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FOREWORD 

This handbook discusses the principles governing the adjustment of 
high speed planers. It summarizes the basic principles the observance 
of which will ensure adequate performance in terms of production and 
quality, as well as maximum service life of planer equipment. Further
more, it provides a new method for conducting a diagnostic evaluation 
of planer adjustment and introduces a new concept for the optimization 
of planer depth-of-cut. 

The techniques and information contained in this handbook are 
intended primarily for millwrights, planer operators, quality control 
personnel and managers of high production softwood planer mills. 
Several techniques and recommended practices also apply to hardwood 
planer operations and to all other planer and moulder operations. 
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1.0 GENERAL CONSIDERATIONS 

1.1 Choosing a planer 

Several technical factors must be considered when choosing a planer. 
The most important among these include; 

• species to be planed; 
• moisture condition; dry or wet; 
• production speed; 
• the end-product; and 
• quality desired. 

The species to be planed and whether they will be dry or wet are factors 
which serve to determine the most appropriate cutting angle. Since the 
cutting angle of the bottom and top cylinders (heads) is machined by 
the planer manufacturer, it is important to choose a cutting angle that 
will be appropriate for the majority of species while allowing for specific 
adjustments through appropriate grinding. It is easy to reduce the 
cutting angle by grinding a micro-bevel on the front of a knife 
(Appendix 1). It is impossible, however, to increase the cutting angle 
per se. 

For green SPF, an angle of 30° to 35° is recommended. For kiln dried 
lumber, an angle of 20° to 25° is preferable. Many lumber manufacturers 
who machine several species in varying conditions use an angle of 25° 
to 27° and obtain satisfactory results (11). Appendix 1lists cutting angles 
for various species and conditions. 

The end-product and the planing speed are a function of the desired 
quality of the end-product and of the number of knives in the top and 
bottom cylinders respectively. One way to evaluate the quality of 
planing is to count the number of knife marks per inch (KMl). A surface 
with between 4 and 8 KMI is considered acceptable to good for dimen
sion lumber. Appendix 2 contains a table indicating the number of KMI 
for various combinations of knives and feed speeds. Applying the 
minimum quality criteria of 4 KMI, a cylinder should be equiped with 
18 knives to achieve a production speed of 1,150 feet per minute. 



However, several new planers feature large diameter cylinders which 
makes it possible to obtain an acceptable finish, even with a low KMI. 

1.2 Installation 
Foundation and anchoring 
Planer manufacturers usually provide a foundation plan which 
corresponds to the requirements of their equipment. It is advisable, 
however, to check whether the plans provide for adequate space under 
the planer to facilitate cleaning and mechanical maintenance. It is also 
important to consult an engineer or an architect to determine the 
dimensions of the sole plate in relation to the mass of the foundation, 
the machine and the soil type. As a rule, the mass of a cement foundation 
should be at least equal to that of the machine it supports. 

It is advisable to consult reference documents such as the Millwright's 
and Mechanic's Guide (12) for guidance in selecting the type of anchoring 
bolts and the various possible anchoring arrangements. 

If conventional cement is used for the foundation, a 28-day curing 
period is required. If shorter periods are necessary, special cements 
containing curing accelerators must be used. 

When the cement is sufficiently hardened, install the planer on its 
anchor bolts making sure there is at least one inch between the 
foundation and the planer frame to allow for levelling and anchoring. 

Levelling 
To level a planer, it is common practice to use metal shims or any other 
system designed to lift and position the machine with precision. 

To ensure that the machine is properly levelled and that its internal 
components are all parallel, use a long straight edge and a precision 
level. The straight edge must be long enough to bridge the first bottom 
infeed roll and the tail plate located just before the outfeed rolls. Follow 
the manufacturer's instructions concerning the precision of machine 
adjustments. Make sure also that all other components are adjusted in 
accordance with the procedure outlined in section 2.1. When the ad just
ments have been made, weld the tightening shims together to prevent 
movement during the anchoring process. 
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Anchoring 
The grouting or mortar that will be used for anchoring the base of the 
planer must be of a type that will not shrink during curing. Furthermore, 
it should contain metallic aggregates. «Embeco» grout has been used 
successfully for several years (11). 

1.3 Safety measures 
The «lnstitut de recherche en sant6 et en securite au travail (IRSST)» 
reported recently that the frequency rate of corporal injuries in sawmills 
was about 20% compared to 7% for all Quebec industries. About 25% 
of workplace accidents happen when a worker must dislodge pieces of 
wood that are jammed in machines. Observance of safety regulations 
and standards is therefore essential. In connection with the use of 
planers, the following basic safety rules should be observed (2,3,11): 

1. Avoid standing close to planer when it is in operation and wood is 
in movement. 

2. If you must observe the planer close up when it is in operation, 
wear a face guard. 

3. Wear a face guard when jointing or sharpening planer knives. 

4. A void jointing or sharpening knives when the planer is in opera
tion. 

5. Avoid wearing loose gloves or garments when working near the 
planer or when changing knives. 

6. Never place your hands near the machine or in the machine until 
all its components are no longer in motion. 

7. Never move the planer heads to clean them or to dislodge pieces 
of wood until the heads have come to a complete stop. 

8. Make sure that the electrical current is off at the main control panel 
and that the control panel is locked with the padlock(s) used by the 
machine maintenance operators. 

9. Never authorize other persons to start or to stop the heads or feed 
rolls when you are working on the machine. 

10. Never disturb an operator when he is working on the planer. 

11. Check to make sure there are no tools in or on top of the planer 
before restarting the machine after making adjustments. 

12. Always observe established safety regulations concerning 
electricity, pneumatic and hydraulic equipment. 



2.0 OPERATION 

In a modern high speed planer mill, each material handling step or 
system is important in ensuring the optimal use of a high speed planer. 
This manual describes the steps and principles which are essential for 
the proper operation of the planer and its auxiliary equipment. 

2.1 Planer alignment 

Proper functioning of the planer requires that equipment installed in 
front and behind the planer be aligned properly. The alignment of 
auxiliary equipment must always be done with reference to the planer 
and to the tail plate located behind the bottom head. The steps for the 
alignment of a planer are described below. Numerical references refer 
to figure 1. 

Before proceeding with the alignment, it is advisable to check the wear 
of the bed plate and tail plate, the pressure bar and the chip breakers. If 
the anti-wear coating (chrome or other plating) is worn, replace the 
component. It is also advisable to change knives and to ensure proper 
jointing as described in sections 3.2 and 3.3. The alignment or the 
checking of the alignment of all planer components should be scheduled 
during maintenance periods rather than during production time. Com
prehensive adjustments should be performed regularly on a weekly or 
bi-weekly basis. There are two types of alignment: parallel and longitu
dinal (2,3,11). 

Parallel alignment 
This refers to the adjustment of planer components which affect lumber 
quality and thickness. This adjustment primarily involves alignment on 
the same plane of the infeed rolls, the plates and the top and bottom 
heads. The term transversal alignment refers to the placement of the 
straight edge on each side of the planer to ensure that the extremities of 
planer components are parallel to each other. 

Longitudinal alignment 
This refers to the adjustment of planer components which affect lumber 
quality and width. This adjustment involves setting the main guide at 
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a given angle making sure that the longitudinal components are parallel 
to the guide, and setting the depth of cut of the side heads. 

2.1.1 Parallelism (Figure 1) 

STEPS 

1- Ensure that all heads are fully stopped and that the main on/off 
switch is in the off position and locked with your padlock. 

2- Ensure that neither knots nor pieces of wood are lodged in the 
hinges of the head positioning systems. 

3- Unblock and raise the top head and all the infeed and outfeed rolls 
by about 4 inches. 
• Unlock the bed plate and lower it to its lowest position; 
• Remove the vacuum ducts from the side heads; 
• Thoroughly clean the planer with a compressed air jet. 

4- Clean the bed plate, the tail plate and all rolls, as required, using a 
non flammable solvent. 

5- Unlink the first two bottom infeed rolls if they have a common 
adjusting device. Place the straight edge (1) between the tail plate 
(2) and the first bottom infeed roll (3) on the side of the guide. 

6- Raise the bed plate (4) and lower the second bottom infeed roll (5) 
so that they are 1 /8 inch from the straight edge. 

7- Raise, lower or incline the first bottom roll (3) so that the straight 
edge is entirely in contact with the tail plate (2). Check the contact 
on each side of the straight edge with a 0.002 inch feeler gauge. The 
feeler gauge should not slide in between the straight edge and the 
tail plate. 

8- Lay down the straight edge on the other side of the tail plate and 
infeed roll and repeat step 7. The roll is now transversely parallel 
to the tail plate and the line formed by the straight edge constitutes 
the «0)) reference point. The adjustment of planer components will 
be made with reference to this line. 

9 - Raise the second lower infeed roll (5) to obtain a space of 0.006 inch 
between it and the straight edge if the planer operates faster than 
600ft/min or a space of 0.012 inch if it operates at a slower speed. 
Check both sides of the roll to ensure that they are equidistant from 
the straight edge. 

10- When both rolls have been adjusted to the prescribed tolerances 
and are parallel to the tail plate, link the rolls back together. 
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Figure 1. Side view of a high speed planer 

1 - Straight edge 
2- Receiving or tail plate (A) 
3 - First infeed roll (A) 
4- Bed Plate 
5 -Second infeed roll (0.006" to 0.012") 
6- Bed plate section between rolls (-3/8",- 0.375") 
7 - Reference point beneath the top head 
8- Top head or cylinder(A) 
9- Bed plate reference point for side heads ( 0,000" to 0,002") 

10- Bottom head or cylinder(+ 0,005") 
11 - Bottom outfeed roll ( + 0,030 ") 
12- Top infeed rolls 
13- Chip breaker(- 0,125 ") 
14- Pressure bar 
15- Clearance in relation to the straight edge of 0.006" to 0.012" 

NOTE: -Point A: Complete contact with the straight edge 
- Point B: Clearance of 0.002" between straight edge 

and surface 
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11- The plate (6) located between the two bottom infeed rolls must be 
transversely parallel to the rolls and be 3/8 inch (0.375 in) lower 
than the straight edge. 

12- Raise the bed plate (4) to use a 0.002 inch feeler gauge to check the 
transversal alignment of the plate. Take care not to raise the straight 
edge when raising the bed plate. Place the straight edge on one side 
of the bed plate and check the space between the plate and the 
straight edge (7) right beneath the top head (8). Move the straight 
edge to the other side of the plate and check whether the spacing 
is identical to the corresponding point on the other side. Make the 
necessary adjustments to ensure uniform spacing. 

13- Align the bed plate lengthwise. Use metal shims as needed and 
insert them between the bed plate rail and the frame to achieve the 
required adjustment. Since the adjustment depends on the feed 
speed, make sure there is the same clearance between the bed plate 
and the straight edge on the front part of the bed plate as there is 
between the straight edge and the second bottom feed roll (5). The 
section of the bed plate located directly beneath the top head (7) 
should be in contact with the straight edge. 
Note: Certain makes of planer already have an angled bed 

plate. If that is the case, ensure that the bed plate is in 
contact with the straight edge directly beneath the top 
head. 

14- Adjust the side heads matcher plate (9) in such a way that it is 
transversely parallel to the tail plate (2). For certain types of planers, 
manufacturers recommend that the matcher plate (9) be in contact 
with the straight edge. However, we recommend a clearance of 
0.001 to 0.002 inch to prevent premature wear. 

15- Adjust the bottom head (10) so that it is transversely parallel to the 
tail plate (2). Raise the head so that the knives, when turned in 
counter rotation, barely come in contact with the straight edge. 
Move the straight edge to the other side and repeat the operation. 
If the knives do not appear to have a straight cutting edge, it may 
be that the head or the jointing system are not parallel. To avoid a 
poor adjustment as a result of this problem, remove a knife and use 
the bottom of the slot as a reference point to measure an equal 
distance between the straight edge and each end of the head. 
The guide bar and the stone-holder of the jointing system must also 
be checked and adjusted as needed (See Section 2.1.3). 



16- Lower the bottom outfeed roll (11) and check whether it is trans
versely parallel to the straight edge, and adjust as needed. 

17- Remove the straight edge and, using a small precision ruler as a 
guide, raise the lower outfeed roll (11) so that it is 0.025 to 0.030 
inch above the reference line. Additionally, raise the bottom head 
(10) so that it is 0.005 inch above the reference line to compensate 
for the decompression of wood after planing and to prevent over
heating of the tail plate (2). 

18- Adjust the top head (8) so that it is transversely parallel to the tail 
plate. Use a metal block of precise dimensions and a feeler gauge 
(F) as illustrated in figure 2. 
The top head assembly includes the chip breaker (13), the top head 
(8) and the pressure bar (14). This assembly moves as a unit but it 
is important that its components be properly aligned in relation to 
the top head and the tail plate, as follows: 
• Using the block, make sure that the pressure bar (14) is trans

versely parallel to the tail plate (2) and to the bed plate (4) (fig. 
2Aand2B); 

• Using the block make sure that the top head (8) is transversely 
parallel to the bed plate (4) (fig. 2C). Make sure that the cutting 
circle of the top head is 0.002 to 0.003 inch lower than the pressure 
bar. 

• Make sure that the chip breakers (13) are transversely parallel to 
the tail plate and are 3/32 to 1/8 inch (0.090 to 0.125 inch) lower 
than the cutting circle of the top head. 

19- Adjust the two top infeed rolls {12) to ensure an appropriate 
feeding of the pieces. Take care not to adjust them so tightly that 
they imprint compression marks on the wood surface. This adjust
ment is not required on planers equipped with hydraulic systems. 
Now that all the planer components are parallel, the depth of cut 
of the heads can be set. 

20- If the desired depth of cut of the bottom head is 1/16 inch (0.063 
inch), lower the bed plate ( 4) by 1/8 inch (0.125 inch) then raise it 
so that the spacing between the straight edge and the back section 
of the bed plate is 1/16 inch (0.063 inch). 
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Figure 2. Adjustment of the parallelism of the top head assembly 

-A
Transversal plane 

(rear) 

-B
Longitudinal plane 

-C
Transversal plane 

(front) 

® 

~ 2- Receiving or tail plate 
4- Bed plate 
8- Top head or cylinder 

10- Bottom head(+ 0.005") 
13- Chipbreaker (- 0.125") 
14 - Pressure bar 

F - Feeler gauge 



21 - Adjust for lumber thickness by lowering the top head assembly so 
that it will be about 0.060 inch lower than the desired thickness. The 
exact depth of cut will be set using pieces of lumber during the final 
adjustments. 

Note: It is advisable to always make adjustments by raising the 
heads or the tables. That way, wear and backlash in the 
positioning system least affect the desired setting. 

2.1.2 Longitudinal alignment (Figures 3 & 4) 

STEPS 

1 • Align the inside section of the main guide (1) located at the planer 
entrance with the end of the first bottom infeed roJl (2) as indica ted 
at point 3. 

2- Measure the distance (in feet) between the first infeed roll at point 
3 and the end of the outfeed roll at point 4. This distance, multiplied 
by 1/16 inch gives the maximum distance in inches between the 
main guide and the end of the lower outfeed roll at point 4. 

Example: If the distance between points 3 and 4 is 10 feet, the 
inside section of the guide shoud not be placed farther 
than 5/8 inch (0.625 in) of the end of the outfeed roll, 
as illustrated at point 4. 

The purpose of this adjustment is to maintain good contact between 
the guide and the lumber during planing of the sides. An adjust
ment of more than 1/16 inch per foot will result in increased friction 
between the guide and the wood. This will cause overheating of 
the guide and feed resistance. 

If an adjustment of 1/16 inch per foot is insufficient to ensure a 
good contact between the lumber and the guide, other adjustments 
are possible. One of these consists in angling the lower infeed rolls 
in relation to the main guide. The angle formed by the rear surface 
of the roll and the guide could be about 80° (12). This angle will 
move the lumber towards the main guide. 

3- The inside chipbreaker (5, fig. 3) must be precisely in line with the 
main guide (1). 

4- The depth of cut of the inside head (A, fig. 4) will be determined 
by the projection of the cutting circle (6) in relation to the chip
breaker (5). The depth of cut should not exceed 3/32 inch. 
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Figure 3. Top view of the lower section of a planer 

1 - Main guide 
2 - First bottom infeed roll 
3- End of the roll 
4- End of the bottom outfeed roll ( 1 /16" per ft.) 

5 - Inside chipbreaker section 
6 - Inside head 
7- Inside receiving guide section 
8 - Outside head 
9- Outside receiving guide section 

10- Outside chip breaker 
11 - "Datum" line 
12- Angle between infeed rolls and the main guide 

14 I FORINTEK CANADA CORP.] 



Figure 4. Top view of the side heads adjustment system 
(Enlargement of figure 3) 

~ ® 3. 
~<-----=0'---------"' ._ __ lA_----

5 -Inside chi phreaker section 
6 - Inside head 
7- inside receiving guide section 
8 - Outside head 
9 -Outside receiving guide section 

10- Outside chip breaker 

A - Depth of cut 
B - Clearence 1 I 8 .. 



5 w The inside section of the receiving guide (7, fig. 4) should be parallel 
to the main guide but in line with the cutting circle. 

6 w The distance between the inside head (6) and the outside head will 
determine the width of the planed lumber. During the preliminary 
adjustments, always process slightly wider lumber ( + 1/32 inch) so 
as to be able to make the final adjustment of the outside head by 
tightening the adjustment device. 

7 w The outside receiving guide section (9, fig. 4) is adjusted like the 
inside guide, as described in step 5. However, as mentioned in step 
6, the adjustment of the outside guide should be done in two steps: 
rough adjustment and final adjustment. 

2.1.3 Jointing System 
Every six months, it is advisable to check whether the jointing system 
components are parallel to their respective head. The numerical 
references used below refer to figure 5. 

STEPS 

1 - Remove one of the knives as well as the gib and carefully clean the 
slot. 

2 w Measure the distance between the guide bar (1) and the bottom of 
the slot (2) at both ends of the head. If the difference between the 
two measurements exceeds 0.005 inch, adjust the guide bar to 
reduce the difference. 

3 w Measure the distance between a point on the stone holder (3) and 
the bottom of the groove. Move the stone holder to the other end 
of the guide bar taking care not to change the feed of the stone 
holder and take new measurements at the same point. If the differ
ence exceeds 0.005 inch, adjust or replace the stone holder to ensure 
that it is stable on the guide bar. 

2.1.4 The «Datum» line 
The Datum line is a line which is parallel to the length of the planer. 

This reference line will facilitate making or checking adjustments to the 
main guide and to the alignment of the infeed table, of the live bridge 
and of the outfeed table. 

This line is not necessarily located at the centre of the planer but it must 
be parallel to its longitudinal plane. The numerical references included 
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Figure 5. Diagram of the head jointing system 

1- Guide bar 
2 - Bottom of the knife slot 
3 - Stone holder 
4- Stone 
5- Knife 
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in the explanations refer to figure 3. The following procedure serves to 
establish the Datum line. 

STEPS 

1 ~ Starting at one end of the first lower infeed roll at point 3, measure 
an exact distance (i.e., 6 inches) and mark the spot on the roll. 

2- Repeat step 1 at the end of the lower outfeed roll. 

3 - String a wire (piano wire) directly over the marks. 

4- Make sure that the line is straight. Remove one of the knives from 
the lower head and insert the short end of a carpenter's square in 
the groove. Check whether the line formed by the wire is parallel 
to the line formed by the square. After checking for precision, make 
a permanent mark at each end of the planer frame. 

You can drill and tap screw holes at the two ends of the frame to 
install a permanent device that will facilitate the rapid checking of 
the guide alignment and of auxiliary equipment. 

2.1.5 Auxiliary equipment 

Auxiliary equipment directly connected to the planer includes: the 
infeed table, the live bridge and outfeed table. The frame of these pieces 
of equipment must be perfectly aligned and parallel to the planer frame. 
Only the guides or the roll angles are adjustable. Procedures for adjust
ing these pieces of equipment are described below (See figure 6). 

Live bridge 

Using the datum line established in accordance with the method ex
plained in the preceding section, make sure that: 

1 - The live bridge (1) is parallel to the Datum line (2) and in line with 
the beginning of the main guide (3). 

Infeed table 

The infeed table guide (4) should be angled in the opposite direction to 
the main planer guide. This is achieved by moving the front end of the 
guide by about 1/16 inch per foot in the direction of the datum line (2). 
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Figure 6. Alignment of auxiliary equipment 
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Figure 7. Categories of defects 
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2.2 Feeding 
Whatever the dimension or the shape of lumber to be planed, the planer 
operator plays a key role as far as product quality and mill production 
are concerned. 

Wood has inherent natural defects and characteristics. During drying, 
these defects can appear or be amplified. One of the planer operator's 
roles is to minimise the impact of these defects on product quality and 
mill production. 

For each defect category, the desired orientation of a piece of lumber is 
described (See figure 7). 

Cup: the round face should be up. That way, the piece of lumber 
will be supported on both sides and will be more stable. 

Crook: the round face should be placed against the guide. The 
lateral matcher plate will force the piece to follow its curve and the 
sides will be planed. 

Bow: the round face should be up. Thus the top infeed rolls will 
flatten the piece. If the piece was placed upside down there is a risk 
that it could slide over the preceding piece, thereby causing a jam 
and damage to the planer. 

Twist: because twist does not have a directional tendency, there 
is no recommended orientation to be given to the piece of lumber. 
Note: Of all the defects caused or amplified by kiln drying, 

only cup can be significantly reduced or eliminated by 
planing. When defects are severe, the operator must 
judge and reject certain pieces to prevent possible 
jamming and damage to the planer. 

Wane: pieces with wane should be oriented to plane the section of 
wane which can cause the greatest degree of degrade. 

Normally, planers are adjusted so that the bottom head and the 
inside head (along the guide) make a predetermined shallow cut. 
Thus, the top head and the outside head should be the ones making 
the deeper cuts. 



The procedure to follow for pieces with significant wane is as follows: 

• on one face: 

• on one side: 

• on one face and 
one side: 

place wane up. 

wane should face outside, opposite the 
guide. 

place the piece to reduce the section of 
wane that would most reduce the quality 
of the piece. 



3.0 CHANGING AND SHARPENING 
KNIVES 

Cylinder heads are dynamically balanced by the manufacturer. It is 
important to maintain this balance when knives and gibs are installed 
on cylinder heads. The following sub-section describes the basic prin
ciples that will ensure the proper operation of your planer. 

3.1 Knives 

Whatever the type of knives, manufacturers usually ship balanced pairs 
of knives. However, the operator should always check their balance and 
identify knife pairs and groups of pairs with a personal code. It is not 
advisable to use a punch to mark knives. It is preferable to use an 
engraver. The weight of a pair of balanced knives should not vary by 
more than 0.5 gram (1/60 oz). The same applies to bolts and gibs. The 
weight of bolts and gibs should be checked every six months. 

The weight of knives should be checked and corrected after each 
sharpening using a simple balance similar to the one illustrated in figure 
8. To reduce the weight of a knife, it is recommended practice to grind 
down the side of the knife opposite to the main guide. 

It is common practice to place the largest knives on the top head because 
this head frequently makes a deeper cut than the bottom head. This 
requires greater knife stability. 

3.2 Changing the knives 

Planer knives should be changed on a regular basis and as necessary. 
The change of knives should be scheduled outside production time as 
much as possible. 

Knives should be changed before the heel reaches 1/16 inch (0.063 in). 
The steps for changing top and bottom head knives are described below. 



Figure 8. Types of balances for balancing knives 

Pan scale 

Beam scale 
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STEPS 

1- Clean the heads with compressed air. 

2- Loosen the gib bolts in the prescribed reverse order, as illustrated 
in figure 9A Begin by bolts «D», then proceed to bolts <<C» and «B». 
Bolt «A» is loosened only when the knife is changed. 

3- Remove a knife, then clean and inspect the slot, the gib and the knife 
that will be used. 

4 - Insert the new knife in position. 

• If the cylinder measures more than 15 inches in length, lightly 
tighten the penultimate bolts ( bolts «C» in figure 9A) or, 

• if the cylinder measures less than 15 inches, lightly tighten the 
last bolts (bolts «D» in figure 9A). 

5- Repeat steps 2, 3 and 4 until all the balanced knives have been 
replaced. Rcmemtx~r to install the balanced knives in pairs in 
nnnn<!ite> slots. 

6 Adjust the knives in relation to the cylinder so that they project 
equally from the cylinder head. 

Two methods are commonly used for knife adjustment, namely the 
hammer gauge and the roll gauge methods (figure 10). Whatever 
the method used, the gauge or the roll must be placed opposite the 
bolts which support the knife before inserting it in position. 

Note: The projection of knives in relation to the cylinder head 
must not be greater than 3/32 inch (0.094 in) to 
inch (0.188 in) maximum. 

If you usc a roll gauge, tum the cylinder in the operat
ing direction. Counter-rotation may damage the cut-

of the knife. 

- When all the knives have been changed, begin pre-tightening the 
bolts by lightly tightening each bolt with a «T-wrench». 

with bolt «A» 9A). With a mark the position 
of «1 ».Pre-tighten the «A» bolts moving from one slot to the 
adjacent slot until you have gone all around the head (figure 9B). 

with those in the slot 
one previously worked on («1-A>>)(figure 
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Figure 9. Order of tightening and loosening (head) bolts 

A • Order of the bolts 

Bolts must be pre-tightened and tightened begining with the <<A» bolt, 
followed by the «B», «C>> and «D» bolts in that order. In other words, 
bolts must be tightened from the center of the head, moving towards 
the ends. For loosening the bolts, proceed in the reverse order. First 
loosen the «D» bolts then proceed from the the end towards the center 
and finish with the <<A» bolts. 

B - Order of the slots 

It is important to tighten all the bolts bearing the same letter, moving 
from one slot to the adjacent slot until the complete circle of bolts has 
been tightened, before tightening another series of bolts. 

The installation of knives is accomplished in two steps, namely pre
tightening and final tightening, for technical and safety considerations. 
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Figure 10. Knife positioning methodology 

A- Gauge and Hammer 

Knife projection 
distance 

(3/32" to 3/16") 

Head contour 

B - Roller gauge 

Rolls 
Roll 

Planer Frame 
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9- Repeat steps 7 and 8 until all the bolts have been pre-tightened. Do 
not forget to a1 tcrna tc slots when you begin to tighten a new series 
of bolts. 

10- For the final tightening, repeat steps 7,8 and 9 taking care to firmly 
tighten each bolt with the «T-wrench». 

Note: Pneumatic tools are not recommended for tightening 
bolts because they can damage the thread of both the 
bolts and the cylinder heads. 

3.3 Jointing and Sharpening knives 

Even though knives have been installed with precision using a gauge 
or roll, it is impossible to obtain a uniform cutting circle when the planer 
is started because of the strong centrifugal forces which result from the 
rotation speed. It is therefore essential to pass a stone on each head to 
make sure that all the knives have the same cutting circle. This operation 
is called jointing. Then, the stone must be passed on each knife, as 
needed, to give the front section of each knife a sharp angle at the cutting 
edge. This operation is also called jointing (figure 11). The steps for the 
jointing operation are described below. The procedure assumes that 
each sharpening system is in effect parallel to its head. 

Passing the stone on the surface of the knives reduces the distance by 
which they project from the head. This can vary between 0.001 and 0.020 
inch for each sharpening, depending on several factors. It is therefore 
recommended to sharpen one head at a time so as to compensate for 
wear by immediately readjusting the machine components. Begin with 
the bottom head. 

1- Rotate the cylinder head manually and slowly bring the stone 
against the knives until the faintest scraping sound indicates that 
the stone is in contact with the knife edges. Make at least one 
complete circle to prevent a knife from breaking the stone on start 
up. Let the cylinder head rotate for 2 to 3 minutes to allow the 
bearings to warm up. If the cylinder head is in motion, slowly bring 
the stone in contact with the knives until a faint scraping sound is 
heard. A fine line of sparks should now be visible. It is not necessary 
to produce spectacular fireworks to ensure proper sharpening. 
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1- Stone 
2- Cutting circle 
3 -Head 
4- Knife 
5-Gib 

6 - Cutting edge 

Figure 11. Jointing system 

7- Heel (max. 1 /16") 
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2- Run the stone the full length of the head. It is important to always 
make three passes before advancing the stone. That way, the ad
vance of the stone is always begun at a different end of the head 
thereby ensuring uniform wear of the knives. 

3 - Readjustment of machine components 

30 

A- Bottom cylinder head 

Supposing that the adjustment of the bed plate provides the desired 
depth of cut, the only adjustment required to compensate for the 
reduction of the cutting circle is the repositioning of the knife edges 
(cutting circle) to a position 0.005 inch above the level of the infeed 
table. Use a straight edge and a 0.005 inch feeler gauge. 

B- Top cylinder head 

Lower the top head then raise it to obtain the desired thickness. It 
is also advisable to readjust the height of the pressure bar to 
maintain the original pression to prevent feed problems and jam
ming. As described in step 18 of section 2.1.1, the pressure bar 
should be approximately 0.002 inch above the cutting circle of the 
top cylinder head. 
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4.0 SHARPENING OF KNIVES 

Knife sharpening is a science and it would take several textbooks to fully 
describe it. However, the purpose of this section is to provide planer 
mill personnel with the essential information and basic principles on 
the subject. 

4.1 Selection of stones and grinding wheels 
The selection of a stone or grinding wheel depends on several factors, 
including its use and purpose. In this publication, we will discuss the 
use of stones and grinding wheels to sharpen and to grind planer knives. 

The majority of manufacturers provide tables explaining the definition 
of the alphanumeric codes which are found on the stones. These codes 
are determined by ANSI (American National Standards Institute) and 
describe the corn position of the stone and its characteristics. These codes 
are explained in table 1. 

Table 1. Meaning of alphanumeric codes 

9 A 80 J 7 
Manufacturer's Abrasive Abrasive Grade Structure 

index type size 

v 2 
Bond Bond 
type index 

A grinding wheel or a sharpening stone serves to cut or to remove a 
certain quantity of material from a metal object. It is composed essen
tially of abrasive particles and a binder which form a matrix. Each 
abrasive particle acts as a knive or sawtooth. In use, the abrasive 
particles wear out and lose their sharp edge. However, friction causes 
the abrasive particles to break away from the bond of the grinding wheel 
thereby allowing new abrasives to come to the surface. Thus, a grinding 
wheel appropriate for a given use will maintain proper roughness and 
durability. 

Grinding wheels and sharpening stones recommended for sharpening 
and grinding planer knives have aluminum oxide abrasives (A), a 

I FORINTEK CANADA CORP. I 31 



medium-to-fine grain (30 to 100), a medium grade (hardness) (H to L), 
a semi-dense structure (5 to 8) and a bond type (V). An A- 80- I - 7- V 
type stone could be used to sharpen knives. An A- 46- H - 8 - V type 
stone could be used to grind planer knives with an automatic grinder. 

These types of sharpening and grinding stones are used with great 
success in many sharpening shops. They constitute a good starting point 
for any operation even though different operating parameters come into 
play. Based on the results obtained, it is possible to modify an operation 
or the stone specification to achieve desired results. Care should be 
taken, however, to stay within the limits given above. 

The following information will be useful when stone characteristics 
must be changed. 

Grain dimension 
The size of abrasive grains affects the rate of material removal and 
surface quality. A coarse grain increases the removal rate whereas a fine 
grain provides a smoother surface finish. Coarse grain is used for ductile 
material and fine grain is used for hard and brittle material. All things 
being equal, a fine grain will increase the hardness effect of a stone. 

Grade (hardness) 

Stone categories are expressed in terms of hardness. This characteristic, 
however, refers to the strength of the bond between abrasives and the 
stone matrix. Forces which act on abrasives are related to operation 
parameters such as stone rotation velocity, the contact surface and the 
feed speed or carriage speed. 

A large contact surface reduces pressure per unit of surface area, which 
in turn reduces friction. A high rotation speed also reduces friction. 
Insufficient friction will prevent proper wearing off of the abrasives. If 
abrasives are not renewed, they will lose their sharp edge and the stone 
will lose its roughness. On the other hand, increasing the carriage speed 
or the feed speed will increase friction thereby causing a more rapid 
wearing off of the abrasives. Excessive friction, however, will cause 
knife overheating. 

Structure 
Structure in grinding wheels is the spacing of abrasive grains in the 
wheel matrix. A dense stone means that the abrasive grains are close to 

32 



one another and an open structure indicates that they are more widely 
dispersed. 

An open structure will result in a more rapid wear of the stone and, 
grain dimension being equal, will give a coarser finish than a denser 
structure. However, an open structure allows for a faster cut and 
reduces the probability of overheating because it provides for more 
effective circulation of the stone coolant at the point of contact. 

For soft and ductile materials, use an open structure stone. For hard 
materials, usc a dense structure stone. Where overheating is a critical 
factor, use an open structure stone. 

Rim velocity 
The greater the rpm of the grinder, the greater the hardness effect of the 
grinding stone and vice versa. As a rule, soft stones are used at lower 
rim velocities than hard stones. It is recommended to operate a liquid
cooled stone at a rim velocity of 4,000 fpm. Stones which are not 
liquid-cooled should be opertated at a rim velocity of 5,000 fpm. 

Appendix 3 provides a table of rim velocities for various stone diame
ters and rpm settings. In the case of straight stones, it is important to 
maintain rim speed as the stone diameter diminishes by adjusting the 
rpm setting. However, the manufacturer's recommendations which are 
usually listed on the stone should be observed. 

Appendix 4 presents a diagnostic table for frequent problems along 
with possible solutions specific to sharpening and grinding operations. 

4.2 Basic principles 
This section presents the basic principles which all grinder operators 
should know and observe in practice. 

Stability 
Equipment and the floor of the grinding shop should have a stable base 
and be vibration-free. 

Balance 
Modern grinding stone manufacturing practices provide for uniform 
density which ensures proper wheel balance. Nonetheless, it is recom
mended to ensure that large dimension grinding wheels are, in fact, 
balanced. 
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Verification 
Before installing a grinding wheel on a grinder, perform a thorough 
visual inspection. It is common practice to lightly tap a stone with a 
scewdriver handle to detect fissures or other cracks which are invisible 
to the naked eye. If tapping results in a clear, sharp sound, the wheel 
should be in good shape. If tapping results in a muffled or vibrating 
sound, the wheel could have an internal fracture or other weakness. 

Installation 
Before installing a grinding wheel on a grinder, the following precau
tionary measures are recommended: 

• Make sure that the wheel hole is 0.005 inch larger than the grinder 
arbor; 

• Make sure that arbor collars are of identical dimensions; 
• Make sure that there is a paper gasket between the collars and 

the stone to achieve a cushioning effect; 
• Avoid excessive tightening of the bolts which hold the wheel in 

place; 
• Make sure that there is no deviation of the grinding wheel by 

using a numerical or dial indicator. Wheel deviation should be 
within 0.001 inch. 

In service 
The grinder operator should proceed as follows: 

• With a new grinding wheel start the grinder and let it run for a 
few minutes; stand back in case of fracture; 

• Avoid leaving a stopped wheel in the cooling liquid. The im
mersed portion of the wheel will absorb some of the liquid. The 
weight of the liquid in the stone will alter the wheel balance when 
rotation begins. 

Grinding 
The direction of rotation and the position of planer knives must be such 
that grinding is done from the point (thin section) of the knife toward 
the body (thick section). 

Maintenance and dressing 
As a rule, all grinding wheels should maintain or renew their roughness 
and their grinding capability. When the stone looses its roughness 
because its pores are filled with metal or other contaminants, its rough
ness should be renewed with an appropriate tool depending on the type 
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and dimension of the wheel. A <<Desmond Huntington nQ 0» dressing 
tool would be appropriate for dressing and maintainance of the wheel 
recommended in section 4.1. 

Stopping the grinding wheel 
Do not stop the wheel when it is in contact with a knife to bring the 
wheel to a quicker stop. 
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5.0 PROBLEMS AND SOLUTIONS 

Most planer diagnostic tables or guides use lumber defects after planing 
as the basis for determining ajustment problems. However, there may 
be certain problems or poor adjustments that cannot be diagnosed with 
this method. Accordingly, the first section of this chapter presents a 
method for diagnosing internal planer problems. The second section 
presents a summary of the standard diagnostic tables. 

5.1 Diagnosis of internal problems 
This method provides for the detection of problems and poor adjust
ments that are not evident upon examination of planed lumber. Essen
tially, this method consists in running a piece of lumber half-way 
through the planer to obtain an impression of the cutting action of each 
head, then in reversing the feed to remove the piece of lumber without 
further planing. Measurements are then taken on the partially planed 
piece of lumber to determine the actual depth of cut of each cylinder 
head. This method also provides for the accurate determination of the 
position of planer heads (angle) in relation to the bed and tail plate. 

If the adjustments described in the preceding section have been care
fully made, neither the head angle nor the depth of cut should be 
exaggerated. On certain machines, however, part or component wear 
can cause serious problems. The method is explained below and an 
example is provided in figure 12. A copy of the internal diagnostic form 
will be found in appendix 5. Keep the original copy; make photocopies 
for use in mill tests. 

STEPS 

1 - Select 3 to 5 pieces of lumber free of twist or other similar defects. 
As much as possible, give the pieces the same orientation before 
planing and make sure that the thick sides are facing the same way. 
Feed the pieces into the planer in succession to obtain a planed 
surface on half the lentgh of each piece. Reverse the feed direction, 
then remove and mark each piece to maintain the original orienta
tion. 
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2- With a caliper, measure piece thickness at the six points indicated 
in figure 12 (A1, A2., B1, B2., C1, C:z). Make sure that side 1 of each 
piece is the side planed by the outside head. It is important that 
each piece be measured the same way and that original orientation 
of the pieces be maintained. 

3- Record the thickness measurements in the appropriate spaces 
(item 1, fig. 12) and make the following substractions: A1 - A2, 
B1- B2., C1 - C2., then record the results in the space labelled «DIFF». 
Label the difference with a + or a - as the case may be. The 
differences between A1 and A2 may be positive or negative. This is 
due to the sawing deviation or to the orientation of the lumber 
pieces prior to planing. However, if the differences between the <<B» 
and the <<C» values are of different signs, it means that the lumber 
is not well secured within the planer (see section 5.2.2, variable 
dimensions). 

4 - Calculate the average of the values in each column and record the 
sign of the difference (item 2, fig. 12). 

5- Proceed with the required subs tractions to determine the depths of 
cut and the head inclinations (item 3, fig. 12) using the average 
values for A, B, C, and D. 
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Top head 
• Head inclination - B corresponds to the average Da calcu

lated as per item 2, fig. 12. 
Bottom head 

• Head inclination - C corresponds to the substraction of the 
averages values Da and De calculated in step 2. The values 
for Da and De can both be negative. Here are three examples 
demonstrating how to substract using negative values: 

Examples: 

1. Da =- 0.010" and De =- 0.006" 

Da -De = - 0.010"- (- 0.006") 

= - 0.010" + 0.006" 

= -0.004" 

2. Da = - 0.010" and De = 0.006" 

Da -De = - 0.010"- 0.006" 

= - 0.010" + (- 0.006") 

= - 0.016" 
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3. Ds = 0.010" and De = - 0.006" 

Ds- De = 0.010"- (- 0.006) 
= 0.010" + 0.006 
= 0.016" 

6- Draw the cut profiles (item 4, fig.12): 

Top head 
• Draw the cut profile of the top head according to the head 

-B (Ds). Join the sides of the rectangle with an angled line. 
The inclination of the line is dictated by the sign of DB. Join 
the sides in the direction of the signs (+I-). 

Bottom head 
• Draw the cut profile of the bottom head as above using 

inclination- C. 
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Figure 12. Internal diagnosis methodology 

INTERNAL DIAGNOSIS FORM 

Mill: NoV"T\-,-W~st- Que.. Employee:l..f.'R.. o9/obl91 

Lumber size (inch): 2 x4 Species:Spv-\l~Condition: dry/green/frozen 

1- Thickness Measurements 

1 
2 
3 
4 
5 

Points A Points B 
A1 A2 DIFF. B1 B2 DIFF. 

/.,8'1 !·rAft-~ 

L:f&Z~-.9.:.££!, 

~ 1·717'+0·001 

I ·'-5-z' l·<.'i'D -D.03/ 

' ' ' ------

J...:§:§Z I ·5"7f f:£:i32f}_ 

I ,:;7/ I.>'?! -0.020 

I ./09f .!..:ffi: ~ 

r.>BI 1.>'19-ao;s 

_. __ . __ ._ 
2-Average 

A1 A2 DA 

Points C 
C1 C2 DIFF. 

l...:!i:i§!.49B~ 

I .'(-9:; I .4PB -0.?1?3 

1:.!1:§::, I J/i'b -CJ.0/3 

I .'/BB J..:!!ff_ -O.o/1 

' ' ' ------

C1 C2 De 
.L::!f:iL I .4 9 B -o. oo 1 

3- Depth of Cut and Head Inclination (use averages.) 

TOP HEAD BOTTOM HEAD 

side 1 side 2 
(A1-B1) (A2-B2) 

4- Cut Profiles 

inclination-B 
(DB) 

TOP HEAD 

+1 -2 
p------ J 

+ 

side 1 side 2 
(B1-C1) (B2-C2) 

inclination-C 
(DB-De) 

BOTTOM HEAD 
+1 -2 

+ 
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5.1.1 Interpretation of the results 
This section explains how to interpret the information generated by this 
diagnostic method and proposes possible solutions. Observations are 
introduced in the same order of the steps listed in figure 12. 

STEPS 

1 - Thickness measurement 

Points A - Measurements taken at points A1 and A2 are used to 
determine the average thickness of the lumber pieces. The differ
ences in thickness may vary in both sign and magnitude. 

Points B- The differences in thicknesses at points Bon the lumber 
pieces should not exceed 0.010 inch and their sign should be 
constant. If the differences exceed 0.010 inch, but their sign and 
magnitude are constant, the lumber piece is stable inside the planer 
but adjustments are required. 

Action: Check whether the bed plate is transversely parallel to 
the top head and the knives. Furthermore, check the 
wear of the bed plate. 

If the differences vary in sign and magnitude, the lumber piece is 
poorly secured inside the planer. 

Action: Check for the factors listed below: 

• excessive sawing deviation; 
• poor cup orientation or twist presence; 
• chipbreaker wear; 
• vertical and longitudinal adjustment of the pressure bar in 

accordance with instructions given in section 2.1.2. 

Points C- Just as for points B, differences should not exceed 0.010 
inch and have a constant sign. In case of the occurence of the same 
situations as in B, take the same action. 

2-Average 
Averages are calculated vertically. 

3 - Depth of cut and head angle 
Top head 
Substraction of the averages yields an approximate value for the 
depth of cut of sides 1 and 2 of the top head because this cut is 
determined by lumber thickness. However, the head inclination is 
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real because the measurements through which the head inclination 
is determined are taken on the planed surface. 

Bottom head 
Substraction of averages B and C yields an accurate value of the 
depth of cut of sides 1 and 2 of the bottom head. Head inclination-C 
represents the inclination of the bottom head. 

4 • Cut profile 
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Top head Cause: 

Bottom head 

• the cutting plane of the top head 
is inclined; depth of cut on the 
side of the guide is lower, or 

• the bed plate is lower or worn 
down on the side of the guide; 

• the cutting plane of the top head 
is inclined; the cut is greater on 
the side of the guide, or 

• the bed plate is higher on the 
side of the guide. 

• the cutting plane of the bottom 
head is angled; the cut is lower 
on the side of the guide, or 

• the cutting plane of the bottom 
head is angled and the cut is 
greater on the side of the guide. 
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5.2 Planing defects 
Planing defects have been grouped in two major categories: surface 
defects and dimensional defects. Surface defects are usually caused by 
dull knives or by a cutting angle which is not appropriate for the 
condition of the wood. Dimensional defects are largely due to poor 
adjustments. The definition and causes of each defect category is given 
below. 

5.2.1 Surface defects 
Raised grain 

Raised grain happens when denser summer wood is compressed into 
spring wood. Upon decompression, summer wood rises above spring 
wood to produce raised grain. The major causes of this phenomenon 
are: 

• dull knives; 
• inadequate cutting angle (too small); 
• excessive pressure of the feed rolls. 

Fuzzy grain 
Fuzzy grain is formed when the wood fibres are torn up after having 
been severed. As results, wood filaments are bent upward and project 
above the machined surface. Major causes may include: 

• inadequate cutting angle (too small); 
• dull knives; 
• heel too pronounced; 
• wetwood; 
• tension wood 

Tom grain 

Torn grain is formed by the splitting of wood along the grain below the 
level of the machined surface. It is evident in the form of small depres
sions, often around knots where the direction of grain is altered. Torn 
grain is due to the following factors: 

• excessive depth of cut; 
• inadequate cutting angle (too large); 
• excessive feed speed; 
• dull knives; 
• wood too dry. 

I FORINTEK CANADA CORP. I 43 



Knife marks 

Knife marks appear as waves on the lumber surface. They are usually 
well defined and occur at regular intervals. Knife marks are usually 
caused by: 

• uneven knife projection; 
• insufficient jointing 
• unbalanced cylinder head as a result of unequal knife weights; 
• excessive feed speed. 

Otipmarks 

Chip marks appear as shallow depresions on a machined surface. These 
depressions are caused by chips which cling to the cutting edge of 
knives and bruise the machined surface. Possible causes include: 

• poor functioning of the chip evacuation system; 
• presence of resin in the wood; 
• knives with a wire edge as a result of excessive sharpening. 

Roll marks 

These appear as well defined symmetrical depressions on lumber 
surfaces. When lumber is exposed to hight moisture conditions, 
compressed wood in these depressions will decompress and form 
surface roughness. The depressions can be caused by excessive pressure 
or knurling of the following rolls: 

• outfeed rolls in sawmill machinery (resaw, edger, etc.); 
• planer infeed rolls; 
• planer outfeed rolls. 

Shiny surface 

When lumber surfaces are shiny, with or without longitudinal lines, it 
maybe that: 

• the knife heels are too wide and that there are indentations on 
the cutting edge of knives; 

• the pressure bar is too low; 
• the bottom head is too low in relation to the tail plate; 
• one of the chip breakers is more worn than the others. 
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5.2.2 Dimensional defects 

Notch at feeding end 

Notch at tailing end 

• The bottom head is too low in 
relation to the tail plate. 

• The bottom infeed rolls are too 
high. 

• The pressure bar is too high in 
relation to the top head. 

• The chipbreakers are not low 
enough in relation to the top 
head. They should be 1/8 inch 
higher than the cutting circle. 

• The pressure exerted by the 
chipbreakers is inadequate. It 
should be approximately 60 
lb/in2 for studs. 

• The bottom head is too high in 
relation to the tail plate. 

The bottom outfeed roll is too 
high. 

• The bottom head is too low in 
relation to the tail plate. 

• Lumber pieces are not well sup
ported at the planer outfeed. 
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Inside notch at feeding end 

Outside notch at feeding end 

• The inside receiving guide 
section extends too far in rela
tion to the inside side head 
cutting circle. 

• The main guide is not straight. 

• lnfeed rolls are worn or poorly 
aligned. 

• Lumber trim is not square. 

• The outside receiving guide 
section extends too far in rela
tion to the cutting circle of the 
outside side head. 

• The main guide is convex. 

• lnfeed rolls are worn or poorly 
aligned. 

• Lumber trim is not square. 
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Inside notch at tailing end 

Outside notch attailing end 

Variable dimensions 

• The inside side head extends too 
far in relation to the inside 
receiving guide section. 

• The outfeed system pulls to
wards the outside of the planer. 

• The outfeed system pulls to
wards the inside of the planer. 

• The chipbreakers are not low enough. 
• The pressure bar is not low enough. 
• The longitudinal adjustment of the pressure bar varies from the 

prescribed norm. 
• One of the heads may be unbalanced as a result of unequal knife 

weight or excessive wear of the gibs. 
• Defective ball bearing. 
• Electromagnetic unbalance of a motor. 
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6.0 DEPTH OF CUT 

It is common practice to adjust the depth of cut of planer heads based 
on the examination of the first few boards which have gone through the 
planer. Subsequently, certain other adjustments are made, depending 
on the surface quality of the lumber and at the request of graders. 

This method for setting depth of cut is chancy and can adversely affect 
lumber appearance and quality as well as reduce lumber and chip yield 
as a result of excessive target thicknesses. 

Many recommend setting the depths of cut in such a way as to plane 
the poorest pieces. This thinking is outdated because lumber is no 
longer the sole source of revenue for a sawmill. 

The value of chips and lumber represent 10 to 20 times the value of 
planer shavings. It would therefore seem appropriate to maximize 
reduction of the planer allowance, even though this may result in a 
slight reduction of lumber quality, as long as the benefits of increasing 
lumber and chip yield are higher than the value of losses in lumber 
quality. 

Until now, no method allowed the calculation of the depth of cut of each 
of the planer heads. Forintek developed two mathematical models 
which make it possible to calculate the required depth of cut on the basis 
of the desired level of skip (14). These models use the results of lumber 
size studies generated by Forintek' s LUSI package to calculate the depth 
of cut of both the top and bottom heads. 

Two approaches can be used to calculate the depths of cut. The first 
approach calculates the maximum depth of cut for a specific product. 
The other allows calculation of the depth of cut for the sawmill's 
product mix. Each of these methods will be explained in the following 
sub-sections. 

6.1 Maximum depth of cut 
The maximum depth of cut approach is used for given products such 
as 2 x 4's and 2 x 6's. Calculation of the depth of cut is the first step in 
improving quality control in the planer mill. This method will increase 
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the awareness of mill personnel regarding oversizing of green lumber, 
operational problems and opportunities for yield increases. The steps 
for the calculation of maximum depth of cut are described below. 

Steps 

1- Determine the products for which maximum depth of cut is re
quired. 

2 - Perform a lumber size study (LUSI) for each product and each 
machine-centre used to manufacture these products. 

3- The results of the LUSI study will show total sawing variation St 
and within board sawing variation Sw for each of the products. St 
is used to calculate the depth of cut of the top head whereas Sw is 
used to calculate the depth of cut of the bottom head. 

In the event that more than one machine-centre produces a given 
product, it is essential to determine the percentage of the produc
tion (P) of each product at each machine. Then, using these percent
age values and the values forSt and Sw, calculate new values forSt 
and Sw for the entire production of that product. Use the following 
formula to this end: 

S(torw) = ...J (S2(torw)iXPi)+(S2(torw)iXPi) Formula[1] 

where: S new value for St or Sw for the entire production 
of the product 

S2 = St or Sw square for each machine-centre 

P percentage of the product coming from each 
machine-centre 

machine or production line index 

4 - Check for lumber defects such as cup (after drying) or evidence of 
improper saw alignment. Take measurements of these defects as 
illustrated in figures 13 and 14. 

5 - Determine the percentage of skip required. NLGA standards allow 
up to 5% of pieces with a certain amount of skip. It is recommended 
to begin with a skip level of 1%. 

50 

Assign a value to the factor «t» which corresponds to the percent
age of skip required for each of the surfaces. See appendix 6. 
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6- Using the following formulas and values forSt, Sw, d and t, calcu
late the depth of cut for the top and bottom heads for the chosen 
product. 

Top head t x St + d Formula [2] 

{2 

Bottom head 2txSw+ d Formula [3] 

{2 

where: St = total sawing variation 

EXAMPLE: 

Sw= within board sawing variation 

skip percentage factor (appendix 6) 

d = amplitude of the measurements of defects 
as illustrated in figures 13 and 14 

To facilitate understanding of this operation, suppose a mill produces 
2 x 3, 2 x 4 and 2 x 6lumber on two production lines. Each line includes 
a gang edger producing 2-inch thick pieces. Line one (the small line) 
produces 2 x 3 and 2 x 4 lumber. Line two produces 2 x 4 and 2 x 6 
lumber. 

Steps 

1- The chosen product will be 2 x 4lumber. 

2- LUSI study results for 2 x 4 production: 

Line one gang edger: St = 0.028" 

Line two gang edger: St = 0.009" 

3 - Percentage of 2 x 4 production 

Line one gang edger: 55% 
Line two gang edger: 45% 

Sw = 0.014" 

Sw = 0.008" 

Calculation of new values for St and Sw for the 2 x 4 production 
(Formula [1], section 6.1) 

St 
St 

Sw 
Sw = 

...; ((0.028")2 
X 55%)+ ((0.009")2 

X 45%] 
0.021" 

...; (0.014")2 
X 55%]+ ((0.008")2 

X 45%] 
0.012" 
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Figure 13. Improper alignment of gang edger saws 

Figure 14. Cup in kiln dried lumber 
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4- A significant percentage of the dry 2 x 4 lumber is cupped. The 
average deflection «d» at the deepest part of the cup is 0.020 inch. 

5- The required skip level is 1% and the value of factor t (Appendix 
6) for the top head is 2.326 and 2.576 for the bottom head. 

6 - The depth of cut for each head is calculated as follows: 

Top head = 2.326 X 0.021" + 0.020'' Formula [2] 

{2 

= 0.035" + 0.020'' 

= 0.055'' 

Bottom head = 2 X 2.576 X 0.01211 + 0,020'1 Formula [3] 
{2 

= 0.044" + 0.020'' 

= 0.064" 

6.2 Optimal depth of cut 
As it was demonstrated in section 6.1, it is relatively easy to calculate 
the depth of cut for one or more products. However, optimisation of the 
depth of cut is possible only when target thicknesses have been reduced. 

Consider once again the example given in section 6.1. It was determined 
that the maximum depth of cut for 2 x 4 lumber to achieve a 1% skip 
level is 0.064 inch for the bottom head and 0.055 inch for the top head. 
Suppose the target size on machine 2is reduced. This is possible because 
the total planing allowance required (0.119 in) is less than the actual 
planing allowance. A few weeks later, it is noted that the surface quality 
(the %of skip) of 2 x 4 and 2 x 3lumber is still excellent. 

This first reduction of the planing allowance made it possible to increase 
lumber and chip yield without a loss in surface quality. This increase in 
yield is estimated to represent $4/MBF. 

Because the lumber does not show evidence of skip, suppose the target 
size is further reduced to achieve a skip level of 3%. The planing 
allowance is now 0.057 inch for the bottom and 0.048 inch for the top, 
for a total of 0.105 inch. Target size can therefore be reduced by 0.014 
inch. 

This further reduction of target size is estimated to be worth $2/MBF. 
The surface quality of 2 x 4lumber, however, is slightly lower as a result 



of the increase in the skip level. About 0.5% of 2 x 4 pieces show degrade 
which has been estimated to be $1 /MBF. Overall, however, the second 
reduction of target size resulted in a gain of $1 /MBF. 

These results would indicate that it is possible to achieve a third 
reduction of target size. Optimal depth of cut will be achieved when 
marginal gains achieved through additional reductions of target sizes 
will equal the value of the resulting losses of surface quality. Thus, total 
gains are equal to the sum of the gains obtained by each reduction. 

This optimisation method is relatively simple when dealing with one 
or two products and one machine-centre. It becomes more complicated, 
however, when the number of products and machine-centres affected 
by target size reductions increases. 

Consider a reduction of target size at the gang edger on line one. It was 
determined above that the planing allowance to achieve a 1% skip level 
for the 2 x 4 production should be 0.064 inch for the bottom head and 
0.055 inch for the top head. Suppose the same calculations for 2 x 6 
production and maximum depths of cut of 0.075 inch and 0.065 inch 
respectively for the top and bottom heads. 

Calculation of the benefits as a result of target size reduction is achieved 
by taking into account the production of 2 x 4 and of 2 x 6lumber at this 
machine-centre. The production of both sizes of lumber must also be 
taken into consideration in calculating the losses resulting from lower 
surface quality. 

The total planing allowance for 2 x 6lumber is 0.140 inch compared to 
0.119 inch for 2 x 4lumber. A reduction of target size at the line one gang 
edger will therefore have a greater impact on the surface quality of 
2 x 6 than on the surface quality of 2 x 4 produced on this line. 

The methodology for optimizing depth of cut is the same for all 
machine-centres and products. For this methodology to work, however, 
the difference between the target size at various machine-centres for a 
given product must not exceed 0.032 inch (1 /32 in). Exceeding this limit 
would result in significant losses in quality as a result of the high 
number of pieces with defects due to drying. Thinner pieces will not be 
well secured between stickers and twisting and cupping will occur 
during drying. 



7.0 MAINTENANCE 

The following is a general maintenance guide which out
lines the major daily, weekly and monthly maintenance 
considerations (11). 
Daily maintenance 

• Clean the planer with compressed air at the end of each shift. 
This reduces the risk of fire. 

• Clean each head with a non flammable solvent. Pour on the 
solvent when the heads are coasting. Clean the heads with 
compressed air when they have come to a complete stop. 

• Check every screw and bolt of the blocking systems. 
• Fill up oil reservoirs on lubrification system. 
• Check the knives and change them before the heel exceeds 1 I 16 

inch. 
• Inspect moving parts and remove wood splinters and knots 

which are jammed in the machine. 
• Check the wear of the sharpening stones. 
• Readjust the depth of cut of the bottom head and of the inside 

head. 

Weekly maintenance 
• Check the longitudinal parallelism and alignment as described 

in section 2.1. 
• Clean the interior and exterior of the planer with compressed air. 
• Check the wear of the following components: 

o bed plate and tail plate, 
o infeed rolls, 
o chipbreaker components, and rotate the components to en

sure uniform wear. 
• Remove the motor protective cover of the top head (not neces

sary if one can see inside) and bottom head and clean the rotors 
with compressed air. 

• Clean the side head motors by blowing compressed air into the 
motor air vents. This reduces the risk of fire. 

• Check the instructions concerning the maintenance of the 
hydraulic system. 
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• Clean the sharpening system sliders and adjust the stone-holder 
so that it moves easily along the slider. 

• Sharpening stones loose their roughness, just like grinding 
stones, because their pores become filled with contaminants. 
One way of cleaning them is to bevel grind them as illustrated in 
figure 11. This reduces the contact surface area. 

Monthly maintenance 

56 

• Check all bolts and tighten as necessary. 
• Check the drive system and replace worn components: 

• drive wheels, 
• chains, and 
• pinions. 

• For planers with hydraulic feed systems, check the instructions 
concerning system maintenance. 

• Check water circulation in the main guide. Poor water circulation 
can cause overheating or fire. 
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APPENDIX 1 
CUTTING ANGLES FOR VARIOUS SPECIES 

AND MOISTURE CONDITIONS1 

Cutting Grinding Cutting Grinding 
SPECIES angle angle angle angle 

dry (8-12%) dry (8-12%) green(+20%) green(+20%) 

cedar 20-25 30 
spruce 15-20 35 
larch 10-20 
red/jack pine 15-20 30 
white pine 15-20 30 
hemlock 10-20 35 
balsam fir 15-20 35 

birch 5-10 35 
oak 10-15 40 
maple 5-10 40 
ash 10-15 35 
beech 5-10 35 
poplar 10-20 30 
basswood 15-20 30 

30-35 
30-35 
25-30 
30-35 
30-35 
25-30 
30-35 

15-20 
20-25 
10-15 
25-30 
15-20 
25-30 
25-30 

30 
35 

30 
30 
35 
35 

35 
40 
40 
35 
35 
30 
30 

1 Adapted from publications 2, 4, 6, 8, 11, 15. 

DIAGRAM SHOWING THE V ARlO US ANGLES 
Conventional knife 

Cutting angle: the angle formed by a 
straight line passing throught the 
centre of the bead and the sharp edge 
of opposite knives and the extension 
of the blade. 

Knife with micro-bevel 

New cutting angle 

Micro-bevel: a secondary angle ground 
on the knife face providing for the 
reduction of the cutting arig}e which is 
determined by the angle o(the head 
slots. 
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APPENDIX 2 

PLANING QUALITY- KNIFE MARKS PER INCH1 

Feed 
speed 

(ft/min) 

50 
100 
150 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1200 
1400 
1600 
1800 
2000 

Number of knives on the planer head 
4 6 8 10 12 16 20 24 

A 

B 

c 

D 

E 
1 This table is based on a head rim velocity of 3,450 rpm. It is essential that the 

trajectory of all the knives be identical and perfectly concentric as a result 
of jointing. 

Number of knife 
marks per inch 

Head rpm x No. of knives 
Feed speed (inch/ min) 

2 Quality categories: 

60 

A: Excessive: more then 35 knife marks per inch(KMI) can result in a 
shiny or burned surface. 

B: Excellent: 15 to 35 KMI will result in a good-to-excellent quality 
for moulding, woodwork and flooring. 

C: Excellent: 8 to 15 KMI will result in an acceptable-to-good quality 
for woodworking and flooring 

D: Acceptable: 4 to 8 KMI will result in an acceptable-to-excellent quality 
for structural lumber. 

E: Unacceptable: 3 to 4 KMI will result in an unacceptable-to-acceptable 
quality for structural lumber. 

• Larger the head diameter,better surface finish for a given KMI 
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APPENDIX3 

GRINDING WHEEL RPM SETTING VS. DIAMETER 
AND REQUIRED RIM VELOCITY 

Grinding wheel Rim or Tangential velocity (ft/ min) 
diameter 3500 4000 4500 5000 5500 6000 
(inches) 

4 3342 3820 4297 4775 5252 5729 

5 2675 3056 3438 3820 4202 4584 

6 2230 2546 2865 3183 3501 3820 

7 1910 2183 2455 2728 3000 3274 

8 1672 1910 2148 2387 2626 2865 

9 1485 1698 1910 2122 2334 2546 

10 1337 1528 1719 1910 2100 2292 

11 1215 1389 1563 1736 1910 2083 

12 1115 1273 1432 1591 1751 1910 

The formula from which this table is derived is: 

rotation speed 
3,8197 x [rim velocity (ft/min)] 

[grinding wheel diameter (inches)] 
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APPENDIX 4 

DIAGNOSTIC TABLE FOR GRINDING 
AND SHARPENING OPERATIONS 

Problem 
1. The stone 

develops a 
glazed 
surface 

Possible cause 
Excessive RPM 

Feed speed too slow 

Excessive depth of cut 

Solution 
Reduce RPM 

Increase feed speed 

Reduce depth of cut 

Stone hardness too high Use lower grade stone 

Stone structure too Use a stone with more 
dense open structure 

2. Stone pores Excessive hardness 
full of 
metal Grain too fine 

3.Knives 
have this 
shape after 
sharpening 

Structure too dense 

Knives are overheating 

Excessive pressure 

Excessive hardness 

Glazing of the stone 

Structure too dense 

4. Knives turn Overheating 
blue 

5. Stone wears Rpm too low 
out 
rapidly Stone too soft 

Structure too open 

Small contact surface 

Use lower grade stone 

Use a stone with coarser 
grain 

Use a stone with more 
open structure 

Check liquid coolant 

Reduce depth of cut 

Use a lower grade stone 

See (1) 

Use a stone with more 
open structure 

See (3) 

Increase rpm 

Increase hardness 

Use a stone with closer 
structure 

Use a harder stone 
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APPENDIX 5 

INTERNAL DIAGNOSIS FORM 

Mill: _________ Employee: ____ _ L__-'--

Lumber size (inch): ___x__ Species:_ Condition: dry /green /frozen 

1- Thickness Measurements 

1 
2 
3 
4 
5 

Points A Points B 
A1 Az DIFF. B1 Bz DIFF. 
. . . ------. . . ------. . . ------. . . ------. . . ------

. . . ------. . . ------. . . ------. . . ------. . . ------
2-Average 

A1 Az DA 
. . . . . . ------ ------

PointsC 
C1 Cz DIFF. 
. . . ------. . . ------. . . ------. . . ------. . . ------

. . . -----
3- Depth of Cut and Head Inclination (use averages.) 

TOP HEAD BOTTOM HEAD 
side 1 side2 

(A1-B1) (Az-Bz) 

4- Cut Profiles 

inclination-S 
(Ds) 

TOP HEAD 
+1 -2 
[" ..................... ] 

+ 

side 1 side 2 
(B1-C1) (Bz-Cz) 

inclina tion-C 
(Ds-Dc) 

BOTTOM HEAD 
+1 -2 

l. ...................... J 
+ 
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APPENDIX 6 

t FACTOR VALUE IN RELATION 
TO PERCENT OF SKIP 

Percentage of skip t factor 

level required Top head 

(%) 

10 1.282 

9 1.341 

8 1.405 

7 1.476 

6 1.555 

5 1.645 

4 1.751 

3 1.882 

2 2.054 

1 2.326 
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Bottom head 

1.645 

1.696 

1.751 

1.811 

1.882 

1.960 

2.054 

2.170 

2.326 

2.576 
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