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Summary   
 
Veneer incising at the peeling lathe, a new technology developed at Forintek, has been increasingly used 
in Canadian/US softwood plywood/LVL mills. Significant benefits include reduced veneer curl-up and 
spin-outs and increased veneer recovery. However, veneer incising and peeling is a very complicated 
process with a number of interactive variables: 1) lathe setting variables including vertical gap, horizontal 
gap and pitch angle; 2) veneer incising variables including overdrive percentage of the incisor bar and 3) 
lathe peeling speed. Therefore, optimization of veneer incising and peeling appears critical to mills to 
achieve good veneer quality and high veneer recovery.  
 
In order to better simulate the industrial peeling lathe, Forintek’s laboratory mini-lathe was significantly 
upgraded. A statistical method (Response Surface Method) was used to investigate the effects of 5 main 
process variables: vertical gap, horizontal gap, pitch angle, peeling speed and bar overdrive percentage on 
the veneer thickness variation and curl-ups. More than 100 spruce and Douglas-fir blocks were peeled 
using either incisor bar or smooth roller bar. The effects of bar type on veneer curl-up and thickness 
variation were compared. A series of regression analysis models were generated for veneer thickness 
variations and veneer curl-up. The important variables affecting veneer quality were identified. The main 
results were: 
 
1) Significant interactions existed between the main peeling variables. Veneer thickness variation and 

curl-up were lathe setting dependent. Pitch angle and horizontal gap were identified as the two most 
critical variables affecting veneer quality in terms of both thickness variation and veneer curl-up, 
followed by vertical gap, bar overdrive (incisor bar) and peeling speed. 

 
2) There was a trade-off between veneer curl-up and veneer thickness variations. Based on a joint 

optimization method, the optimum lathe settings for either incisor bar or smooth roller bar veneer 
peeling have been established and validated for spruce, which can help industry achieve better veneer 
quality and higher veneer recovery as well.  

 
3) The optimum lathe settings for smooth roller bar peeling and incisor veneer peeling for spruce were 

quite different, which demonstrated that lathe settings need to be adjusted after changing bar from one 
to another. The optimum lathe settings for 2.50” smooth roller bar peeling were pitch angle 89.50, 
vertical gap 0.425” and horizontal gap 0.1”. In contrast, the optimum lathe settings for incisor bar 
peeling were pitch angle 90.50, vertical gap 0.388”, horizontal gap 0.1” and overdrive percentage 
level 100.5%. Compared to smooth roller bar peeling, incisor bar peeling allowed a slightly tighter 
gap (or higher compression) due to applied bar overdrive. By comparing the respective optimum lathe 
settings, it was concluded that veneer incising at the lathe did not contribute to more thickness 
variation in veneer.  

 
4) Compared to Douglas-fir, spruce tended to generate more serious curl-up veneer. For spruce veneer, 

higher moisture in the core contributed to a reduction in veneer curl-up.  Using the optimum settings 
with the incisor bar for spruce, it was found that these settings also produced high quality veneer 
when peeling Douglas-fir.  

 
5) While the above findings based on the laboratory lathe are useful for understanding the lathe 

operation mechanism, optimum settings are specific for industrial lathes. It is therefore recommended 
that studies using similar statistical approaches be conducted in mill trials. 

 

 
i 
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1 Objective 
 
To optimize veneer incising and veneer peeling for spruce and Douglas-fir species. 
 

2 Introduction  
 
During the manufacture of plywood and LVL, veneer peeling is an extremely important process for 
quality veneer and product manufacture. Quality veneer can be produced by precision rotary lathes, 
provided these machines are in good condition and well adjusted. However, the production of quality 
rotary-peeled veneer requires careful balancing of many factors. A slight modification of any of the lathe 
settings can result in a significant difference towards veneer quality and recovery. During veneer peeling, 
veneer recovery is strongly affected by block diameter and veneer curl- up which is also disadvantageous 
for veneer clipping and glue application. Numerous factors have been identified affecting veneer quality 
and recovery, which fall into four categories:  
1) Knife and bar profiles such as knife angle, bar type, and bar diameter;  
2) Lathe settings such as pitch angle, knife height, bar position relative to knife tip (vertical gap and 

horizontal gap) and bar overdrive (incisor bar) and target veneer thickness;  
3) Wood species features including growth ring, sapwood and heartwood, density and block diameter, 

and  
4) Block conditioning such as conditioning temperature and time.  
 
Recently, there has been an increasing trend of peeling down to a smaller diameter core (from 5 inches to 
2.5-3 inches) in order to attain high recovery. In a previous study, use of big roller bar was found to result 
in loss in veneer quality (especially veneer smoothness), but flatter in veneer sheets. Further, Forintek 
developed a new method (Dai et al1998) to incise veneer at the peeling lathe and successfully 
implemented it in Canadian softwood LVL/plywood mills. By incising veneer at the lathe, the following 
benefits were identified: less curl-up of veneer especially with spruce, fewer spin-outs, higher veneer 
recovery and less blows after pressing. Until now, optimum lathe settings and operating techniques have 
not been fully developed especially for big roller bar and incisor bar.  
 
In addition, the existing Forintek peeling simulation software is a pure geometric model which is based on 
the change of contact area and rubbing area during peeling between the bar, the knife and the block. The 
influences of species and bar overdrive on veneer quality, veneer curl-up and veneer recovery have not 
yet been considered. Preliminary tests showed that the response of veneer quality and curl-up to the lathe 
settings is quite different. Therefore, the key for the peeling process is to optimize the lathe settings and 
control the knife angle and bar driving conditions to achieve desired quality veneer and maximum veneer 
recovery in terms of species and peeler block diameter.   
 

3 Staff 
 
Chunping Dai   Group Leader, Composites Group 
Brad J. Wang   Wood Composites Scientist, Composites Group 
Remy Marchal   Visiting Scientist from ENSAM Institute, France 
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Tony Thomas   Instrumentation Technologist, Wood Engineering Department 
Peter Ens   Wood Composites Technologist, Composites Group 
Frank Ma   Wood Composites Technologist, Composites Group 
Don Moffat   Wood Composites Technologist, Composites Group 
Keith Hick   Building Superintendent 
 

4 Materials and Methods 
 

4.1 Materials 
 
Veneer species were spruce and Douglas-fir obtained through a Forintek member mill. Veneer peeling 
was conducted in the Forintek pilot plant using the Forintek mini-lathe. In order to simulate the industrial 
peeling lathe, the laboratory mini-lathe underwent a major upgrading to better simulate mill conditions.  
 

4.2 Selection of controllable variables and veneer quality criteria 
 
Based on the literature, five controllable variables were identified to have significant influence on veneer 
quality and recovery. These variables and their testing scopes were as follows: 
 
1) 87.50<=Pitch angle<=91.50     

2) 0.35<=Vertical gap<=0.55 
3) 0.08<=Horizontal gap<=0.12 
4) 100%<=Bar overdrive<=102% 
5) 100 fpm <= peeling speed <= 300 fpm 
 
Other than the above five variables, following variables were fixed: knife height =0.007 inches; 
conditioning temperature 500C for 6 h; veneer target thickness: 0.132 inch; core diameter: 3.5 inches; 
incisor bar diameter: 2.56 inches (teeth depth 0.078 inches, narrow teeth type) and knife bevel angle: 230 
 
The veneer quality criteria considered in this study were mainly measured by veneer roughness, thickness 
variation and veneer curl-up. Veneer peeler blocks were cut from different logs with a length of 14”. The 
blocks were marked to trace their sources and locations. Then all blocks were randomized. Before 
peeling, blocks were conditioned at 500C water temperature in a tank for 4 hours. 
 
To measure veneer thickness, six 14”x14” sheets were sampled from veneer ribbon with two sheets each 
from sap, heart and core. Then 10 veneer thickness measurements were taken from each sampled sheet. 
The veneer average thickness and thickness variation was then calculated. To measure veneer curl-up, the 
last two-meter veneer ribbon towards the end of each peel was collected. Then the ribbon was laid down 
on a flat base to measure the number of peaks and the height of each peak. The height of peaks was 
summed. Further, additional six 14”x 14” veneer sheets were sampled from the veneer ribbon with two 
each from sap, heart and core to check the moisture content of each block using the oven dry method.  
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4.3 Experimental Design  
 
A response surface method was used which involves selection of values for controllable variables to 
permit the efficient estimation of response variables as functions usually a quadratic or high-order 
polynomial of the controllable variables (Jimenez, L. et al. 2000). This method used a series of points 
(experiments) around a central point (central experiment), and several additional points (additional 
experiments), to estimate the first- and second-order interaction terms of a polynomial. This design 
allowed every parameter in the mathematical model to be estimated from a fairly small number of 
experiments. During response-surface analysis, the objective was to find a combination of values of the 
controllable variables which resulted in a maximum (or minimum) of the response variable.  
 
In our experiment, five independent variables were considered, namely: pitch angle (X1), vertical gap 
(X2), horizontal gap (X3), peeling speed (X4) and bar overdrive (X5). The examining range for each 
variable was established with respect to its coded or normalized value, as shown in Table 1.  
 

Table 1: Original and coded levels of controllable variables 

 
A central composite design with response surface method was employed which required 32 experiments, 
as shown in Table 2. Before doing the experiments, all possible combinations of 5 controllable variables 
were carefully examined with the Forintek Peeling 1.2 software program to make sure all experiments can 
be performed. As shown in Table 2, the compression ratios at a block diameter of 10 inches and the block 
diameters at 0% compression ratio were obtained through the computer simulation. Note that compression 
ratio is the ratio of roller bar penetration into the block over veneer thickness. It is a measurement of the 
tightness roller bar against the block. An example of the computer simulation is shown in Figure 1. 
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Table 2: Experimental design with response surface method (coded value) 

 
Note:  * with the smooth roller bar, 0% compression ratio means no contact between the bar and the 
block. With the incisor bar, the incisor teeth may still penetrate into the block. 

 

Figure 1: Examination of lathe settings for experiment No. 1 (PA=89.50, VG=0.3875”, HG=0.11”) 
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5 Results and Discussion 
 

5.1 General Experimental Results 
 

Table 3: The peeling results with the incisor bar for spruce 

 
Note: * Peeler blocks marked with log number and section in sequence 
            ** Rubbing occurred between block and knife causing motor stops during peeling 
            *** Best settings among 32 combinations 
            **** Veneer average thickness was over-the-target   
 
Table 3 summarized 32 combinations of all 5 controllable variables and their testing results. With an 
incisor bar, as far as veneer curl-up was concerned, the average number of curl-ups was 2.7 and the sum 
height was 2.14 inch. Of the 32 experiments, it can be seen that No.9 or No. 14 experiment generated the 
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best results in terms of both veneer thickness variation and veneer curl-up. However, for experiment No. 
9, due to the serious rubbing between the knife and block caused by a small pitch angle, the veneer ribbon 
appeared to be wavy and discontinuous. Although both No. 4 and 5 experiments had small veneer curl-
ups and low thickness variation but the veneer thickness was over-the-target. Therefore, No.14 can be 
seen as the optimum settings to peel veneer with the incisor bar. 
 
In contrast, the peeling results with smooth roller bar were summarized in Table 4. 
 

Table 4: The peeling results with the smooth roller bar for spruce 

 
*Note:  No. 10 shows a small veneer curl-up but a large veneer thickness;  

                    No. 25 is good in both veneer thickness variation and curl-up 
 
From Table 4, as far as veneer curl-up was concerned, the average number of curl-ups was 2.1 with a sum 
height of 1.43 inch. Comparing Table 3 and Table 4, one may conclude that peeling veneer using a 
smooth roller bar results in less curl-up and higher thickness variation than using an incisor bar. However, 
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in a previous report (Dai et al, 2001) using matched samples with a similar core moisture content, it was 
concluded that peeling with the incisor bar produced less curl-up than peeling with the smooth roller bar. 
The other important variable affecting curl-up is the block moisture content. Thus the smaller curl-up 
using the smooth bar was mainly attributed to the higher moisture content at the core (average 65% MC) 
compared to lower moisture content in the blocks peeled using the incisor bar (average MC= 35~40%). 
Higher moisture in the core was caused by continuous water spray during storage, which contributes to 
the plasticity of wood, therefore results in less veneer curl-up. By comparing the experiment No. 27, 28, 
29, 30, 31, 32 (with same lathe setting), it seemed that higher moisture in the core contributes to the 
reduction of veneer curl-up. 
 
Of the 32 experiments, it can be seen that No.25 experiment generated the best results in terms of both 
veneer thickness variation and curl-up. Although the No.10 experiment had smaller veneer curl-up, 
veneer appeared to be thicker and had more thickness variation than experiment No. 25.  As in the case of 
real production, the bar overdrive level for the No. 25 experiment was 100%, which meant no difference 
in linear speeds of the smooth bar and the block. This further demonstrated that to minimize veneer 
thickness variation, the block and the roller bar should move at the same speed during peeling using the 
smooth roller bar. 
 
Veneer thickness variation is one of the most critical quality criteria. In this study, the veneer thickness 
variation was compared between the incisor bar and smooth roller bar. For each type of bar, 32 blocks 
were peeled with 32 different lathe settings (Tables 1 and 2). For each block, 6 veneer sheets were 
sampled with 2 sheets each from the sap, heart and core. For each sheet, 9 measurements were taken. 
Therefore a total of 32 x 6 x 9 (=1728) measurements were obtained which were then used to plot the 
frequency distribution and cumulative frequency distribution. This population almost covered all possible 
lathe settings currently used in commercial production. 
 
Veneer thickness distribution peeled with an incisor bar was plotted in Figure 2.  
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Figure 2: The thickness distribution of veneer peeled with an incisor bar 
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The average thickness for the whole population using the incisor bar was 0.133”which was close to the 
0.132” target. The standard deviation was 0.0047”. As shown in Figure 3, the average veneer thickness 
for smooth bar peel was 0.136”which was higher than the target (0.132”). More importantly, the standard 
deviation using a smooth bar was somehow higher (0.0058”) than that using an incisor bar. The reason 
could largely attribute to the bar overdrive used in the smooth roller bar peeling for most of the 
combinations.  
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Figure 3: The thickness distribution of veneer peeled with a smooth roller bar 
 

5.2 Identifying Important Parameters Using Incisor Bar Peeling 
 
Using the JMP statistical analysis program, the importance of controllable variables on veneer quality was 
screened out in a descending order, as shown in Figure 4. 
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Figure 4: Identification of importance variables affecting veneer quality  
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Generally, the steeper the slope of the variable, the more important the variable. According to Figure 4, 
the importance of 5 variables in a descending order from number 1 to 5 affecting various veneer quality 
criteria can be outlined with number 1 representing the most important. The results are shown in Table 5. 
 

Table 5: The importance of 5 variables on various veneer quality criteria 

 
 
According to Table 5, pitch angle and horizontal gap were the two most critical variables affecting veneer 
quality in terms of both thickness variation and veneer curl-up, followed by vertical gap, bar overdrive 
and peeling speed. As also seen from Figure 4, the effect of five controllable variables on different veneer 
quality criteria was quite different and complicated.  
 

5.2.1 Pitch Angle (X1) 
 
It was worth noting from Figure 4 that the effect of pitch angle on veneer thickness variation (either 
thickness variations at sap, heart and core or grand thickness variation) and veneer curl-up all followed 
the parabolic shapes. However, the curve openings were in the opposite directions. In other words, to 
reduce veneer curl-up, a larger pitch angle (such as 91.50, coded value=2) towards the core should be 
used, however, veneer thickness variations from sap to heart to core would be adversely affected with the 
core being affected the most. A large pitch angle contributed to the reductions in average veneer thickness 
at the sap and heart, but not the core. A trade-off was deemed to exist between veneer thickness variation 
and curl-up. Based on Figure 4, a pitch angle of approximate 90.50 (coded value = 1) seems most suitable 
for veneer peeling with the incisor bar with an aim to reduce both veneer thickness variation and curl-up. 
 

5.2.2 Vertical Gap (X2) 
 
As seen from Figure 4, a smaller vertical gap such as 0.35” (coded value= -2) could help reduce veneer 
curl-up at the core. However, at this level, the veneer thickness variations at the sap, heart and core were 
deteriorated. On the other hand, a larger vertical gap such as 0.5” (coded value = 2) worsened both veneer 
thickness variations and veneer curl-up.  Increasing vertical gap tended to increase veneer average 
thickness, causing veneer thickness over-the-target. To balance veneer thickness variation and curl-up, a 
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vertical gap at about 0.3875” (coded value = -1) is seen as most suitable for veneer peeling with the 
incisor bar.   
 

5.2.3 Horizontal Gap (X3) 
 
As seen from Figure 4, an upper level of horizontal gap such as 0.12” (coded value= -2) could help reduce 
veneer curl-up at the core. However, at this level, the veneer thickness variations at the heart and core (not 
the sap) were deteriorated. On the other hand, a low level of horizontal gap such as 0.08”(coded value = 
2) worsened both veneer curl-up at the core and veneer thickness variations at the sap, heart and core. 
Increasing horizontal gap tended to increase veneer average thickness at sap and core with sap veneer 
being affected the most. At a horizontal gap of 0.1” (coded value = 0), overall veneer thickness, sap 
veneer thickness and thickness variations at heart and core approached to optimum. To balance veneer 
thickness variation and curl-up, a horizontal gap at about 0.1”(coded value = 0) is seen as most suitable 
for veneer peeling with the incisor bar.   
 

5.2.4 Peeling Speed (X4) 
 
As seen from Figure 4, within the scope of this study, a larger peeling speed at 300 fpm (coded value=2) 
contributed the reduction of veneer curl-up but not the veneer thickness variation. However, overall, the 
effect of peeling speed on veneer average thickness and thickness variation was negligible since the 
shapes of two curves were close to flat. At a peeling speed of 300 fpm, the average veneer thickness was 
0.132” with a standard deviation of 0.0045”, which was within the control limits of 0.132”± 0.005”.  
 

5.2.5 Bar Overdrive Percentage (X5) 
 
As seen from Figure 4, with the incisor bar, bar overdrive percentage had some effect on veneer curl-up 
and veneer thickness variation. As shown in experimental No. 26 in Table 3, using an upper level of bar 
overdrive (102%, coded value=2) helped reduce the veneer curl-up. However, it was observed that veneer 
ribbon was not continuous after peeling. This is mainly because the pulling force from incisor teeth 
exceeds the veneer tensile strength perpendicular to the grain. Therefore, high overdrive percentage is not 
feasible for the real production. A bar overdrive percentage of 100.5% (coded value = -1) could help 
reduce the thickness variations at sap, heart and core. Compared to without overdrive (100%, coded 
value= -2), this overdrive level (100.5%) did not apparently contribute to the reduction of veneer curl-up. 
However, overall, it helped retain the target veneer thickness (0.132”) with a thickness variation smaller 
than ± 0.005”.  
 

5.3 Regression Models of Veneer Quality Criteria 
 
Using the JMP software program, following mathematical models can be generated for the incisor bar 
veneer peeling:  
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Sap veneer thickness standard deviation  
            = 0.0033 – 0.000456 X2*X5 + 0.000326 X4

2+0.000246 X3         (R2=0.46) 
 
Heart veneer thickness standard deviation  
            = 0.00237 + 0.000433 X4 + 0.000365 X3

2+0.000475 X1* X3  
                     – 0.000475X3* X5 + 0.000315 X2

2                                                           (R2=0.62) 
 
Core veneer thickness standard deviation  
= 0.00241 + 0.000569X2*X4 – 0.000506X1* X4 + 0.000456 X1* X2     +0.000444X3* X4 + 0.000317X1

2 – 
0.000296X1                                 (R2=0.85) 
 
Veneer curl-up at the core 
           = 2.722 – 0.732X2*X5 + 0.621X3* X4- 0.599X1* X2 –0.468 * X1     (R2=0.74)    
 
Generally, the above regression results are good especially with core thickness standard deviation and 
curl-up. The accuracy could be improved by peeling more replicates for each experiment. As seen from 
above four equations, using the incisor bar, the effect of controllable variables on veneer quality 
especially thickness variation and curl-up are very complicated with interactions existing between 
variables. 
 
In contrast, for the smooth roller bar, a regression model for veneer curl-up at the core was generated 
using the JMP software giving 
 
Veneer curl-up at the core  
= 1.205 + 0.268 * X3

2 + 0.243 * X3- 0.242 * X2            (R2=0.40)  
 
Although the correlation is not strong, it might still indicate that using the smooth roller bar, veneer curl-
up is mainly controlled by the horizontal gap and vertical gap. Within the range studied, the bigger 
vertical gap helps reduce veneer curl-up and peeling loose veneer helps reduce veneer curl-up at the core. 
Also a peak point can be found based on the above equation, that is, when the coded value of horizontal 
gap is about 0.45 (real horizontal gap is 0.105”), the minimum veneer curl-up can be achieved. 
 

5.4 Joint Optimization of Controllable Variables 
 

5.4.1 Peeling with the Incisor Bar 
 
Since there is a trade-off between veneer thickness variation and veneer curl-up (or recovery), a method 
of joint optimization needs to be considered for veneer peeling with the incisor bar. This method allows 
us to find a compromise or the best solution between different criteria. As one typical case, we regard 
veneer thickness variation and curl-up as equally important. So our objective is to minimize veneer curl-
up and thickness variation by assigning 50% of weight to veneer curl-up and 50% of weight to sap, heart 
and core veneer thickness standard deviations.  
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Objective function (Y)  
 
=  1/6*1000*(Sap thickness standard deviation + Heart thickness standard deviation + Core thickness 

standard deviation)  + 1/2* Veneer curl-up at the core 
=   2.708-0.283*X1+0.041*X3+0.072*X4-0.224*X1*X2+0.079*X1*X3-0.084*X1*X4+0.095*X2*X4-

0.442*X2*X5+0.385*X3*X4-0.079*X3*X5+0.0528*X1
2+0.0525*X2

2+0.0608*X3
2+0.0543*X4

2 
 
The solution: 
By minimizing objective function (Y), subject to 10 constraints with two for each variable, the best 
combination of 5 variables is (2, 2, -2, 2, -0.9) or (91.5, 0.5, 0.12, 300, 100.5%) in real value. This result 
did indicate that a large pitch angle helps reduce the veneer curl-up. Notice that assigning veneer curl-up 
50% of weight in the objective function (Y) could overshadow the importance of veneer thickness 
variation. In fact, there are several options to assign the weight ratios to the objective function (Y), which 
will result in different optimum results; on the other hand, it will be more practical to take veneer average 
thickness into account and bring the veneer average thickness at the sap, heart and core into the objective 
function (Y). However, due to the limitation of the significance of regression equations for veneer 
thickness, it is advisable not to perform further optimization calculations.  
 
From Section 5.2, a combination of five controllable variables at coded values of (1, -1, 0, 2, -1) would 
give the optimum results in terms of both veneer thickness and curl-up. This combination transfers to 
pitch angle 90.50, vertical gap 0.3875”, horizontal gap 0.1”, peeling speed 300 fpm and overdrive 
percentage level 100.5%. Compared to experimental No. 14 with coded values of (1, -1, 1, 1, -1) in the 
Table 3, it can be seen that the combination differs in the horizontal gap and peeling speed. Experimental 
No. 14 gave a tighter gap with a compression ratio of 22.4% at the block diameter of 10”, whereas the 
identified optimum settings generated a compression ratio of 14.8% at the same block diameter.  
 

5.4.2 Peeling with the Smooth Roller Bar 
 
For the smooth roller bar peeling, since the regression equations were not as significant as the incisor bar 
due to the variation of block moisture contents, it was advisable not to pursue the analysis of importance 
of the 5 variables and then identify the optimum combination of 5 variables. However, based on Table 4 
and Section 5.1, the experimental No. 25 with a combination of five controllable variables at coded values 
of (0,0,0,0, -2) can be seen as the proper lathe settings for the smooth roller bar. This combination 
transfers to pitch angle 89.50, vertical gap 0.425”, horizontal gap 0.1”, peeling speed 200 fpm and 
overdrive percentage level 100%.  
 

5.5 Validation of Optimum Controllable Variables 
   
In order to verify the optimum settings for both incisor bar peeling and smooth roller bar peeling, some 
control and validation experiments were conducted. Two 8’ long logs were used with eight 12” blocks 
cutting from log No.1 and seven 13” blocks cutting from log No. 2 to minimize the variations of log 
source and log quality especially block moisture content. In total, fifteen blocks were cut with a sequence 
from 1 to 15. Another three blocks (No. 16, 17 and 18) were cut from three different spruce logs and 
peeled with the optimum lathe settings.  The results are summarized in Table 6. 
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Table 6: Validation of optimum lathe settings for both incisor bar and smooth roller bar 
with spruce veneer 

 

 
Note:   * non-continuous peeling due to rubbing 
 ** veneer ribbon was wavy due to high compression ratio 
 *** veneer ribbon was fully broken due to high compression ratio 
 **** veneer ribbon was good but a breakage occurred just close to core 
 ***** CR (compression ratio) was calculated based on a block diameter of 10” 



Optimization of Veneer Peeling Parameters with Incisor Bar and Smooth Roller Bar  
 
 
 
 

 
 

15 
 

5.5.1 Validation for the smooth roller bar 
 
As shown in Table 6, blocks 1, 3, 5 and 7 from first log (No.1) were used to validate the optimum lathe 
settings for the smooth roller bar. Four replicates were used generating consistent results. The overall 
thickness was 0.1315” with a standard deviation of 0.0044”. The average veneer thickness and standard 
deviations at sap, heart and core were within the target. At this setting, the veneer curl-up proved to be 
small with two and half peaks on the average with an average sum of veneer peak height of 1.2”. In 
addition, the average roughness grade was 3.8. 
 
To investigate the effect of log source, block 9 from second log (No.2) was also used to validate the 
optimum lathe settings for the smooth roller bar. The results confirmed those obtained with the log No.1. 
 
As shown with block No. 10 in Table 6, a lathe setting with a small pitch angle at 88.50 was used to peel 
veneer with an initial compression ratio of 7.3%. It was observed that the veneer ribbon was not 
continuous due to the large rubbing friction between knife and block, although veneer thickness, 
roughness and curl-up were acceptable. Therefore, this setting was not acceptable for veneer peeling.  
 

5.5.2 Validation for the incisor bar 
 
As shown in Table 6, following two lathe settings (block No. 14 and 15) were used to validate veneer 
peeling with the incisor bar:  
 
1) The setting coded with (1, -1, 1, 2, -1):  
 
This setting was established from the experimental results as shown in Table 3. The setting converted to 
pitch angle = 90.50, vertical gap = 0.3875”, horizontal gap = 0.09”, peeling speed = 300 fpm, overdrive 
percentage level= 100.5% and tested with block No. 14.  
 
2) The optimum setting coded with (1, -1, 0, 2, -1):  
 
This setting was established through the analysis of Figure 4 and Table 5.  The setting converted to pitch 
angle = 90.50, vertical gap = 0.3875”, horizontal gap = 0.1”, peeling speed = 300 fpm, overdrive 
percentage level = 100.5% and tested with block No. 15;  
 
The difference between those two settings was that one setting (block No. 14) used a higher compression 
ratio of 22.4% (tighter gap) compared to 14.8% (block No. 15) at a block diameter of 10”. Based on Table 
6, by peeling block No. 14 and No. 15 from same log with two different settings, it showed that both 
settings could produce quality veneer in terms of veneer thickness, thickness variation, roughness and 
curl-up. However, the optimum setting did generate much better veneer quality with smaller variation of 
veneer thickness and less curl-up. Further, the optimum setting eliminated the breakage in veneer ribbon 
close to the core as observed from the first setting due to the tight gap between knife and incisor bar. 
Comparatively, the optimum setting could reduce approximately 50% of veneer curl-up and 20% of 
veneer thickness variation.  
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The validation of the optimum lathe setting was also done in terms of different log sources and log 
moistures. As shown in Table 6 (block No.16, 17, 18), three more spruce blocks were cut from three 
different spruce logs and peeled with an average core moistures of 41%, 49% and 64%,  
 

5.5.3 Comparison between incisor bar and smooth roller bar 
 
To compare the incisor bar with the smooth roller bar, a control test was conducted with 4 replicates. To 
minimize the effect of log variation, blocks 2, 4, 6 and 8 from first log (No. 1) were used to peel veneer 
with the optimum lathe settings found for the smooth roller bar except that a bar overdrive percentage of 
100.5% was used. As seen from Table 6, at this lathe setting with the incisor bar, using a bar overdrive 
percentage of 100.5%, veneer curl-up at the core was reduced in terms of both number of peaks and sum 
of peak heights. Quantatively, veneer curl-up using incisor bar was reduced by 1/3 compared to the 
smooth roller bar. However, overall veneer thickness using incisor bar was slightly over the target 
(0.132”). Especially, the thickness variation at the heart was over the target of 0.005”. Further, veneer 
roughness grade was 4.1 compared to 3.8 with the smooth roller bar. It demonstrated that the optimum 
lathe settings for smooth roller bar might not be suitable for the incisor bar because it caused rougher 
veneer surface and more veneer thickness variation. Therefore, alternative optimum lathe settings need to 
be sought for incisor bar veneer peeling. 
 
Following the same pattern, the optimum lathe setting obtained with the incisor bar is not suitable for the 
smooth roller bar peeling. As shown in Table 6, two experiments (Block No. 11 and 12) were conducted 
to verify whether the proper setting with the incisor bar coded with (1, -1, 1, 2, -1) was applicable to the 
smooth roller bar peeling. The only difference was that smooth roller bar peeling used no overdrive 
percentage level (100%). It was observed that the peeled veneer ribbon was either wavy (for block No. 
11) or fully broken (for block No. 12). In contrast, the veneer ribbon peeled with the incisor bar (No. 14) 
was good except that one breakage occurred close to the core. This demonstrated that incisor bar 
overdrive could help veneer exit the tighter gap by introducing some stretch force to the veneer, therefore 
making veneer flatter.  
 
Generally speaking, the optimum bar gaps should be such that compression ratio should be around 15% 
for the incisor bar and 13% for the smooth roller bar measured at block diameter of 10”. Comparatively, 
by introducing a small overdrive level such as 100.5%, the incisor bar peeling is allowed to use a bigger 
pitch angle and a slightly tighter gap than the smooth roller bar.  
 
By comparing the respective optimum lathe settings (No.1, 3, 5 and 7 with No.15,16,17 and 18), it was 
concluded that incising at the lathe did not contribute to more thickness variation in veneer. However, 
peeling with the optimum settings for both the incisor bar and smooth roller bar, the core veneer thickness 
increased compared to the sap and heart. The reason could be due to the fact that wood compression from 
the bar went down as the peel approached the core. Such variation can therefore be minimized in real 
production where the bar gaps can be adjusted. 
 

5.6 Comparison between spruce and Douglas fir 
 
Spruce and Douglas-fir were compared using the optimum lathe setting for spruce veneer with the incisor 
bar. For comparison, the data for blocks 15, 16, 17 and 18 from Table 6 are included in Table 7. Four 
Douglas-fir blocks were cut from two logs. As seen from Table 7, with this setting, on the average, veneer 
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quality was good in terms of veneer average thickness, thickness variation and curl-up for both spruce and 
Douglas-fir. Although the average core moisture of spruce is higher compared to Douglas-fir, the curl-up 
of spruce veneer was generally greater than Douglas-fir veneer. Also Douglas-fir veneer tended to be 
smoother than spruce veneer.  
 

Table 7: Comparing spruce with Douglas-fir with the optimum lathe setting 

 
 

6 Conclusions 
 
Significant interactions existed between the main peeling variables. Veneer thickness variation and curl-
up were lathe setting dependent. Pitch angle and horizontal gap were identified as the two most critical 
variables affecting veneer quality in terms of both thickness variation and veneer curl-up, followed by 
vertical gap, bar overdrive (incisor bar) and peeling speed. 
 
There was a trade-off between veneer curl-up and veneer thickness variation. Based on a joint 
optimization method, the optimum lathe settings for either incisor bar or smooth roller bar veneer peeling 
have been established and validated for spruce, which can help industry achieve better veneer quality and 
higher veneer recovery as well.  
 
The optimum lathe settings for smooth roller bar peeling and incisor veneer peeling for spruce were  
different, which demonstrated that lathe settings need to be adjusted after changing bar from one to 
another. The optimum lathe settings for smooth roller bar peeling were pitch angle 89.50, vertical gap 
0.425” and horizontal gap 0.1”. In contrast, the optimum lathe settings for incisor bar peeling were pitch 
angle 90.50, vertical gap 0.388”, horizontal gap 0.1” and overdrive percentage level 100.5%. Compared to 
smooth roller bar peeling, incisor bar peeling allowed a slightly tighter gap (or higher compression) to 
maximize the bar overdrive. By comparing the respective optimum lathe settings, it was concluded that 
veneer incising at the lathe did not contribute to more thickness variation in veneer.  
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Compared to Douglas-fir, spruce tended to generate more serious curl-up veneer. For spruce veneer, 
higher moisture in the core contributed to a reduction in veneer curl-up.  Using the optimum settings with 
the incisor bar for spruce, it was found that these settings also produced high quality veneer when peeling 
Douglas-fir. 
 

7 Recommendations 
 
The findings in terms of optimum lathe settings were based on the tests with the mini-lathe, which is quite 
different from industrial lathes. It should also be noted that the incisor teeth used on the mini-lathe is 
thinner and narrower than what is being used in the industry. Due to these differences, the optimum lathe 
settings reported herein will likely be adjusted before being applied to practical uses. Nevertheless, the 
general methodology (particularly the statistical method) and findings on lathe parameters should be 
useful to understand the mechanisms governing the lathe operation.  
 
It is recommended that similar studies be carried out on industrial lathes to determine optimum settings 
for specific lathes. 
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