned in a hot water heating tank at a 
temperature of 45 "C for 4 hours until the block core temperature reached 20 ~ 30 °C. 

1. Non-incised veneer: Using a Forintek mini-lathe equipped with a smooth roller bar, 15 blocks were 
peeled. About 500 13 x 13 inch non-incised green veneer sheets were cut from the veneer ribbon 
randomly and proportionally from sap', heart to core to represent the whole spruce veneer 
population. Half of the above veneer sheets (250) were randomly selected as the non-incised veneer 
type; 

2. Heavily-incised veneer: the remaining half of the green veneer sheets (250) were further incised 
using a Forintek lumber incisor (similar to the veneer incisor in front of the dryer). The incisor teeth 
penetrated throughout the veneer thickness in the grain direction. The tooth length was 7/8 inch and 
tooth separation was 0.5 inch in the grain direction, and 3/8 inch in the width direction. Two 
hundred and fifty 13x13 inch green veneer sheets were passed through this lumber incisor; 

3. Lightly-incised veneer (lathe-incised): Using the Forintek mini-lathe equipped with an incisor bar, 
15 blocks were peeled to generate the lightly-incised veneer. The teeth partially penetrated into 
veneer thickness in the grain direction. The penetration depth was about 50% ~ 60% of veneer 
thickness. The tooth length was 1/8 inch and tooth separation was 1/4 inch in the grain direction, 
and 5/32 inch in the width direction. This type of veneer is seen as equivalent to the incised veneer 
in the mill. In total, three hundred 13 x 13 inch green veneer sheets were collected. 

Al l veneer was peeled to a target thickness of 0.125 inch. Then they were put into an oven to dry to 0% 
moisture using a mild drying schediile. 
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4.2 Veneer Conditioning into Different l\/ioisture Contents 

In this research, 3 different moisture levels, 0%, 3% and 6%, were selected. After drying all the veneer 
sheets to 0% moisture, the weight of each sheet was scaled and recorded. 1/3 of the non-incised veneer, 
lightly-incised veneer and heavily-incised veneer were wrapped using plastic bags to keep the moisture 
constant at a 0% level. After calculating the necessary weight for each sheet, 1/3 of non-incised veneer, 
lightly-incised veneer and heavily-incised veneer were exposed and conditioned inside the Forintek pilot 
plant allowing each sheet to capture some moisture to reach the target weight of 3% moisture content. 
Normally, about 24 hours were needed for conditioning veneer sheets to a 3% moisture content. Likewise, 
the remaining 1/3 of non-incised veneer, the lightly-incised veneer and heavily-incised veneer were 
exposed to the air and conditioned to 6% moisture content. Then all the conditioned veneer sheets were 
stored into the plastic bags for experiments. 

4.3 Experimental Design 

The experimental design using a statistical software package, JMP, is described in Appendix 1. Table 1 
shows the four factors arranged statistically in the 18 experiments. 

Table 1: Experimental table 

Experiment No. j Panel type fKI) No. of layers (X2) Veneer MC pQ) Veneer type p<4) 
1 LVL 5 0% Non-incised 
2 LVL 5 3% Lightly-incised 
3 LVL 5 6% Heavily-incised 
4 LVL 9 0% Lightly-incised 
5 LVL 9 3% Heavily-incised 
6 LVL 9 6% Non-incised 
7 LVL 13 0% Heavily-incised 
8 LVL 13 3% Non-incised 
9 LVL 13 6% Lightly-incised 
10 Plywood 5 0% Heavily-incised 
11 Plywood 5 3% Non-incised 
12 Plywood 5 6% Lightiy-incised 
13 Plywood 9 0% Non-incised 
14 Plywood 9 3% Lightly-incised 
15 Plywood 9 6% Heavily-incised 
16 Plywood 13 0% Lightly-incised 
17 Plywood 13 3% Heavily-incised 
18 Plywood 13 6% Non-incised 

4.4 Experimental Setup — New Data Acquisition System and Software 

A new data acquisition system equipped with a new desktop computer and FieldPoint® I/O modules from 
National Instruments was setup for the small press in the Forintek composites pilot plant. The purpose of 
this new system is to measure and acquire the real-time data such as the internal gas pressure and 
temperature during LVL/pIywood hot pressing. Also a data acquisition software program PressView® 



using Visual Basic and ComponentWorks'̂  was developed to monitor the temperature, mat pressure, press 
opening and gas pressure during hot pressing. Using this software, the pressing time and temperature data 
can be easily saved into an Excel file for data processing and analysis. The main interface of this software 
is shown in Figure 1. 

For each panel, 4 thermocouples were used with 2 in the innermost glueline to monitor the temperature 
change during pressing. 

Figure 1: The main window of new real-time data acquisition software 

4.5 LVL/Plywood Hot Pressing 

Based on the Table 2, L V L and plywood panels were made. PF resin was applied at a spread rate of 35 
lbs /1000 ft^ of single glueline. The thickness of each veneer sheet was measured for each LVL/plywood 
panel assembly. Each plywood assembly was composed in such a way that the grain direction of each ply 
was at right angles to adjacent plies. For the L V L assemblies, the grain direction for each adjacent ply 
was aligned in the same direction. All the panels were pressed at 155°C and 200 psi and unloaded until 
the innermost glue line reached IIS^C. 

After pressing, all LVL/plywood panels were stacked for at least 6 hours to post-cure. Then they were 
trimmed in order to measure the final panel thickness and density. 



5 Results and Discussion 

5.1 Monitoring of the Core Layer Temperature 

In this research, three replicates were used for each of 18 experiments. In total, 54 panels (18 x 3) were 
made. The average pressing times for the core ply to reach 100°C, 105°C and 115°C were recorded and 
tabulated for each experiment, as shown in Table 2. 

Table 2: Experimental results in relation to the pressing time 

1 Experiment No. Panel type No. oflaryers Veneer MC Veneer type Pressing time (s) for core temp, to reach 
XI X2 X3 X4 lOO^C 105"C . 115''C 

1 • LVL 5 0% Non-incised 163 184 216 
2 LVL 5 3% Lightly-incised 1 168 185 233 
3 LVL 5 6% Heavil^incised 155 174 214 
4 LVL 9 G% Lightly-incised 564 627 880 
5 LVL 9 3% Heavily-incised 535 592 773 
6 LVL 9 ' 6% Non-incised 560 616 933 
7 LVL 13 0% Heavily-incised 1018 1113 1482 
8 LVL 13 3% Non-incised 1238 1410 2870 
9 LVL 13 6% Lightly-incised 1082 1175 1485 

Plywood 5 0% Heavily-incised 170 187 270 
11 Plywood 5 3% Non-Incised 169 186 238 
12 Plywood 6% Lightly-incised 191 217 270 
13 Pljfwood 9 0% Non-incised 496 545 665 
14 Plywood 9 3% Lightly-incised 545 606 , 1057 
15~ Plywood 9 6% Heavily-incised 467 503 597 
16 Plywood 13 0% Lightly-incised 1172 1310 2345 
17 Plywood 13 3% Heavily-incised 925 1098 , 1943 
18 Plywood 13 6% Non-incised 1062 1198 2258 

In addition, some extra 5-ply and 9-ply LVL/plywood panels were made to investigate the effect of the 
veneer type on the core temperature rising speed by fixing the veneer moisture content. 

5.2 Measurement of Panel Density and Compression Ratio 

For each experiment, the final panel cpmpression ratio (CR), panel density and panel thickness were 
measured. The results are shown in Table 3. 



Table 3: Experimental results in relation to panel compression ratio, density, thickness and 
panel quality 

Experiment No. Panel type No. of layers IVeneerMC 1 Veneer type CR Density Thickness i Blow* 
XI X2 1 X3 X4 (%) (inch) i(% of chance) 

1 LVL 5 0% Non-incised . 8.9 0.4G0 0.586 0% 
2 LVL 5 3% Lightly-incised 10.3 0.430 0.600 0% 
3 LVL 5 6% Heavily-incised 12 0.440 0.576 333% 
4 LVL 9 0% Ligtitly-incised 8.6 0.470 1.050 0% 
5 LVL 9 3% Heavily-incised 12.7 • 0.450 1.006 0% 
6 LVL 9 6% --Non-incised - —21.1 - 0.560 0.882 100% 
7 LVL 13 0% Heavjly-incised 22.6 0.480 1.293 0% 
8 LVL 13 3% Non-incised 22.5 0.530 1.259 ' 0% ' 
9 LVL 13 6% Lightly-incised 22.5 0.530 1.291 0% 
10 Plywood 5 0% Heavily-incised 8.8 0.400 0.590 ' 0% 
11 Plywood 5 3% Non-incised 13 0.470 0.558 100% 
12 Plywood 5 6% Lightly-incised 8.9 0.480 0^567^ 0% 
13 Plywood 9 0% Non-incised 11.3 0.450 1.018 0% 
14 Plywood - 9 3%. -Lightly-incised 9.5 . - 0.500- —0.915_^ . 0% 
15 Plyvrt)od . = .9 =. -r-mo^. =Heavily-incised= ̂ 16r7-—. •-G!45Q- =0:940= = 0% 
16 Plywood 13 0% Lightly-incised 8.4 0.480 1.502 0% 

•17 • Plywood 13 3% Heavily-incised 25.4 0.490 1.245 0% 
18 Plywood 13 6% Non-incised 31.9 0.600 ' 1.137 0% 

Note: • Number of panels with blows was converted to % of chance with blows 

5.3 Veneer Incising Effect on Panel Core Temperature Rise 

Based on Table 2, for 5-ply LVL/plywood panels, it took one to two minutes for the core temperature to 
rise from lOO^C to 115 C. For 9-ply LVL/plywood panels, it took two to eight minutes for the core 
temperature to rise from 1 OÔ C to 115"C. The fastest heat transfer occurred in the experiment number 15 
using the heavily-incised veneer with a 6% veneer moisture content for plywood. For 13-ply thick 
LVL/plywood panels, it took an extraordinary longer time (from six to twenty five minutes) for the core 
temperature to rise from 100°C to 115*'C. The fastest heat transfer occurred in experiment number 9 using 
the lightly-incised veneer with a 6% veneer moisture content for LVL. Notice particularly that it only 
took one to three minutes for the core temperature to rise from 100°C to 105''C, this indicates that there 
might exist two significantly different temperature zones for thick panels in terms of the speed of core 
temperature rise: 100°C ~ 105°C and 105°C ~ 115''C. 

The application of the statistical analysis software, JMP, is shown in Appendix 2. The importance of 
factors affecting the temperature rise at the core (innermost ply) in a descending order was identified. The 
importance of factors in a descending order was the number of panel layers, as expected, followed by the 
veneer type, panel type and veneer moisture content. As shown in Figure App 2-1 (Appendix 2), for 13-
ply LVL assembled using the non-incised veneer with 0% moisture content, the predicted pressing times 
taken for the core temperature to rise tolOO°C, 105°C and 115*'C were 1092, 1223 and 2085 seconds, 
respectively. It almost took twice the pressing time for the core temperature to rise to the target 115''C 
compared to the target 100°C. When the target core temperature was 100°C or 105°C (a target for thin 
panels), the lightly-incised veneer did not show a clear effect on the pressing time reduction. However, 
the beneficial effect of the lightly-incised veneer on the pressing time was not noticeable until the target 
core temperature was above 105*'C, in this case 115*'C (a target for thinner panels). In contrast, the 
heavily-incised veneer did show some favorable effect on the pressing time reduction at any of three 



target core temperatures. In the real production, compared to non-incised veneer, a reduction of about 10 
~ 15% in hot-pressing time could be used when pressing thinner panels (5~9 plies) using lightly incised 
or lathe-incised veneer. 

The results indicated that in conjunction with the veneer type, the target core temperature is vital to the 
pressing time of LVL/plywood. The target core temperature should be set to make the pressing time 
shortest while ensuing the full cure of adhesive in the core (innermost layer). Considering the heat sink 
effect experienced in the manufacture of LVL/plywood (Troughton, 1998), the target core temperature 
could be set at lOO^C or 105°C for the thick panel manufacture. When the thick panel is removed from the 
hot press, the core temperature continues to rise by as much as lO^C to 15°C. Further research will be 
conducted to monitor the degree of cure of adhesive during pressing and establish how the change of core 
temperature (from 1 OÔ C to 115°C) affects the degree of adhesive cure and LVL/plywood strength. 

For 13-ply L V L assembled using 3% moisture content veneer, assuming the target core temperature is 
105°C, the effect of veneer type on the hot-pressing time was shown in Figure App 2-2 (Appendix 2). 
From Figure App 2-2 a) and b), by dragging vertical lines to introduce the change of factor levels, the 
response of the pressing time can be easily seen from the value next to the vertical axis. It can be shown 
that the lightly-incised veneer did not have apparent influence on the pressing time if the target core 
temperature was 105*'C, because the predicted pressing time was 1213 seconds for the lightly incised 
veneer compared to 1216 seconds for the non-incised veneer. Since the target core temperature was set at 
100°C or 105°C for the thick panels (such as 13 ply in this case) in real practice, it seems that no 
adjustment is needed in the mill when pressing the lightly-incised or lathe-incised veneer. However, the 
heavily-incised veneer did contribute to the reduction of the pressing time by 80 seconds (about 7% 
reduction) at a target core temperature of 105°C. 

Figure 2 compares the temperature rising speeds for three veneer types using veneer with different 
moisture contents for 9-ply L V L . From Figure 2 a) and b), it can be seen that the temperature rise did not 
show much difference until the temperature reached 110°C for three veneer types using veneer with 6% 
moisture content. At 3% veneer moisture content, the temperature rise appeared the same for the three 
veneer types. Comparing Figure 2 b) and c) it indicates that the temperature rise for plywood was slower 
compared to L V L under the same conditions. 
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Figure 2: Effect of the veneer type on the pressing time 

5.4 Veneer Moisture Effect on Panel Core Temperature Rise 

For 13-ply LVL, using 105°C as the target core temperature, the effect of veneer moisture content on hot 
-pressing time is shown in Figure App 2-3 (Appendix 2). As seen from Figure App 2-3 a), b) and c), 
using the lightly-incised veneer, the pressing time of 13-ply L V L altered very little when veneer moisture 
changed from 0% to 3% and to 6%. It demonstrated that within the moisture range studied veneer 
moisture content does not have a significant effect on the pressing time. 



5.5 Panel Compression Ratio and "Blows" 

From Table 3, at the same mat pressure of 200 psi, when panels were unloaded at a target core 
temperature of 115"C, the final panel thickness was mainly controlled by the veneer moisture. Assuming 
other conditions were same, the higher the veneer moisture content, the smaller the panel thickness would 
be (the higher the panel density). It indicated that it was feasible to control the veneer moisture for the 
densification of LVL/plywood panels for specific purposes. Notice also that pressing non-incised veneer 
caused blows for 5-ply plywood at 3% veneer moisture and 9-ply L V L at 6% moisture content. However, 
using the lightly-incised veneer and heavily-incised veneer could significantly reduce the chance of blows 
after unloading the press. Notice fiirther that, at 6% veneer moisture content, neither a 13-ply plywood 
panel with the non-incised veneer nor a 13-ply L V L panel with the lightly-incised veneer generated any 
blows when unloading the press. This might indicate that upon the core temperature rising to 115*'C, the 
gas pressure might have dropped. 

From Figure App 2-4 (Appendix 2), it can be shown that the panel compression ratio was mainly 
controlled by the number of panel layers and veneer moisture content. Since the number of panel layers, 
as expected, predominantly controlled the rise in core temperature, the panel compression ratio was in 
tum pressing time dependent. Generally, the shorter the pressing time, the smaller the panel compression 
ratio. It can also be seen from Figure App 2-4 that, especially when making thick panels, veneer incising 
was somewhat helpful to reduce the panel compression ratio by expediting the core temperature rise and 
reducing the pressing time to the target core temperature. Notice further that under the same conditions 
for the thin panels, plywood panels tended to be compressed slightly less than LVL panels due to the fiber 
orientation. The difference in compression was about 1-2% for 5-ply panels. But this difference is more 
significant when pressing thicker panels or using higher moisture veneer. It was observed that for 9-ply 
panels at 6% veneer moisture, the difference in compression could go as high as 8% when the target core 
temperature was 115°C. 

5.6 General Discussion 

As we know, different species have different compression behaviors in relation to the moisture, 
temperature and compression pressure. As we can see from the results, using a 200 psi constant mat 
pressure for the spruce veneer, the resulting LVL/plywood compression ratio ranged from 8.4% to 31.9% 
and panel density from 0.40 to 0.60 g/cm\ Also for 13-ply LVL/plywood panels, most of the panels were 
densified, the final thickness for most of the panels was below the target (1.5 inch). The densification 
effect was more apparent when the veneer moisture was set high, such as at 6%. In practice, there would 
be a trade off between the panel strength and panel volume or recovery, according to the market needs. 
However, the results did show the importance of the effect of mat pressure for different species. In the 
further study, a decompression cycle could also be considered to reduce the panel compression ratio at 
high veneer moisture content. 

In summary, using a statistical software program, JMP, the importance of the factors in a descending 
order affecting the LVL/plywood hot-pressing time was identified. The results showed that the pressing 
time taken for the core temperature to reach 100 "C, or 105 °C or 115°C was predominantly determined by 
the number of panel layers, as expected, followed by veneer type, panel type (plywood or LVL) and 
veneer moisture content within the respective ranges studied. Compared to the non-incised veneer, the 



lightly-incised veneer (similar to that now used at mills) does not significantly affect the conventional hot 
pressing time of LVL/plywood if the target core temperature is 100 °C or 105 "C. But in the scope of this 
research some Beheficial'effect has been demonstrated if thetai^efcbre "temperature of LVL/plywood is 
above 105°C, such as 115 °C. In the real production, compared to non-incised veneer, a reduction of about 
10 ~ 15% in hot-pressing time could be used when pressing thinner panels (5-9 plies) using lightly-
incised veneer (or lathe incised veneer). Also both the lightly and heavily-incised veneer did show an 
advantage since there were much fewer occurrences of blows, compared to non-incised veneer, after 
unloading the press. At a constant mat pressure of 200 psi, the panel compression ratio was mainly 
controlled by the number of panel layers and veneer moisture content. The panel compression ratio was 
also target core temperature dependent, and in turn pressing time dependent, which indicated that it is 
critical to find the shortest pressing time while ensuing the full cure of adhesive. Further, veneer incising 
was identified as helpful in reducing the panel compression ratio by expediting the rise in core 
temperature and reducing the pressing time to the target core temperature. Within the range studied, the 
veneer moisture content, which did not have significant effect on the pressing time, however, did 
significantly affect the panel compression ratio. Under the same conditions, LVL showed a slightly higher 
compression than plywood when pressing thin panels. This difference in compression could become more 
significant when pressing thicker panels or using higher moisture veneer. 

6 Conclusions 
Based on this research with the spruce veneer, following conclusions can be drawn: 

1. Within the range studied the pressing time taken for the core temperature to reach 100 "C, or 105 "C 
or 115°C is predominantly determined by the number of panel layers, as expected, followed by 
veneer type, panel type (LVL or plywood) and veneer moisture content. 

2. The effect of veneer incising on conventional LVL/plywood hot pressing is target core temperature 
dependent. Compared to the non-incised veneer, the lightly-incised veneer (similar to that now used 
at mills) does not significantly affect the hot pressing time of LVL/plywood if the target core 
temperature is 100 °C or 105 "C, but some beneficial effect has been demonstrated if the target core 
temperature of LVL/plywood panels is above 105 "C, such as 115 °C. This finding could help 
reduce the hot-pressing time by 10 ~ 15% when pressing thin panels using the lightly-incised veneer 
with a target core temperature of 1 IS^C. However, the heavily-incised veneer does contribute to the 
reduction of the hot-pressing time at any of the above three target core temperatures with more 
apparent effect with 6% veneer moisture content than 0% or 3% veneer moisture content. 

3. The lightly-incised or heavily-incised veneer has an advantage over the non-incised veneer since 
there were much fewer occurrences of blows after unloading the press. This benefit of using incised 
veneer to reduce blows would be recognized by the LVL/plywood mills. 

4. At a constant mat pressure of 200 psi, the panel compression ratio is mainly controlled by the 
number of panel layers and veneer moisture content. Within the range studied, the veneer moisture 
content, which does not have a significant effect on the pressing time, however, does significantly 
affect the panel compression ratio. The panel compression ratio is also target core temperature 
dependent, and in turn pressing time dependent, which indicates that it is critical to find the shortest 
pressing time while ensuing the full cure of adhesive. 



5. Veneer incising has also been identified as helpful in reducing the panel compression ratio by 
expediting the rise in core temperature, therefore reducing the pressing time needed to reach a target 
core temperature. Under the same conditions, LVL shows a slightly higher compression than 
plywood when pressing thin panels. This difference in compression could become more significant 
when pressing thicker panels or using higher moisture veneer. 

6. A mixed-level experimental design proves to be very useful. With the help of the statistical software 
program, JMP, the main factors affecting the LVL/plywood hot-pressing time can be identified, and 
the quantitative assessment of the effect of the important factors on the hot-pressing process can be 
accomplished. 

7. A new data acquisition system plus software has been successfully developed to monitor the real-
time temperature, gas pressure, liiat pressure and panel compression during panel hot-pressing. This 
provides a very useful tool in the study of the LVL/plywood hot pressing process. 

7 Recommendations 
Further research topics should include how the mat pressure affects the hot-pressing time, panel 
compression ratio, adhesive cure and panel strength with regards to species, veneer types and veneer 
moisture contents. In addition, the following aspects of research should be continued and addressed: 

1. how the use of incised veneer affects the strength properties of LVL/plywood panels; 

2. how adhesive curing behaves during hot pressing and how the glueline bonding strength develops 
during hot pressing in relation to species, mat pressure and veneer moisture and so on. For this 
purpose, an ultrasonic on-line detection system will be setup to monitor the adhesive cure during 
hot-pressing. 

3. what the optimum target core temperature is for different species, panel types and number of panel 
layers. 

4. the effect of veneer stress grades and panel lay ups on LVL/plywood hot-pressing operation. 
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Appendix 1: Experimental Design Table 

Four main factors were considered in this research. Panel type (XI) included 2 structural types (levels), 
LVL and plywood. The other 3 factors considered were number of panel layers (X2), veneer moisture 
content (X3) and veneer type (X4). Each of those 3 factors had 3 levels. A mixed two-level and three-
level experimental design was established with the help of a statistical software package, JMP. The 
design, which outlines 18 different combinations of experiments for 4 factors, is shown in Table App 1-1. 

Table App 1-1: Experimental table using coded variables 

Experiment No. Panel type (XI) No. of layers (X2) Veneer MC (X3) Veneer type (X4) 
1 -1 -1 -1 -1 
2 -1 -1 0 0 

. 3 - -1 -1 1 1 
4 -1- 0 -1 0 
5 -1 0 1 
6 -1 0 1 -1 
7 -1 1 -1 1 
8 -1 .1 
9 -1 1 1 0 
10 1 -1 -1 1 
11 1 -1 -1 
12 1 -1 1 0 
13 1 0 -1 -1 
14 1 0 0 
15 1 0 1 1 
16 1 1 -1 0 
17 1 1 1 1 0 "l 
18 -1 



Appendix 2: Statistical Analysis of Data 
Generally, the steeper the slope of the factor, the more important the factor. As shown in Figure App 2-1, 
the effect of 4 factors on the core temperature rising to 100°C, or 105°C or 1 IS^C was quite different. 
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Figure App 2-1: Identification of the importance of the factors 
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Figure App 2-2: The effect of veneer type on hot-pressing time 
(core temperature =105°C, 13-ply LVL, 3% veneer moisture content) 
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Figure App 2-3: The effect of veneer moisture content on hot-pressing time 
(core temperature =105°C, 13-ply LVL, lightly-incised veneer) 
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