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FOREWORD 

There are two parts to this publication. Part I is the user's manual 
for LUSI, which is a computer program developed to simplify the lumber 
size control process. Part II introduces some basic concepts of 
statistical lumber size control. It is recommended that LUSI users 
familiarize themselves with the concepts introduced in Part II to 
enable them to use LUSI effectively. 

Steve J. Wang 
Vancouver, B.C. 
May, 1986 
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COPYRIGHT NOTICE 

Copyright Forintek canada Corp., 1985 

This program (LUSI) is subject to copyright, owned by Forintek canada 
Corp., 1985. It is for your own internal use. You may not transfer, 
license, rent, lease, convey, copy, modify, translate, convert to 
another programming language, decompile or disassemble this software 
for any purpose without Forintek's prior written consent. 

DISCLADKER 

The software (LUSI) is provided •as is•, with all warranties and 
representations of any kind disclaimed, including the implied 
warranties of fitness for a particular purpose. Forintek will not be 
liable for any consequential, apecial or exemplary damages. 



BEFORE YOU START 

Before you start running LUSI, read this section carefully. 

CHECK FOR COMPLETENESS 

When you purchase LUSI you should receive: two diskettes labelled LUSI 
BASELINE PROGRAM and LUSI DAILY MONITORING PROGRAM, and this 
publication. 

The LUSI Baseline Program is for analyzing the lumber size data 
collected in a baseline study and the LUSI Daily Monitoring Program is 
for monitoring the sawing performance of sawmill machine centres over 
time. 

WHAT DO YOU NEED '1'0 RUN LUSI? 

In order to utilize the full capabilities of LUSI you need the 
following hardware: 

1. an IBM PC, an IBM PC/XT or an IBM PC compatible 
microcomputer, 

2. two disk drives, or one disk drive and a hard disk, 

3. an IBM color,graphics adaptor or its compatible adaptor, 

4. a high non-IBM, monochrome monitor or any color 
(RGB) monitor, 

5. 128K of RAM, 

6. a dot matrix printer, 

7. a lXB GageTalker* with an LCD Keypad or 4XB GageTalker, and 

8. Mitutoyo digital calipers** (6, 8, or 12 inches). 

For more efficient operation of LUSI you ahould also have a printer 
apooler, allows you to continue to run LUSI while computer output is 
being printed. 

* The lXB GageTalker, LCD Keypad, and 4XB Gagetalker are available 
from Observational Systems Inc., 15014 NE 40th, Suite 201-B, 
Redmond, WA 98052, USA, Telephone (206) 883-3804 

** Available from local auppliers. 
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PIRST TIME USERS 

If you know how to operate your computer you can skip all sections 
under this heading. However, you must read the section •sacking-up 
LUSI Diskette&". 

on the Computer 

start up your computer: 

1. Place your DOS diskette (supplied with your computer) in the 
disk drive on the left (drive A). 

2. Turn on your video monitor, printer and the computer. 

3. The computer will take a few seconds to start and then it 
will ask you to enter the current date. Enter it as 
month-day-year and push the •Return" key. For example, on 
September 6, 1984 enter "9-6-84". 

4. The computer will then ask you to enter the current time. 
Enter it as hours:minutes and push return (use 24-hour clock). 

5. The system is now on and the system prompt •A)" will appear 
on the screen. 

You can also start your computer by placing one of the LUSI program 
diskette& in drive A. i 

Setting the Default Drive 

If your IBM computer has two disk drives then the drive on the left is 
drive A and the drive on the right is drive B. If you have one disk 
drive and a hard disk, the disk drive operates as either A or B and 
the hard disk is drive c. 
The default drive is the drive that the computer will use to store or 
retrieve information. All LUSI programs have been designed to use 
drive B or the hard disk C as the default drive. 

To set the default drive: 

1. The system prompt should appear on the screen followed by a 
flashing cursor. The prompt will be the current default 
drive letter followed by ")". 

2. Type the letter of the drive which you want as the · new 
default drive followed by ":" and push the •Return• key. 

3. The system prompt should now contain the new drive letter 
followed by • )". 
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Pormatting a Diskette 

Before you can use a new diskette it must be formatted. You can also 
format used diskettes, however, this will ERASE everything currently 
on the diskette so check your diskette carefully before you format it. 

format a diskette: 

1. Make sure your DOS diskette is in drive A. 
2. Make sure the default drive is A. 
3. Type •FORMAT B:• and press the •Return• key. 
4. Place the diskette you want formatted in drive B. 
s. Press any key to start formatting. 
6. After the computer has finished it will ask you if you want 

to format another diskette, if you type •y• in answer to the 
question, begin again at step 4 with your new diskette. 

Backing-up LUSI Diskettes 

Follow the following procedure to make a backup copy of LUSI: 

1. Make sure your DOS diskette is in drive A and the default 
drive is A. 

2. Type •oiSKCOPY A: B: • and press the •Return • key. The 
computer will display the following message: 

•Insert$0URCE diskette in drive A: 
Insert TARGET diskette in drive B: 
Press any key when ready ••• • 

3. Remove the DOS diskette from drive A. 

4. Insert the LUSI Baseline Program diskette in drive A and 
close the door. Insert a blank diskette in drive B and close 
the door. Press any key. 

5. When the computer finishes copying, it displays the message 

•eopy another diskette (Y/N)?• 

Type •y• and the computer will display the message shown in 
Step 2 again. Remove the diskette from drive B and label it 
•LUSI Baseline Backup•. 

6. Replace LUSI Baseline diskette in drive A with the LUSI Daily 
Monitoring diskette and insert a blank diskette in drive B. 
Press any key. 

7. Remove the diskette from drive B and label it •LUSI Daily 
Monitoring Backup•. 
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Store the backup diskettes at room temperature in a clean, dry place, 
away from aagnets and electrical devices. 

Por added protection, you should make two copies of each LUSI diskette 
and store them separately. 

WHAT TO DO IF LUSI DOES HOT WORK 

If for some reason LUSI is damaged and does not work properly follow 
the procedure outlined above to copy the programs that you saved 
earlier on the backup diskettes back onto the LUSI diskette&. 
Remember that when copying programs onto the LUSI diskettes the 
positions of the diskette& are reversed. Your LUSI diskette now goes 
in drive B and your backup diskette in drive A. 

If the above procedure does not restore your LUSI diskette to working 
order it needs to be replaced. Replacement diskettes are available 
from Forintek for $50.00. 

INTRODUCTION 

Welcome to the world of LUSI. LUSI is an acronym of LUmber Size. 

WHAT DOES LUSI DO? 

LUSI is a comprehensive computer software package designed to belp 
sawmillers: 

1. calculate sawing variations from size data collected in a 
baseline study (an intensive lumber size study), 

2. determine minimum target size for aaximum lumber recovery, 

3. analyze lumber shapes and thus facilitate troubleshooting, 

4. 1110nitor machine sawing performance and identify 
out-of-control processes, and 

S. simplify the daily size monitoring process and hence increase 
the productivity of size control personnel. 

WHAT DOES LUSI ROT DO? 

LOSI does not teach you bow to set up a lumber size control program. 
!0 learn how to set up a lumber size control program you should attend 

·a lumber size control seminar, or refer to Part II of tbis publication. 
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LOSI BASELINE PROGRAM 

OVERVIEW 

The LUSI Baseline Program is an easy-to-use computer program which 
performs the following functions: 

1. identifies extremely small or large lumber measurements, 

2. calculates between-board, within-board and total sawing 
variations, 

3. calculates theoretical minimum target size for maximum lumber 
recovery, 

4. analyzes lumber shapes, and 

5. presents a lumber size histogram. 

The LUSI Baseline Program can handle measurements in either inches 
(Imperial units) or millimetres (metric units). When you measure in 
inches you can record the size data to the nearest 0.001 inches or 
l/32 inch. If you measure in millimeters you should record the size 
data to the nearest 0.01 mm. 

SAWING PERFORMANCE EVALUATION PROCEDURE USING LUSI 
I .. 

The procedure is shown in Figure 1. The three squares in Figure 1 
represent the three cdmponents (GAGEB, LUSIB, and SIZE) of LUSI. 

1. GAGEB is used to transfer size measurements previously saved on 
the GageTalker to a user specified file, FILENAME.SIZ (see 
Figure 1). GAGEB can also be used to edit the size measurement 
file (FILENAME.SIZ) and to save size measurements collected from 
different shifts or days by appending one size measurement file 
(FILENAME.SIZ) to another (FILENAME.SAV). 

2. LUSIB is used to construct the SIZE.DAT (or SIZEM.DAT if 
measurements are in metric units) file, which contains general 
information (described in detail later on) and size measurements. 
The general information is input manually through the keyboard. 
The size measurements can either be input IIUlnually through the 
keyboard or electronically read from a size measurements file 
(FILENAME.SIZ or FILENAME.SAV). 

3. Using the information in SIZE.DAT (or SIZEM.DAT), SIZE (or SIZEM 
if measurements are in metric units) performs sawing variation 
analysis, target size calculation, and shape analysis. output 
from SIZE is saved in file SIZE.OUT (or SIZEM.OUT if .easurements 
are in metric units). 

4. The dashed lines in Figure 1 outline the procedure without using a 
GageTalker. 
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FILENAME.SAV 
FILENAME.SIZ 

FILENAME.DAT 
SIZE.DAT 

GAGEB 

SIZE 

General 
Information 

SIZE.OUT I 
I 
I 
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I 
I ----------------- --------

Figure 1. Sawing Performance Evaluation Procedure Using LDSI 



SET'l'ING UP THE GAGETALDR POR SAVING SIZE MEASURl!JmNTS 

Size measurements can be saved automatically using either the lXB or 
4X8 GageTalker. An LCD keypad must be used with the lXB GageTalker to 
enable size measurements for more than one machine to be saved 
aimultaneously. With the lXB GageTalker and LCD keypad size 
.easurements can be saved in two modes: batch mode and X ' R mode 
(see back panel of the GageTalker). If the X' R mode is used the LCD 
keypad tells the user how many measurements have been taken on the 
board being measured and the total number of boards measured. With 
the batch mode, the keypad does not tell the user how many boards have 
been measured. 

The setup procedure for each case is described below. 

lXB GageTalker and LCD Keypad in X ' R Mode 

1. Open up the GageTalker by unscrewing the two Phillips screws 
located on the bottom panel. 

2. Set switches (white plastic switches labelled 1, 2, 3, 4, 5 and 6) 
2 and 3 to the on position (the end with the number down). Set 
switches 1, 4 and 6 to the off position (the end without the 
number down). This sets the baud rate to 4,800 for sending data, 
turns off the linefeed, and forces the data to be sent without 
parity. 

3. If you measure size in inches, set switch 5 to the on 
position, or set it to the off position if you measure lumber size 
in millimeters. Set the unit switch on the front panel to the 
desired value. 

4. Replace GageTalker cover. 

5. Charge the GageTalker for 24 hours (using the AC adapter that 
comes with it, or a compatible one such as the Archer AC Adapter, 
model 273-1455). Make sure the power switch on the GageTalker is 
in the off position during charging. 

6. Connect the LCD keypad to the Gagetalker as shown in Figure 2. 

7. Set the two white plastic switches (labelled 1 and 2) on the back 
panel of the GageTalker to the off position (the end without the 
number down) for X ' R mode. 

8. Turn the GageTalker's power switch on while holding its •READ• 
button (located on the front panel). Release the •READ• button, 
the amber •susy• light will come on for about four aeconds. Wait 
for the message •group reading Rng Xbar• to appear on the LCD 
keypad. 

9. Press the •DIM• key on the LCD keypad, followed by •o• and •1•. 
These two digits signify that data channel tl (dimension) is being 
aet up. The LCD keypad will display •DIM tOl Selected•. 
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Figure 2. Connection between the LCD Keypad and the 
lxB GageTalker for Setting up Data Channels. 
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10. Press the "SET" key and wait for the message "New Setup Next•" to 
be displayed. 

11. Press •o•, "1" and "ENT" in sequence. The LCD keypad displays 
"1 ID 

12. Type in the desired target size for the machine for which you plan 
to take size measurements. Por example, type "1.70" if the target 
size is 1.70 in. You must have two digits to the right of the 
decimal point. Press the "ENT" key and wait for the message 
"XbarR mode Process Avez• to be displayed. 

13. Type the target size again, but with four digits to the right of 
the decimal point if sizes are measured in inches, or two digits 
if sizes are measured in millimeters. For example, type 
"1.7000". The number of digits to the right of the decimal point 
must agree with the display on the Mitutoyo digital calipers. 
(Turn on your Mitutoyo calipers to find out how many digits are to 
the right of the decimal point.) Press the "ENT" key and wait for 
the message "1.7000in Ave+Sigma=" to be displayed. If you type a 
value other than 1.7000, your value will replace 1.7000 in the 
above message. 

14. Type a number slightly bigger than 1.7000, for example, "1.7300", 
followed by "ENT". The LCD keypad displays "1.7300in READ adds 1". 

15. Press the "READ" buton on the GageTalker n-1 times if you plan to 
take n measuremerwts per board. For example, push the "READ" 
button six times for seven measurements per board. The gap time 
between each push•should not be more than two seconds. A one 
second gap is recommended. Watch the changes on the LCD display 
while you are pushing the "READ" button. Wait for the message 
•group reading Rng Xbar• to appear. 

Data channel 1 of the GageTalker has now been set up to receive seven 
measurements per board. You can repeat steps 9 to 14 to set up the 
number of measurements for other data channels. For example, for 
channel 2, you type •o• and "2" at step 9 in place of •o• and "1". 
When deciding on the number of measurements per board, remember to add 
one for width if you plan to take six thickness measurements per board 
in the baseline study. 

Set up all data channels for all the machines that you want to 
evaluate for sawing performance. Record the setup of each channel by 
number of measurements per board (including the opposing dimension, if 
you plan to use the baseline study) and the machine name for each 
channel. Put this information on a sticker and place the sticker on 
the edge of the GageTalker. 

1X8 GageTalker and LCD Kexpad in Batch Mode 

. If you can keep track of the number of boards that bave been measured 
for each machine center you may set up your GageTalker for batch mode 

9 



according to the following procedure: 

1. Open up the GageTalker by unscrewing the two Phillips screws 
located at the bottom panel of the GageTalker. 

2. Set switches (white plastic switches labelled 1, 2, 3, 4, 5 and 6) 
1 and 2 to the on position (the end with the number down). Set 
switches 3, 4 and 6 to the off position (the end without the 
number down). This sets the baud rate to 600 for sending data, 
turns off the linefeed, and forces the data to be sent without 
parity. The 600 baud rate, as compared to the 4,800 baud rate 
used for the X & R mode, will slow down data transfer from the 
GageTalker to the IBM PC or compatible computer. If you prefer a 
faster transfer rate you may set the switches as outlined in 
step 2 of the previous section. However, the size measurements 
will no longer be displayed properly on the LCD keypad. 

3. If you measure your lumber in inches, set switch 5 to the on 
position, or to the off position if you measure your lumber size 
in millimeters. Set the unit switch on the front panel to the 
desired value. 

4. Replace the GageTalker top cover. 

S. Charge the GageTalker for 24 hours (using the AC adapter that 
comes with it, or a compatible one such as the Archer AC Adapter, 
model 273-1455). Make sure the power switch on the GageTalker is 
in the off positi$n during charging. 

6. Connect the LCD keyPad to the Gagetalker as shown in Figure 2. 

7. Set switch No. 1 (labelled on the back panel of the GageTalker) 
to the on position (the end with the number down) and switch No. 2 
to the off position (the end without the number down). 

8. Turn the power switch of the GageTalker on while holding the 
•READ• button (located on the front panel) on the GageTalker 
down. Release the •READ• button, the amber •susy• light will come 
on for about four seconds. 

The GageTalker is now ready to recieve data. Before you take any 
measurements at any machine center you should press the •DIM• key 
followed by two digits to select your choice of data channel. Por 
example, to select data channel 2, press •DIM•, •o• and •2• in 
aequence. Data from different sachines must be stored separately by 
aelecting different channels. You must keep track of the sachine name 
for each channel if you are taking size measurements for .are than one 
aachine. 

4X8 GageTalker 

The setup procedure for this case is the same as for the previous 
•lX8 GageTalker and LCD keypad in batch mode•, except that the 
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baud rate should be set at 4800. To set the baud rate at 4800, see 
Step 2 in Section "lx8 GageTalker and LCD keypad in X & R mode." 

SAFEGUARDING THE GAGETALD:R 

The "READ" and "PRINT" buttons on the front panel of either the 1X8 or 
4X8 GageTalker control the data receiving and sending functions. 
These buttons must be protected from accidental pushing to ensure 
proper operation of the GageTalker. The easiest way is probably to 
glue a piece of transparent plexiglass sheet, with holes drilled for 
access to the two buttons and the unit switch, onto the front panel 
such that the top cover can still be removed when necessary. The hole 
(on the GageTalker) that holds the GageTalker and the LCD keypad 
should not be blocked. 

TAX:ING S:IZE MEASUREMENTS 

As pointed out earlier, size measurements can be input into LUSI 
either manually (typing) or automatically using the GageTalker. If 
you do not have a GageTalker you must record your size measurements on 
a data form and enter the data manually when you run LUSI. In this 
case, any type of outside calipers, either dial or digital, can be 
used. If weather permits (digital calipers may not work well below 
freezing) digital calipers are racornmended for ease of use and reduced 
chance of incorrectly reading the measurements. 

For automatically recording size measurements, the lX8 GageTalker, LCD 
keypad and Mitutcyo calipers are connected together by an interface 
cable from the calipers to the GageTalker, and interface cable from 
the LCD keypad to the GageTalker, as shown in Figure 3a. If you have 
the 4XB GageTalker, simply connect the calipers to the GageTalker. 

Finally, hook the GageTalker assembly to your belt. Now you are ready 
to go to the sawmill. 

When you arrive at the sawmill, turn on the GageTalker and the 
calipers. Make sure you zero the reading when the calipers are closed 
and select the data channel before you take any measurements. 
Remember to keep track of the data channel allocated to each machine 
center for which you plan to measure lumber sizes. Remember to change 
the data channel when going from one machine to another. After 
finishing the measurements, turn off the GageTalker and the digital 

. calipers. 

SETT:ING tJP FOR TRANSFERRING DATA FROM GAGETALD:R TO COIG'tr.rER. 

Before starting up the computer to run LUSI, remove the GageTalker 
assembly from your belt and lay it down next to your IBM PC (or 
compatible computer) . Make sure both the computer and the GageTalker 
are turned off. If you are using the LCD keypad and 1X8 GageTalker, 
connect the LCD keypad to the computer using an RS232 serial 
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Figure 2. Connection between the LCD Keypad and the 
lxB GageTalker for Setting up Data Channels. 



Figure 3a. Connection between the Gage Talker, 
LCD Keypad and the Digital Calipers 
for Taking Size Measurements. 



Figure 3b. 

·. ... 
• ... J.l .. • ·. . . 

Connection between the LCD Keypad, the 
1 X 8 Gage Talker, and the Computer for 
Transferring Data from the Gage Talker 
to the Computer. 



interface cable (Figure 3b) . This cable can be ordered from 
Observational Systems Inc. or a reputable computer store. If you are 
using the 4X8 GageTalker, simply connect the GageTalker to the 
computer using the RS232 cable. 

STARTXNG 'DP YOUR COMPUTER WITH ':HI! LUSI :DISDT':B: 

Place the LUSI Baseline Program diskette in drive A and turn on the 
monitor, printer and computer. Enter the date and time, as requested 
by the computer. The computer then displays the following menu: 

TYPE A COMMAND TO PERFORM A DESIRED TASK 

COMMAND Ia.SK 
B Run LUSI with two disk drives 

c Run LUSI with a hard disk drive 

PI Print output (SIZE.OUT) 
PM Print output (SIZEM.OUT) 

TI Type SIZE.OUT on the screen 

TM Type SIZEM.OUT on the screen 

M Type this menu on the screen 

S'l'AR'l'ING THE LUSI BASELINE PROGRAM 

Before starting to run LUSI, format a new blank diskette. The 
formatted diskette, called the baseline data diskette, is needed to 
store the data. 

When you are ready to run LUSI, make sure the LUSI Baseline Program 
diskette is in drive A, the baseline data diskette in drive B and the 
default drive is A. If you have a hard disk to save size data, you 
must create the subdirectory "C:,BASE" by typing "MD C:,BASE". 

'l'ype "M" to find the command for starting LUSI. As you can see, the 
command to start LUSI is B (if you have two disk drives) or C (if you 
have a hard disk). 'l'ype B or C and the "Return" key to start. 

The program starts by asking whether you have a color monitor. Type 
"Y" if you do, otherwise type "N". The question is only asked when 
LUSI is run for the first time. If you change from a monochrome 
monitor to a color monitor in the future delete the file "COLOR.DAT" 
from the program diskette. 'l'o delete the file, first make sure the 
default drive is A (LUSI in drive A) and the system prompt "A>" 
appears on the screen, and then type "ERASE COLOR.DAT". 
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Once you have indicated the monitor type, the computer displays the 
following menu: 

LUSI BASELINE PROGRAM 
Version September 1985 

Copyright(c) Forintek Canada Corp. 1985 

Type your choice (1, 2, 3, 4, S, or 6): 

1. Read GageTalker and save data to a file. 

2. Edit a data file. 

3. Append one data file to another. 

4. Input general information and data. 

5. List file names on the default drive. 

6. Stop the program. 

Select an option by typing the number that corresponds to your 
choice. Do not press the •Return• key after answering a yes or no 
type question, or selecting an option from a menu. 

You can select the first three options only when you are using the 
GageTalker. 

The last two choices in the menu are self-explanatory, therefore only 
the first four choices are described below. 

Read GageTalker and Save Data to a File 

Select this option only when you have saved size measurements on the 
GageTalker. 

After this option is selected, the computer will ask for a file name. 
Enter a filename that describes . the task you are performing. For 
example, if you have collected nominal 2-in. lumber size data from the 
forward cuts of the No. 2 band headrig, type BR2FN2I. All alphabetic 
or numeric characters can be used in the file name. A maximum of 
eight characters is allowed. If more than eight characters are input 
only the first eight are used. The extension •.siz• is added to the 
file name by LUSI (designed to minimize your typing chore). 

After you have entered a valid file name the computer displays the 
following message in the middle of the screen •Ensure GAGETALKER is 
properly connected to PC, then press •PRINT• button on GAGETALKER once 
for batch mode or twice for x-bar and r mode•. At the bottom of the 
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screen the computer prompts "PRESS<RETURN> TO START DATA TRANSFER". 
Make sure the connections have been properly made, turn on the 
GageTalker and select the right data channel before pressing the 
"Return" key. Loose connections or a weak GageTalker battery will 
cause errors in data transfer. As soon as you return to your office 
from data collection in the sawmill, always charge the GageTalker. 

During data transfer the computer displays which board and which 
measurement it is reading as well as the measurement value. In 
general, it takes about half a second to transfer one measurement. If 
you have 300 measurements in one data channel the data transfer will 
take about 2.5 minutes. 

The computer beeps when the data transfer process is complete and 
displays the menu shown in the previous section. You may want to see 
the transferred data on the screen by choosing option 2 (Edit a data 
file) • For details of option 2 see next section. 

If you have taken size measurements at several machine centers, we 
suggest you choose the first 3 options in sequence. When you want to 
transfer the size data stored in another data channel, remember to 
select the right channel (dimension) first. 

Edit a Data File 

This option is provided to allow viewing and editing of the size 
measurements after it has been transferred from the GageTalker. The 
numerical keypad must be in edit mode before the data file can be 
edited. If you press one of the number keys on the keypad and a 
number is displayed on the screen the keypad is in numerical mode. 
Press the "Num-Lock" key to change to edit mode. 

Most editing commands are executed with one keystroke, while a few 
commands require you to hold the "Ctrl" key down and press another 
key. The available editing commands are listed below. Whenever you 
see "Ctrl" as part of the editing command you should hold the "Ctrl" 
key down while typing the other part of the command. For example, if 
the editing command is "Home", you only need to press the "Home" key. 
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If the command is •ctrl-Bome•, you need to hold the •ctrl" key down 
while pressing the •some• key. 

Editing 
Command 

"Home" 

"Ctrl-Home" 

"End" 

"Ctrl-End" 

._... 

"t" 

Function 

Moves the cursor to the begining of 
the current line (the line where the 
cursor is located). 

Moves the cursor to the beginning of 
the data file. 

Moves the cursor to the end of the 
current line. 

Moves the cursor to the end of the 
file. 

Moves the cursor to the right by one 
space (character), if the cursor is 
not at the end of the line. 

Moves the cursor to the begining of 
the next line if the cursor is at the 
end of the line. 

Causes the computer to beep if the 
cursor is at the end of the file. 

Moves the cursor to the left by one 
space if the cursor ·iS not at the 
beginning of the line. 

Moves the cursor to the end of the 
previous line if the cursor is at the 
beginning of the line. 

causes the computer to beep if the 
cursor is at the beginning of the 
file. 

Moves the cursor up by one line if 
the cursor is not in the top "line of 
the screen. 

causes the computer to beep if the 
cursor is in the first line of the 
data file. 
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Advances the data lines backward by 
16 lines or fewer and keeps the 
cursor in the same data line, if the 
cursor is in the top line of the 
screen and the top line is not the 
first line of the data file. 

Moves the cursor down by one line if 
the cursor is not in the last data 
line of the screen. 

Causes the computer to beep if the 
cursor is in the last line of the 
data file. 

Advances the data line forward by 16 
lines or fewer if the cursor is in 
the last data line of the screen and 
the data line is not the last line of 
the data file. 

Moves the cursor up by 16 lines (one 
page) if there are more than 15 lines 
above the current line. 

Advances the data backward (upward on 
the screen) by 16 or fewer lines if 
there are fewer than 16 lines above 
the cursor line and the top line on 
the screen is not the first line of 
the data file. 

Moves the cursor to the top line if 
the top line is the first line of the 
file and there are fewer than 16 
lines above the current line. 

Causes the computer to beep if the 
cursor is at the first line of the 
file. 

Moves the cursor down by 16 lines 
(one page) if there are more than 15 
lines below the current line. 

Advances the data forward (downward 
on the acreen) by 16 or fewer· lines 
if there are fewer than 16 lines 
below the cursor line and the bottom 
line on the acreen ia not the last 
line of the data file. 
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"Backspace" 
(labelled as -) 

"Del" 

•ctrl-- • 

Moves the cursor to the bottom line 
if the bottom line is the last line 
of the file and there are fewer than 
16 lines below the current line. 

causes the computer to beep if the 
cursor is in the last line of the 
file. 

Inserts a new line by .aving data at 
and after the cursor position to the 
next line if the cursor is not at the 
beginning of the line. 

Causes the computer to beep if the 
cursor is at the beg inning of the 
file. 

Deletes the character before the 
cursor if the cursor is not at the 
beginning of the line. 

Attaches the current line to the 
previous line if the cursor is at the 
beginning of the line and the current 
line is not the first line of the 
file. If the total number of 
characters of the current line and 
the previous line is more than 80 the 
computer beeps. 

causes the computer to beep if the 
current line is the top line on the 
screen and the cursor is at the 
beginning of the line. 

Deletes the character at the cursor 
position if the cursor is not at the 
end of the line. 

causes the computer to beep if the 
cursor is at the end of a line. 

Deletes the data at and after the 
cursor postion of the current line. 

Deletes the current line if. the 
cursor is at the beginning of the 
line. 
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In general, if the size measurements are taken carefully the data file 
will not need editing; if it does, review the commands carefully before 
doing anything. Or better yet, practice editing on a dummy data file 
before editing a real data file. When editing, always line up the data 
properly using the original format. There are always two apaces between 
adjacent 

are two ways to exit the editor (see bottom of the acreen). If 
there are no changes to the data file press the •Esc• key and the 
computer prompts •oo you really want to quit (Y/N)?•. Answer yes by 
typing •y•, or no by typing •N" (if you change your mind and want to 
edit the file). To exit after making changes in the data file hold down 
the •Alt• key and type •E•. This instructs the computer to save the 
edited data file. 

Append One Data Pile to Another 

This option is chosen for two cases. 

Case 1--Performing the Baseline Study. When size measurements are taken 
(using the GageTalker) over a period of several shifts or days, the 
•append data file• option should be chosen after the data file (with the 
extension •.siz•) has been viewed or edited • 

Case 2--Conducting Daily Monitoring. Similarly, size measurements 
collected during the daily monitoring process can be appended to a file 
for future analysis uaing the LUSI Baseline Program. 

The maximum number offboards for which can be saved is 
300. If the number of boards exceeds 300 only the measurements of the 
last 300 boards are saved. 

If this option is selected without previously selecting option 2 •Edit a 
data file•, the computer will ask for the name of the file to be 
appended to and the name of the file to be appended. !Ype in two valid 
names corresponding to the appropriate machine names. A aaximum of 
eight characters is allowed, it is not necessary to type the extensions 
for the file names. The computer has the default •.SAv• for the file to 
be appended to and the default •.s1z• for the file to be appended. 
Jte•lllber theae extensions are provided to ainimize typing. If for 
aome reason tbese default extensions are not wanted, preferred 
extensions may be entered when typing in the file names •. In this case a 
.aximum of 12 characters is allowed. After the file names have been 
typed in the computer displays the file names again for confirmation. 
Press the •Return• key to confirm and the •Backspace• key to uke 
changes. 

Jf you choose this option after editing a data file, tbe camputer will 
display the name of the file to be appended to and the name of the file 
to be appended. 'l"he f Ue to be appended to will norully have the 

·extension •.sAv• and tbe file to be appended bas the extension •.siz•, 
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unless otherwise specified. If the file names are correct press the 
•Return• key to proceed. If the file names are incorrect press the 
•Backspace• key to make alterations. 

Input General Information and Data 

this option should be chosen when size measurements transfer bas been 
completed and the data is ready for analysis. When this option is 
aelected the second component of the LUSI Baseline Program (LUSIB) is 
executed. In systems without a GageTalker this component should be 
executed first when starting the LUSI Baseline Program. 

program continues by asking you to select one of two units of 
aeasurement: 

1. inches 

2. millimeters. 

Make your selection by typing either 1 or 2. 

Next the program prompts you for a file name which should be limited 
to eight characters. If you enter more than eight characters, only 
the first eight will be used. Since the name is later used to 
identify a file for storing data the name should be as descriptive as 
possible. For example, if the nominal 2-in. size data collected from 
the forward cuts of \he 12 band headrig is being analyzed the file 
name could be BR2FN2I. If you have used the GageTalker, the file name 
you enter here should be the same as that used to save the size 
•asurements transferred from the GageTalker. All alphabetic or 
numeric characters are allowed, however, periods or commas should not 
be used. The program will append •.DAT• to the file name. In order 
to manage your data effectively, you should keep a list of the file 
names you use and identify each with an appropriate description. 

After receiving the file name, the program offers two courses of 
action: 

1. Input new data 

2. Revise an existing data file. 

Choose 1 if this is the first time you bave analyzed the sawing 
performance of a aachine center. Choose 2 only if you want to revise 
veneral information or size data. 

If the file name entered already exists and you choose to input new 
data the program will beep and ask you to reenter the file The 
program will also ask for the file name to be reentered if you choose 
to revise a data file that does not exist. 
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ENTERING '1'BE GENERAL INFORMATION 

If you choose to enter your size data in inches the following table 
will be displayed. You must enter information for each of these items 
(except the file name, which is already displayed): 

GENERAL INFORMATION 

Mill Name 
Conversion Center 

Study Date 
File Name 

Wood Species 
Final Moisture Condition 

Marketed Lumber Size 
Fixed Planer Bead Setting 
Minimum Moisture Content 

Maximum Tangential Shrinkage 
Units of Measurement 

Number of Measurements Per Piece 
• Thickness or Width Measured 

. . . . 

FILENAME 

(O•Green l•Dry) 
(in) 
(in) ,,, 
<•> 
(0•1/32• 1•0.001•) 
(2, 3, 4 or 6) 
(O•Thickness 1-width) 

If you choose to enter your data in millimeters a aimilar table is 
displayed but without the item •units of Measurement•. 

Before you enter the general information observe the following typing 
and editing rules: 

set the numerical keypad to edit mode. To find out whether the 
keypad is in numerical or edit mode, press one of the keys of the 
keypad. If a number shows up it is in numerical .ode, otherwise 
it is in edit mode. If it is in numerical .ode press the 
•Num-tock• key to change it to edit mode. 

Use the regular keyboard to type in the characters and numbers. 
Do not use the numerical keypad to enter numbera. 

After entering each line of information press the •aeturn• key. 
Otherwise, the information you have entered is not received by the 
program. 

To delete typing mistakes use the large backarrow key at the top 
of the keyboard. When this key is pressed the character to the 
left of the cursor is deleted. 

Use the up and down arrow keys of the keypad to .eve the cursor 
from line to line to make a correction. 

enter the general information. 
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Mill Name: 

Your sawmill name (a maximum of 24 characters). 

Conversion Center: 

name of the machine for which you are doing the size analysis (a 
aaximum of 24 characters). Other descriptive information (e.g., 
•BEADRIG 11 BACKWARD CUT•) may be included with the machine name. 

Study Date: 

The date when the size measurements were taken (a aaximum of 16 
characters), e.g., July 16 1984. If you include a comma in your date 
the computer will replace the comma with a space. 

Pile Name: 

The file name supplied at an earlier stage of program execution is 
displayed on the screen, it should usually be left unaltered. If it 
is changed the revised name will replace the old name. The revision 
feature can be used to avoid typing the same general information for 
different machine centers. 

Wood Species: 

The species of wood you have measured (a maximum of 16 characters). 

Final Moisture Condition: 

If you sell your lumber dry enter •1• otherwise enter •o•. 
Marketed Lumber Size: 

The actual size of your end product. For example, the marketed lumber 
thickness of a 2 x 4 stud sold dry finished is 1.500 inches. 

Fixed Planer Bead Setting: 

This is the depth of wood removed by the fixed planer head (bottom or 
aide head). Por example, if you remove 0.060 inch from the bottom 
enter •o.o6o•. If you sell your lumber rough enter •o•. 
Kint.um Moisture Content: 

If you sell your lumber dry enter the minimum moisture content of your 
dried lumber, usually between 8-12 percent. For example, if the 
ainimum moisture content is nine percent enter •g•. If you sell your 
lumber green enter •o•. 
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Maximum Tangential Shrinkage: 

!bis is the maximum shrinkage that can occur in the width or thickness 
of lumber. Table 1 lists maximum tangential shrinkage values for 
species common to Western canada. For example, the maximum tangential 
shrinkage for lodgepole pine is 6. 8 percent, so you should enter 
•6.8". If you sell your lumber green enter •o•. 
Units of Measurement: 

!bis item appears only when you measure lumber sizes in inches. Enter 
•o• if you to the nearest 1/32 in. Enter "1" if you measure 
to the nearest 0.001 in. If a GageTalker vas used to save data enter 
"1". 

Number of Measurements per Piece: 

The number of measurements recorded per piece of lumber. Enter "2", 
"3", "4" or "6". 

Thickness or Width Measured: 

Enter •o• if the .easurements are for thickness. Enter "1" for width. 

When you have finished entering the above information the cursor will 
move to the right of your mill name. Examine the information you have 
just entered carefully. If you find some errors you can use the up or 
down arrow keys to move the cursor to the item that you would like to 
correct and use the backarrow (backspace) key to erase the incorrect 
information. Remember to press the "Return• key after you bave 
completed the correction. 

When the information entered is complete and correct, press the "Fl" 
key to save your general information and to continue the program. The 
bottom left of the screen will show board numbers 1), 2) and 3). In 
addition, the message "Push 'Fl' to continue, 'F9' to read data and 
'Esc' to exit" is displayed at the bottom of the screen. 

READING LDMBER SIZE MEASUREMENTS PRCII A PILE 

If the GageTalker bas been used to save size .. asurementa, transfer 
size Masurements to LUSI by pushing the "F9" key. 'lbe computer 
prompts "Read data in FILENAME.SIZ (Y/N)?", where PILENAME is the file 
name that was entered previously. If PILENAME.SIZ is the file where 
the size measurements are saved press •y• to continue. If 
PILENAME.SIZ is not the file in which the size are stored 
press "N" to change the file name. Por example, the size .. asurements 
uy have been accumulated over several days in a file called 
PILENAME.SAV, in this case answer no by typing "N" and then enter the 
file name PILENAME.&AV. After confirming the file name the computer 

·displays •1. Replace existing data. 2. Append to existing data.• If 
.there are no size displayed on the screen choose option 1 
b7 typing •1•. If there are size on the screen (you have 

23 



Table 1 

Maximum Tangential Shrinkage for Various 
Softwood Species 

Species Tangential Species 
Shrinkage 

(\) 

CEDAR, eastern white 3.6 PINE, jack 
CEDAR, western red 4.5 PINE, lodgepole 
CYPRESS, yellow 6.0 PINE, ponderosa 
DOUGLAS-FIR 7.4 PINE, red 
FIR, alpine 7.4 PINE, western white 
FIR, amabilis 8.9 SPRUCE, black 
FIR, balsam 7.5 SPRUCE, Engel.mann 
HEMLOCK, western 8.5 SPRUCE, Sitka 
LARCH, western 8.9 SPRUCE, white 
PINE, eastern white 6.3 TAMARACK 

Tangential 
Shrinkage 

{\) 

5.9 
6.8 
5.9 
6.3 
6.8 
7.5 
8.2 
7.8 
6.9 
6.2 

Source: Dobie, J. and Wright, D.M. 1975. Conversion Factors for the 
Forest Products Industry in Western Canada. 
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chosen to revise data) a decision must be ma4e whether to replace or 
append to the data on the screen. After the size measurements have 
been transferred from a file to the screen, and if you are confident 
that the size •asurements are correct, press the •p1• key to 
continue. Otherwise, press the •Return• key to check ·the validity of 
each line of data. If an error message occurs after pressing the 
•aeturn• key read the error aessage and respond properly to the 
program. If revision of the data is required use the editing keys 
described below in the next section. 

BNTERING LUMBER SIZE MEASUREMENTS MANUALLY 

If you have told the computer you want to input sizes in decimal form, 
enter them accordingly. For example, if you have taken three 
aeasurements per board and they are 3.760, 3.765 and 3.77 inches enter 
the measurements as: 

3.176 3.765 3.77 (use a space between each measurement). 

If you measure the lumber sizes at six places you vill have to input 
the nominal opposing dimension which is the nominal width if you 
.easure thickness and is the nominal thickness if you measure width. 
Press the •Return• key after you complete typing both the measurements 
of a board and the opposing dimension. 

If the aize measurements are recorded in thirty-seconds of an inch 
type in the number of whole inches followed by a •-• and then the 
number of thirty-aeconds. For example, if the aeasurement is one and 
twenty-five thirty-sec!onds of an inch type l-25. ·Again separate 
adjacent measurements by a space and remember to press the •aeturn• 
key after you complete typing the measurements for one board and the 
opposing dimension, if you take six measurements per board. 

While the numerical keypad is in edit .ode additional editing 
capabilities are provided for you to enter and revise size data. 

The •Pgup• key .eves the size data dovn by five boards. 
The •Pgnw• key .eves the size data up by five boards. 
The left arrow key .eves the curaor to the left one position at a 
time. 
The right arrow key .eves the cursor to the right one apace at a 
time. 
The •0e1• key is used to delete the character at the cursor 
position. 
The •aome• key is used to .ove the cursor to the beginning of a 
line. 
The •snd• key is used to .ove the cursor to the end of a line. 
Holding down any of the arrow keys causes the curaor to .eve 
continuously in the direction selected. 

You .. Y try these editing keys after you have typed a few boards of 
abe data. 
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When all of your data has been entered correctly press the •Fl• key to 
aave the size data and to continue the program. 

Both the general information and the lumber size -.asurements are 
aaved in a file called SIZE.DA't', if size Msurements are taken in 
inches, and called SIZEM.DAT if taken in millimeters. !be data are 
also saved in a file with the name you supplied earlier. Por example, 
if the file name is BR2FN2, the data are saved in file BR2PN2.DAT. 

If you prefer to enter size data using the numerical keypad you may do 
ao by pressing the •Num-Lock• to set numerical mode for the keypad. 
'l'he •+• key (next to the keypad) may be used to separate 
-.asurements. When the •+• key is pressed a space is displayed on the 
screen. To switch between edit and numerical modes for the keypad 
press •Num-Lock• key. 

DATA PROCESSING 

After you press the •F1• key the computer asks you whether you want to 
process the data or not. If you answer with •y• for yes the computer 
will analyze the data for you. The time required for the computer to 
complete data processing depends on total number of measurements. In 
general, it should not take more than two minutes. The results will 
be stored on a file called SIZE.OUT, if your sizes are in inches, or 
SIZEM.OUT if your sizes are in millimeters. 

PRINTING A COPY OF THE INPUT FILE 

If you decide to check your data before it is processed and you are 
tired of looking at the monitor, you may type •PRINT• followed by a 
apace and •siZE.DAT• or •siZEM.DAT• to get a hard copy from your 
printer. The first time you use this •PRINT• command, the computer 
Day respond with the message •Name of list device [PRN]•. Press the 
•Return• key to continue. 

PRINTING A COPY OF !'BE OO'l'PUT 

view the output report (SIZE.OOT or SIZEM.OUT) on the screen type 
•TI• (or and press the •aeturn• key. To atop the screen from 
scrolling bold down the •ctrl• key and type •s•. To resume the 
scrolling, bold down the •ctrl• key and type •a•. 

obtain a printed copy type •pi• or •PM• depending on the units of 
Masurement. 

ltBVISIHG lHPOT 

· If you discover any errors after the data is processed you can easily 
correct them and reprocess the data. If the LOSI Baseline Program 
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diskette is in drive A and the data diskette in drive B type •a• to 
restart the program. When the computer prompts: 

1. Input new data. 

2. Revise an existing data file. 

type •2•. When requested to input the file name, make aure you enter 
the same name that you used earlier. Do not include •.DAT• in the 
name. Again, only eight characters are allowed. 

LUSI DAILY MONITORING PROGRAM 

OVERVIEW 

'l'he LUSI Daily Monitoring Program is used to help you 1a0nitor the 
sawing performance of various machines. To do this you measure a 
sample of lumber every shift from each machine being JaOnitored and 
enter these measurements into the program. You can use the GageTalker 
to save size measurements and later transfer the measurements to 
LUSI. You can take either single or multiple measurements per board. 

When you take a single measurement per board the number of boards 
measured must be at least 20 for the program to be effective in 
helping you identify an out-of-control process. When you take 
multiple measurements• per board the number of boards measured should 
be at least six and the measurements per board should be at least 
four. The larger the' sample the 1a0re reliably an out-of-control 
process can be detected. 

From the data you have entered the program produces various control 
charts, histograms and lists to help you track the sawing performance 
of each machine center. You will be able to isolate shifts or days in 
which the average lumber size or one of the several sawing variations 
vas found to be satisfactory or unsatisfactory. You will be able to 
view the long-term changes in the sawing performance of a machine. 

DAILY SAWING PERFORMANCE MONITORING PROCEDURE USING LDSI 

'!'he procedure is represented achematically in Figure 4. !'he aeven 
aquares represent the seven components of the LUSI Daily Monitoring 
Program. The aize .. asurements can be input to LUSI either by 
automatic input through the GageTalker or .anual input through the 
keyboard. 

!be component LDSAID reads size .. asurements in the Gage'l'alker and 
aaves them on a diskette under a file name (FILENAME.SIZ) apecified by 

. the user. Measurements taken over a period of tiae can be accumulated 
and aaved for analysis by the LUSI Baseline Program if desired. 'l'be 
MONITOR component aimply provides the .. chanism for .oving from one 
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Figure 4. Daily Sawing Performance Monitoring Procedure Using LVSI 
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component to another. Component PROCl stores a list of machines being 
.onitored. Machine names can be added to, or removed from, the list 
upon request. Component PROC2 receives the size either 
from a size file or the key board. It stores the size 

according to shift, date and machine center. 
PROC3 produces histograms for the size of the last 
collection date for each machine center being monitored. Component 
PROC4 creates control charts. Component PROCS keeps track of all 
daily size statistics (average lumber size, and within-, between- and 
total-sawing variations). Program execution can be stopped or 
initiated at any component. 

GETTING 'lO KNOW LUSI DAILY MONITORING PROGRAM 

This section describes what the program does, and needs, in more 
detail. 

Machine List 

LUSI Daily Monitoring Program keeps a list of up to nine JDachines 
which it monitors. Each machine is referenced by a machine name which 
you provide. Whenever the program is accessesd a list of all the 
machines is printed as shown below. 

1) 
2) 
3) 

**** MACHINE NAMES **** 
Gang 1st saw in 
Band 11 in 
Gang 2nd Saw in 

4) 
5) 

Band 12 in 
Resaw in 

To select a machine press its corresponding number when the program 
prompts you with the message •Enter the machine number•. Do not 
press the •aeturn• key after typing .achine number. If the aachine 
list contains only one machine you will not be required to select a 
aachine. 

Machine Parameters 

add a aachine to the aachine list a set of parameters is required. 

'!'he first parameter is the aachine name (up to 16 characters in 
length). The aachine name is for your convenience and you should use 
it to your advantage, such as for recording the units used to aake 
lumber 

fte next two parameters are: 

the number of boards to be Masured per sample, and 
the number of to be aade per board. 
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If a aingle .easurement per board is used for daily .onitoring, the 
final parameters are: 

average lumber aize, and 
total sawing variation. 

If .ore than one measurement is used per board, the final parameters 
are: 

average lumber aize, 
between-board sawing variation, 
within-board aawing variation, and 
total sawing variation. 

Daily Samples 

Normally, for monitoring purposes, a sample (usually six or more) of 
boards is measured for 2ach machine centre during a shift. If you 
have a GageTalker and Mitutoyo calipers, aize 11easurements can be 
aaved on the GageTalker and later transferred to the computer. 

of size measurements is described in the following aections 
•setting Up the GageTalker for Saving Size Meaaurements• (p. 7) , 
•safeguarding the GageTalker• (p. 11), •Taking Size Measurements• 
(p. 11), and •setting up for Transferring Data from GageTalker to 
Computer• (p. 11). If you do not have a GageTalker, size aeasurements 
•ust be recorded manually and input into the computer through the 
keyboard. The daily lumber measurements are uaed to calculate aample 
atatistics (average lumber size and aawing variations). program 
uaes the size measurements and aample statistics to produce histograms 
and control charts, respectively. 

If you know the sample statistics which are available from aome 
automatic or aemi-automatic mesuring devices you can enter these 
atatistics into the program in lieu of the lumber aeasurements. 
However, when you do this, the histograms of daily aizes will not be 
available. 

Biatograms 

!'he •siatogram of Lumber Measurement•• ia a chart ahowing the 
diatribution of all the lumber aeasurements for a aample. !0 draw the 
biatogram the program creates 19 lumber aize intervals. Bach of the 
•aaurements is placed in an interval and ia repreaente&5 vi th an 
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asterisk. A typical example of a histogram for a sample of eight 
boards with eight measurements each is ahown below. 

HISTOGRAM OF LUMBER MEASUREMENTS 

1.825 : 
1.800 
1.775 :*--------------------------UCL 
1.750 :* 
1.725 :*--------------------------OWL 
1.700 :** 
1.675 :*** 
1. 650 :***** 
1.625 :************* 
1.600 :**************-------------ML 
1.575 :*********** 
1. 550 : ****** 
1.525 :*** 
1.500 :** 
1.475 :*--------------------------LWL 
1.450 :* 
1.425 : --------------------------LCL 
1.400 
1.375 : 

If you count the number of asterisks in the histogram you will find 
one for each of the 64 measurements from the aample. Each of the 
numbers on the left defines an interval and the number of asterisks to 
the right of each represents the number of .. asurements that 
fell into that intervJl. For example, the interval •1.100• has two 
asterisks which means that two measurements fell between 1.688 and 
1.713. 

line labelled on the right as •ML• (middle line) indicates that 
the target or average lumber size from the baseline atudy is in the 
•1.600• interval. lines labelled as •owL• (upper warning line) 
and •LWL• (lower warning· line) define the region in which t5 percent 
of the .easurementa should fall. other two linea, •ocL• (upper 
control line) and •LCL• (lower control line), represent the boundaries 
outside of which almost no .. asurements ahould fall. Only about one 
out of one thousand of the .. asurements ahould acceptably fall outside 
these boundaries. 

IJ'he above histogram ahows a normal distribution of lumber 
aeasurements. Most of the .. aaurements are near the aiddle line (ML) 
and the number of .. asurements ateadily decreases for the intervals 
furthest away from the aiddle line. 

Jn order to identify the .. asurements of each board you are tiven the 
opportunity to tive each board a aymbol. You can do this when you are 
entering the .. asurements for each board or after you have transferred 
aize .. aaure•nts frcm a file. aymbols aay be any of the 
alphabetic characters. Por instance, if you tave a board the ayabol 
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•a•, perhaps standing for •backcut•, then each asterisk in the 
bistogram for that particular board would be replaced by the letter 
•a•. 
Jf there is .ore than one .easurement taken per board then the program 
also prints a •size Distribution for Individual Boards•. lfhe 
following is an example of how the •size Distribution for Individual 
Boards• sight appear for the example used for the previous histogram. 

SIZE DISTRIBUTION POR INDIVIDUAL BOARDS 

1.825 : 
1.800 : 
1.775 : l -------------------UCL 
1.750 : 1 
1.725 : 1 0 -------------------UWL 
1.700 : 1 1 0 
1.675 :11 0 1 
1.650 :12 1 1 
1. 625 :2312410 
1.600 :2133131 
1.575 :1 33 31 
1.550 :1 1 022 
1. 525 : 1 2 
1.500 : 2 
1.475 1 ------------------LWL 
1.450 : 1 
1.425 --------------------------LCL 1.406 : 
1.375 : 

intervals used in this graph are the same as those used in the 
previous histogram. If you add up the numbers in a given interval you 
vill find the sum of the numbers is the same as the number of 
asterisks on the same interval of the previous histogram. !be five 
lines in this graph (UCL, OWL, ML, LWL and LCL) have the same .eaning 
as those in the previous histogram. 

!here are eight columns of numbers in this graph. Each of these 
columns represents one of the eight boards .. asured. !be sum of the 
numbers in any one column is eight, the number of .easurements .. de 
per board. Bach number represents the nWDber of .. asure•nts that 
fall in the same interval for the board designated by the column. 

!his graph gives you another way of examining lumber aize data. When 
.are than half of the boards have vide size distribution, like board 7 
(counting from the left), vi thin-board aaving variation is ·not 
desirable. When .ore than half the boards have all their abe 
Masurements fall completely above or below the aiddle line the 
between-board saving variation is not acting well. !his eraph abould 
be interpreted in conjunction vith the control charta. 
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Statistics and Control Charts 

!be daily statistics (average lumber size, within-board, between-board 
and total sawing variations) calculated from each sample are stored by 
the program in a separate data file for each aachine being .anitored. 

data files can store 92 days worth of statistics with up to 
three shifts a day. When a data file becomes full it erases the old 
daily statistics to make room for the new ones. In this way you can 
enter samples into the program indefinitely. statistics can be 
displayed by the program at any time in one of two ways. 

First, the program uses the statistics to generate control charts 
which can be displayed for one shift or all shifts. As with the 
histogram, five control lines are printed on the control chart. Again 
the middle line represents the target value for the given statistic. 
Only about five percent of the points should fall outside the two 
warning lines and about 0.1 percent of the points can acceptably fall 
outside the outer two control lines. 

Second, the program can print a table of the sample statistics, by 
shift, for each sachine along the list of machine parameters. Sample 
statistics that fall outside the four control lines (UCL, OWL, LWL and 
LCL) are flagged by the program. Using this .ethod you can get the 
exact values of the sample statistics instead of reading them from the 
control charts. However, it is not as easy to visualize trends in the 
daily statistics from the table as it is from the control charts. 

RUNNING LOSI DAILY MONITORING PROGRAM 

STARTING UP 

A formatted diskette for storing data is needed to run the LOSI Daily 
Monitoring Program (see page 3 for diskette formatting instructions). 

diskette is called the daily .onitoring data diskette. !be same 
data diskette is used every time LUSI is run. LOSI allows you to 
.anitor nine .achines with one data diskette. If .ore than nine 
.. chines are to be .onitored as many data diskette& as required can be 
prepared. If you have a bard disk it should be used in place of the 
data diskette. 

If data has been saved on the GageTalker connect it to the computer 
before turning the computer on. For connection information see 
•setting up for Data from GageTalker to Computer• (p. 11). 

Start the computer by placing the LOSI Daily Monitoring Program 
diskette in drive A, and the daily .anitoring data diskette in drive B 
(if the computer has two disk drives) and turning on the co.puter and 
the printer. !be computer will ask for the date and the tllle. After 

· the date and tilDe have been entered the following •nu is displayed. 
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'l'YPE B OR C "1'0 START 

B Run LUSI with two disk drives. 

C Run LUSI with a hard disk. 

'YPe •s• to start LUSI if the computer has two disk drives, this sets 
the default drive to B before executing LUSI. 

If the computer has a bard disk, before running the LUSI Daily 
Monitoring Program for the first time create a subdirectory called 
•\DAILY". This is done by typing •MD C:\DAILY". The subdirectory is 
used to save all the size data and sample statistics on the bard 
disk. Type •c• to start LUSI, this sets the default directory to 
C:\DAILY before executing LUSI. 

After typing •a• or •c• the following menu will be displayed: 

LUSI DAILY MONITORING PROGRAM 
Version 4.0, September 1985 

Copyright(c) Forintek canada Corp. 1985 

.. 
I ******* GAGE MENU ****** 

1. Read GageTalker and save data to a file. 
2. Edit a data file. 
3. Append one data file to another. 
4. Return to main menu. 
5. List file names on the default drive. 
6. Stop the program. 

There are six options in the GAGE MENU. Options 5 and 6 are 
self-explanatory. Options 1, 2 and 3 have been explained previously 
in the sections entitled •aead GageTalker and Save Data to a Pile• 
(p. 14), •Edit a Data Pile" (p. 15) and •Append One Data Pile to 
Another• (p. 19). If you have already run the LUSI Baseline Program 
you should be familiar with all the options except option 4. If 
options 1, 2, and 3 are not clearly understood refer to the ·above 
sections. Option 4 is the MONITOR component of LUSI, it provides the 
..cbanism to execute other parts of LOSI. 

Select an option by pressing the appropriate number, do not preas the 
. •aeturn• key after typing the number. 
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Normally, if you have a GageTalker, the size .easurements would have 
been transferred from the GageTalker to the data diskette using 
options 1, 2 and 3, in sequence, for each .achine being .onitored. 
After completing the data transfer for all machine centers select 
option 4. Do not select options 1, 2 and 3, if you are not using the 
GageTalker. 

After typing •4• to select option 4 the following MAIN MENU appears 
when you run the program the first time or with a blank data diskette. 

**** MAIN MENU **** 

1) Add I Remove machines 
2) Stop the program 

Otherwise, the MAIN MENU appears as follows: 

**** MAIN MENU **** 

1) Add I Remove machines 
2) Enter daily information 
3) Display daily histograms 
4) Display control charts 
5) List daily statistics 
6) Read data from GageTalker 
·7) Stop the program 

!'he following sections in this manual explain vhat each of these 
options actually does. Self-explanatory options will not be described. 

Add I Re110ve Machines 

!'his option allows you to add or remove machines from the aachine list 
and to revise aachine parameters. After selecting this option the 
program displays the MACHINE MENU. 

**** MACHINE MENU **** 

1) Md a new machine name 
2) Revise machine parameters 
3) Remove an old aachine name 
4) Return to aain Mnu 
5) Stop the program 

· Add a llev Machine lla.e 

·!his first option allows you to add a .. chine to the aachine list. 
After you select this option the program prompts you for the aachine 
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parameters discussed previously. Once you have entered them all the 
PI..RAMETER MENU appears at the bottom of the screen. 

**** PARAMETER MENU **** 
1) Save the above parameters 
2) Return to the menu with no changes 
3) Change one of the parameters 

you choose the first option the computer saves the parameters, 
calculates the control limits of the control charts, and then returns 
to the MACHINE MENU. If you take multiple-measurements per board a 
few minutes are needed to establish the control limits for 
between-board sawing variation. (Please be patient.) Normally you 
choose this option only after you enter the parameters for a new 
machine or after you revise the machine parameters. 

'l'he second option causes the program to return to the MAIN MENU 
without adding the new machine to the machine list. 

'l'he third option allows you to change any one of the parameters. Each 
of the parameters is referenced by a number from one to seven. '!'his 
enables you to select the parameter you wish to change when the 
program prints the message •Enter the parameter number (l-7).•. After 
selecting the desired parameter the program will prompt you for its 
new value. 

I 
Revise Machine Parameters 

'!'his second option of the MACHINE MENU allows you to change the 
parameters for a machine which already exists in the machine list. 
'l'he program will first ask you which machine you wish to revise, if 
there is more than one machine. Next it will list the current 
parameters for the machine and display the PARAMETER MENU. 

**** PARAMETER MENU **** 
1) Save the above parameters 
2) Return to menu with no changes 
3) Change one. of the parameters 
4) Calculate baseline statistics 

first option allows you to save the revised parameters and return 
to the MAIN MENU. 'l'he second option allows you to return to the MAIN 
MENU with the machine parameters unchanged. !'he third option··allows 
you to revise any of the parameters. 'l'he last option only appears if 
there are 25 or more daily samples entered for the .. chine being 
revised. Choose option 4 only when the control chart exhibits a clear 
·ahift in trend. When you choose this option the program recalculates 

· the baseline atatistics from the available samples. !be program 9oes 
through each baseline parameter ahowing the new and old values and 
asks if you want to replace the old value with the new one. !'be 
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recalculated between-board aawing variation say aometimes be 
inaccurate, therefore, replacing the old value is not recommended. If 
you are convinced that the between-board aawing variation has changeu 
aignificantly you should conduct a baseline atudy to determine its new 
value. If you have accumulated your daily in a file, you 
can use the LUSI Baseline Program to analyze the accumulated aize 
data, eliminating the need for conducting the baseline atudy. 

Jtemove an Old Machine Name 

third option of the MACHINE MENU allows you to remove a machine 
name from the machine list. Beware: Removing a sachine that 
all the information for that machine will be erased. For this reason 
the program confirms that you wish to do this to prevent you from 
accidentally losing data. 

Error and Warning Messages 

Occasionally, when you push the wrong key or enter incorrect data, the 
program will issue an error or warning Each possible error 
or warning message is described below. 

ERROR : The value of the parameter entered 
must be between MIN and MAX • 

MIN and MAX are two numerical values. 

'l'he above error message appears when the value you enter for a 
parameter exceeds the acceptable range as determined by the values of 
MIN and MAX. You will have to enter a new value for the parameter in 
question. 

WARNING : There is a discrepancy in the aawing 
variations entered. 

By definition, the square of the total aawing variation equals the aum 
of the squares of the between-board and within-board aawing 
variations. When the baseline statistics that you have entered do not 
agree with this equation the above warning ••sage appears. You 
ahould reviae the baseline statistics ao that they agree with this 
equation. 

Enter Daily Information 

second option of the MAIN MENU allows you to enter the 
information for each shift. As discuaaed previously, there are two 
ways in which this can be done. !he first .ethod is entering the 
lumber Maaurements of the aample and allowing the program to 
calculate the atatistics. The aecond .. thod ia by entering the daily 
atatiatica directly. 
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After entering this option from the MAIN MENU the SIZE MENU is printed 
on the screen. 

•••• SIZE MENU •*** 
1) Enter lumber .easurements 
2) Enter lumber statistics 
3) Return to main .enu 
4) Stop the program 

first two options are used to enter the results from the daily 
samples. After you select either of these options the program asks 
you for which machine you want to enter the data, if aore than one 
.achine is being monitored. After selecting the machine, enter the 
date and shift for which the sample was taken. Do not press the 
•aeturn• key after typing the shift number. 

Enter Lumber Measurements 

displays a window on the lower half of the screen. You 
can see the board numbers shown on the left: 1), 2), 3), and 4). The 
cursor is positioned to the right of the board number 1). message 
•Push 'Fl' to continue, 'F9' to read a data file, or 'Esc' to exit.• 
is displayed at the bottom of the screen. 

computer is now ready to accept data input. LOSI gives you two 
ways to input data. If data has been saved on the GageTalker and 
transferred to the monitoring data diskette, it is accessed by 
pressing the •pg• key. · •Name of data file •• is displayed at the 
bottom of the screen. If the data file name has the default extension 
•.sxz• type the file name without the extension, otherwise type the 
complete file name. The computer will prompt •aead data from 
FILENAME.SIZ. Type 'Y' to confirm or 'N' to change.•, where PILENAME 
is the file name just specified. Type •y• or •N•. If you type •N• 
the computer will ask for the file name again. If you type •y• the 
data file will be read and the data displayed on the screen. If the 
size data was checked after being transferred from the GageTalker push 
•F1• to continue, otherwise use the editing keys described below to 
view or edit data. number of Masurements per board and tbe 
number of boards Masured aust be in agreeent with tbe original 
apecification (displayed on the upper half of tbe screen), otherwise 
abnormal screen displays aay result when using tbe editing keys. 

If you do not have a GageTalker the daily size .. asurements will have 
to be input through the keyboard. Unless you are proficient in using 
the numerical keypad for entering numbers, use the number keys on top 
of the regular keyboard to enter the .. asurements so that you can also 
use the editing functions of the numerical keypad. (All editing keys 
will be described later.) You .. y label each board by typing a letter 
of the alphabet before you start entering lumber aeasur ... nts, using a 

. apace to separate individual .. asurements. !'be lumber •asureaents 
·for each board aust be typed on one line. After you finish typing the 
aeasurements for one board press tbe •aeturn• key. !he computer then 
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checks your input, reposisitions the data you have just entered, and 
.eves the cursor to the next line. If you have .ade a mistake the 
computer will print a warning or error message. If you use the 
numerical keypad for entering numbers you can also use the ••• key 
instead of the space bar to separate measurements. 

Continue to input data until all measurements have been entered for 
all boards. tell the computer that you have finished data input, 
press the •F1• key. 

You may want to review the data and correct any errors. help you 
accomplish this the program has built in editing keys which are 
described below. Remember, for the editing keys of the numerical 
keypad to work the keypad must be in edit mode. 

•Pgup• 
•Pgow• 
Up Arrow 
Down Arrow 
Left Arrow 
Right Arrow 
•some• 
•End• 
·Del. 
Backspace 

- moves the data down seven boards 
- moves the data up aeven boards 
- moves the data down one board 
- moves the data up one board 
- moves the cursor left one space 
- moves the cursor right one space 
- moves the cursor to the first column 
- moves the cursor to the last column 
- deletes the character located at the cursor 
- deletes the character located to the left 

of the cursor 
- ends the entering of the board measurements 
- allows you to atop entering the board 

measurements at any time 

If you decide to add board symbols, after you have finished typing the 
lumber measurements or transferring the measurements from a file, 
position the cursor to the board to which you want to add the symbol, 
press the letter of your choice and follow with the •Return• key. The 
symbol will appear to the right of the board number. remove the 
symbol from the board, position the cursor to the board, press any 
alphabetic key, and follow with the •Return• key. 

Entering Lumber Statistics 

Choose this option only when you already know the statistics (average 
lumber size and sawing variations of the sample). The program prompts 
you for each statistic. If, after entering any of them, you find that 
you have .ade a mistake you can reenter the statistics by pressing the 
•sac• key and answering •y• to the next question displayed on the 
acreen. Press the spacebar to continue when there are no 

!Zror and Warning Messages 

While entering the daily information you .. Y encounter the following 
•••ages: 

ERROR : !'be date entered ia invalid. 

39 



error is printed when you enter an unrealistic date. You 
will have to reenter the date when you get this message. 

ERROR : Ho entry can be .ade for lhe date. 

error message is printed when you enter a date which precedes the 
latest date by more than 92 days. You must enter a new date that does 
not precede the latest date by more than 92 days. 

WARNING : There already exists an entry for 
the date and the shift entered. 

message appears when the date and the shift you entered for a 
sample has been used for a previous sample. If you have .ade a 
mistake in entering the date or the shift you may reenter them. If 
you are sure you want the daily sample entered for that particular 
time you may continue and the new sample data will replace the sample 
data previously entered. 

WARNING : The date entered comes nn days after 
the date of the latest entry. 

Note that nn is an integer indicating number of days. 

This message appears when the date entered for a sample comes more 
than three days after the date of the latest entry. The purpose is to 
prevent you from accidentally entering a date more than three days 
after the latest entry and causing the program to push a large number 
of old entries from data file to .ake room for the new one. If 
you did not .ake a mistake you can continue on or reenter the date. 

WARNING : The date entered comes nn days before 
the date of the latest entry. 

appears when the date entered for a sample precedes the 
date of the latest entry for a machine. The reason for this .. ssage 
is that the program expects you to enter the samples in chronological 
order. However, if you do not want to enter the samples in order 
ignore the message, or reenter the date. 

ERROR : All measurements must be less 
than 1000.00. 

Lumber aeasurements cannot exceed 999.99, if they do you will get the 
above .. ssage. 

BRROR : n aeasurements are required for 
each board. 

8ote that q is an integer value. 
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!his .essage is printed if you press the •Return• key before you 
finish typing in the required measurements for a board. 

or 

ERROR : No .. asurement has been entered 
for board number 111. 

ERROR : Ho .easurements have been entered 
for board number 111. 

Hote that 111 is an integer value. 

!bese messages are printed if you press the •p1• key before you have 
entered the required number of measurements. 

WARNING : Measurement(&) n show a large 
variation from the target size. 

This message appears when you enter a lumber measurements that differs 
from the expected size by a large amount. Check that you have entered 
the measurement correctly. 

WARNING : The statistic entered shows a large 
variation from the expected value. 

This message is printed when you are entering the daily statistics 
directly into the program and the statistic you have entered differs 
from the expected value by a large amount. Check that you bave 
entered it correctly pnd if so continue. If you made a mistake you 
can reenter the statistic. 

Display Daily Histograms 

This is the third option of the MAIN MENU which allows you to display 
the histograms for the last sample entered for each machine. After 
you choose this option the program will ask you for which aachine you 
want the histogram, if there is more than one aachine. It also asks 
you which number format you want and if you want a bard copy. If you 
want a hard copy be sure to have the printer ready. 

After answering the necessary questions the program proceeds to 
display the histogram. If at any time you wish to exit, push the 
•sac• key. The program will confirm that you wish to exit. If you 
are just displaying the histogram on the screen you will bave to push 
the apacebar to advance to the next pages. 

After the histogram is displayed the program asks you if you want 
another histogram. If you answer yes, by typing •y•, the program will 
90 through this entire procedure again, otherwise you will return to 
the MAIN MENU • 

. 
Diaplay Control Charta 

!bia fourth option of the MAIN MENU allows you to print a control 
chart. After you cbooae this option the program prints the aacbine 
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list and asks you for which machine you want to print the control 
chart, if more than one sachine is being monitored. 

After choosing a machine the program will print the name, aample aize, 
and days being monitored for the given machine at the of 
acreen. Below that, the program will print the CHART MENU. 

**** CHART MENU **** 

1) Average lumber size 
2) Total sawing variation 
3) Between-board sawing variation 
4) Within-board sawing variation 
5) Enter a new machine number 
6) Return to main menu 
7) Stop the program 

first four options display the control chart for the particular 
corresponding statistic. Before printing a chart the program asks you 
if you want a hard copy, what shifts you want plotted, and what graph 
style you want. If you are printing a chart of the average lumber 
sizes the program also asks you what number format you want. 

are two graph styles offered by the program. first atyle, 
•points•, is where points are plotted on the chart. With the aecond 
style, •lines•, lines are drawn vertically from each point to the 
middle line on the chart. style of the graph is a matter of 
preference. Try both styles to see which you like best. 

If you choose to plot all the shifts using the graph atyle •points• 
the program makes the points for each shift distinguishable. 
will be a little aark at the top of each point for the first ahift, a 
mark at bottom for the second shift, and a mark at the top and 
bottom for the third shift. You will be able to aee these aarks 
clearly on a hard copy of the chart. 

If you choose not to print a hard copy press any key to continue after 
you finish viewing the control chart. 

!be option •Enter a new machine name• allows you to view the control 
charts of other machines. When you select this option the program 
prints the machine list and prompts you for the new machine. 

Daily Statistics 

!bia option prints the baseline information (average or target size 
and aawing variations) and a listing of all the daily atatiatics for a 
9iven .. Before printing this listing, the prograa aaka you for 
the .. chine name, and whether you want a bard copy. Be aure bave 

·the printer Eeady if you want a hard copy. 
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After you have answered these questions the program will print the 
listing. If you wish to exit at any time you may press the •Esc• 
key. As usual the program will confirm that you wish to exit. If you 
are just displaying on the screen you must press the apacebar to 
advance to the next pages. 

After the listing is complete the program asks if you want another 
listing. If you answer yes the program will go through this entire 
procedure again, otherwise the program will return to the MAIN MENU. 

Bead Data from GageTalker 

option simply returns to the GAGE MENU. 
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PART 11 

GENERAL CONCEPTS OF A UJMBER SIZE CONTROL PROGRAM 



%RTRODOCTION "1'0 LUMBER SIZE CONTROL 

very important things that a lumber producer aust watch are 
the average of, and the variation within, each nominal lumber size 
produced. '!'he average and the variation aust satisfy the grading 

Otherwise customer claims aay arise and the aill would lose 
financially. 

In the past aills tended to set higher targets for their product sizes 
in order to avoid customer claims. Unfortunately, •over sizing• 

in lower lumber recovery. 

Wben lumber prices were high in relation to log costs, oversizing vas 
not detrimental to mill profit. Nowadays, lumber prices are low in 
relation to log costs, and oversizing is no longer economically 
acceptable. A mill wanting to survive under current market conditions 
must minimize target sizes to achieve maximum lumber recovery. 

lfo minimize target size, one must understand its four components: 
marketed size, planing allowance, shrinkage allowance, and sawing 
variation allowance. 'l'he marketed size is by grading rules 
and can not be altered, while the other three components can be 
minimized by the lumber producer. '!'he latter three components must be 
statistically minimized to achieve the minimum target size without 
producing unwanted •undersized• lumber. 

Among the three components (planing, shrinkage, and sawing variation), 
sawing variation is Jhe most important and it affects the shrinkage 
and planing allowances. For example, if lumber thickness varies a lot 
within a board, planing would need to be increased to obtain a 
satisfactory finished surface. Large thickness variation between 
boards will cause vide variation in final .aiature content and 
consequently vide variation in shrinkage. 

A lumber size control program usually begins with an intensive lumber 
size study, which involves aeasuring lumber sizes of aany lumber 
pieces produced by a given machine and then analyzing the saving 
variation statistically using a lumber size control computer program. 
Such an intensive lumber size study is called the baseline study. 

'!'he sawing performance of a machine varies with time. Simply setting 
the correct target sizes at each machine cannot always assure that all 
sizes will satisfy grading rules. Efforts auat be towards 
monitoring the sizes at least on a basis. As it is t.poasible 
to check the sizes of the total mill production (unless sizes are 
.. asured automatically in-line), statistical .. ana .ust be employed to 
assist in monitoring the sawing performance of .. cbinea. 

!bus, statistics play an t.portant role in belping savaills ainimize 
target size and assure product quality. Bistogr ... and quality 
control charta can be used to belp aonitor the saving perfor .. nce and 

an out-of-control sawing process. !be of the control 
charta allow one to see whether a sawing process is deteriorating and 
thus belp .. intain the equipment. 
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So far, we have introduced the elements of a lumber aize control 
program: target aize, aawing variation, baseline atudy, and daily 
.anitoring. In aummary, we define a lumber aize control program as a 
aystematic procedure designed to: 

1. Evaluate and track the aawing performance of aawmill .. chine 
centers: 

2. determine minimum target aizes for aaximum lUIIber recovery 
(or sore precisely maximum mill profit)J 

3. ensure that daily lumber production is •on size•, andJ 
4. assist in trouble-shooting and implementing an effective 

maintenance program. 

'fARGET SIZE AND l'fS OPTIMUM 

What is a target size? It is an average rough green lumber size for 
which a machine is set. Every sawing machine in the aawmill has a 
target size for each nominal lumber size. A aachine ahould be aet to 
aaw without causing undesirable undersizing in the marketed lumber 
aize. The optimum target size is the minimum average rough green aize 
for which a machine is set. 

CALCtJI..ATION OF OPTIMUM 'fARGET SIZE ., 
Various equations have been used to calculate optimum target aizes. 
From Porintek's experience, the following equation is easy to apply 
and the most reliable: 

Where: 

• Xf + Pa 
1 - M8 

Xt • rough green target size, 
x•f • dry finished size, 
P • planing allowance (fixed head only), a 
F • undersize allowance factor, 
St • total aawing variation, and 
Ma • ..xt.um ahrinkage. 

(1] 

!he equation ahows that the target aize depends on dry finiahed aize 
(or .. rketed lumber aize), fixed bead planing allowance, total aawing 
variation, .axtmum ahrinkage, and underaize allowance factor. 

lfhe total aaving variation ia calculated from all the a be 
.easurementa aade in the baaeline atudy. Roughly apeaking, one total 
aawing variation la equal to one aixth of the range of all the aize 
.. aaurementa, provided there are at least 300 .eaaurementa. !be total 
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aawing variation is the combined variation of between-board and 
within-board aawing variations. Mathematical definitions of these 
aawing variations can be found in the section on •statistical 
Definitions of Sawing Variations• (p. 50). 

Maximum shrinkage refers to the size reduction from green to the 
ainimum moisture content after drying in the direction of 
wood and is expressed as a percentage of the original green aize. The 
ainimum moisture content refers to the minimum average moisture 
content of a board from a typical drying load. The face of a piece of 
a flat grain lumber is the tangential plane. The ahrinkage in the 
width of a flat grain board is mainly tangential. Shrinkage in the 
thickness of an edge grain board is also mainly tangential. 

The maximum tangential shrinkages from green to ovendry condition for 
various softwood species are shown in Table 1. The shrinkage factor 
in the target size equation can be estimated using the following 
equation: 

Where: 

30 - Mm 
30 

X Ts (2] 

M • s maximum shrinkage from green to the minimum moisture 
content (Mm)' 

M c minimum moisture content (percent), and m 
T

8 
c maxi,um tangential shrinkage from green to ovendry 

condition. 

The undersize allowance factor defines the number of undersize 
measurements. The magnitude of this factor varies according to the 
grade requirements. The undersize allowance factors for 10, 5 and 0 
percent undersize are 1.282, 1.645 and 3.0, respectively. 

The following examples illustrate use of the target size equation. 

Example 1 

gang edger of a lodgepole pine dimension aaw.mill has a total 
aawing variation of 0.025 inches. The lumber was aold after drying. 

dry finished size was 1.5 inches. The bottom planing depth is 
0.060 inches. The miniiiWD mobture content after drying is eight 
percent. percent of the pieces are allowed aome akips. Use 
Bquation Ill to calculate rough green target aize. 
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Pirst, identify the values for the variables in Equation [1): 

x• • f 1.5 inches 

Pa • 0.06 inches 
M • unknown 

S 
p • 1.282 (for 10 percent undersize) 
St • 0.025 inches. 

Since Ms is unknown, calculate it first using Equation (2). Prom 
Table 1 we find Ts • 6.8 percent for lodgepole pine. Thus using 
Equation [2] 

Ms • 30 - 8 X 6.8% 
30 

• 5.0i 

• o.os 
Now use Equation (1] to calculate rough green target aize: 

Example 2 

Xt • 1.5 + 0.06 + 1.282 X 0.025 
1 - 0.05 

• + 0.032 
0.95 

• 1.642 + 0.032 
• 1.674 inches. 

John Dole has a sawmill which produces Japanese squares. buyers 
demand that the minimum dimension of the aquare is 98 mm. The aquares 
require no drying or planing. The logs are first aawn into cants at 
the quad, and later cut into aquares at the gang edger. In a recent 
lumber aize study the total aawing variation of the quad vas found to 
be 1.5 mm. The average size vas found to be 105 mm, as .easured using 
the full bites of the digital .calipers. Is the aawmill •oversizing• 
or • undersizing• at the quad? 

!'o answer this question, first calculate the target aize using 
Equation [1]. Since the squares require no drying or plAning, 
Equation Ill is aimplified to: 

(3] 

Where: ainimum acceptable rough green aize (98 _,, and 
other variables are as previously defined. 
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!'o apply Equation [3), note that Xf • 98 an and F • 3 for zero 
percent undersize, since the customers accept nothing less than 98 an. 

lfhus: xt • xf + rst 
• 98 + 3 X 1.5 
• 102.5 mm 

Since Xt is less than the average lumber size of 105 11111, it is 
concluded that the mill is oversizing by 2.5 mm. It should, however, 
be recognized that when sizes are .easured using the full bites of 
calipers the average lumber size will usually be slightly larger than 
the desired target size due to surface roughness. 

More advanced target size calculation equations have recently been 
developed by Wang (1984). These equations are especially suitable 
when lumber sizes are measured using laser scanners. 

METHODS FOR REDUCING SIZE 

target size calculation equation shows that reducing undersize 
allowance factor, shrinkage, fixed head planing allowance, sawing 
variation can all affect target size. Except for the undersize 
allowance factor, which depends on customers' requirements, the other 
three factors can be minimized by improving mill operating efficiency. 

REDUCING SHRINKAGE 

minimize shrinkage, the drying process (air or kiln drying) must be 
carefully controlled and monitored .to assure uniform final moisture 
content of the dried lumber and to avoid unnecessary overdrying. 
Overdrying incurs higher drying costs, induces excessive shrinkage, 
and leads to higher drying defects. Dry kilns must be well maintained 
and the lumber properly stacked. 

REDUCING PIXED BEAD PLANER ALLOWANCE 

allowance is determined by_ the roughness of the board surface and 
the final surface quality desired. rougher the surface, the 
larger the planing depth required. higher grades of lumber 
require well-planed surfaces and thus larger planing depth. 

'l'be surface roughness depends on the aawing system, especially the 
•aws. To achieve a smooth surface the saws must be well designed, 
properly tensioned, awaged and aide ground, and run at the correct 
feed speed for a given depth of cut. Double arbor circular ••vs must 

·be aligned properly to avoid offset. Application of carbide or 
8tellite tipping bas been found to produce a smoother •urface. 
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Reducing the planing allowance begins with an evaluation of the 
current planing depth. easiest way is probably by atanding behind 
the planer, examining the bottom face of each piece, and counting the 
number of pieces that may be considered below grade, e.g., akip and 
aiss. If the percent of the below-grade pieces is lower in relation 
to what is allowed in the grading rules, the mill can then reduce the 
planing depth for minimizing target aize. 

Setting a given planing depth has been a trial and error process. 
Usually, a few pieces of lumber are run through the planer with a 
preliminary depth. The surfaces of these pieces are examined to 
determine whether adjustment of the planing depth is required. This 
process can sometimes be time-consuming and may not give the optimum 
planing depth. A statistical method for determining the planing depth 
for a given surface quality was developed by Wang (1984). 

The planing depth is usually adjusted by turning a dial that controls 
the elevation of the planer head. The dial setting cannot tell what 
the exact planing depth is. Therefore, to determine the actual 
planing depth, one may run a piece of lumber with a larger than normal 
aiie through the planer half way, raise the top head, back out the 
piece and measure the actual depths removed by the top and bottom 
planer heads. 

REDUCING SANING VARIATION 

A large sawing variation not only necessitates a larger target size 
but also causes problems downstream. Por instance, drying 
rate is heavily affected by lumber thickness. 

Sawing variation is caused by the entire sawing aystem, including the 
infeed to the machine. A well-maintained sawing system is a must for 
achieving small sawing variation. Old or out-dated machines can 
contribute to large sawing variations. 

EFPEC'l' OP TARGET SIZE REDUCTION ON UMBER RECOVERY 

A question often asked by aawmillers is how much lumber recovery will 
be increased by reducing target size or kerf. !'here are two 
approaches to answering this question: one by aimulation and the 
other by analytical aethods. 

When the aimulation method is used, the aill before and after the 
target aize change must be carefully in order to obtain the 
correct answer. 

Analytical equations were mathematically developed by Wang (1983) to 
.estimate the increase in lumber recovery due to reduced target aizes 
and uw kerf. In his theoretical development, Wang found that to 
capture the full benefit of reduced target aizea and aaw terfa, the 
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range within which a given sawing pattern is used must be 
shifted downward after the size or kerf reduction. 

Other estimation methods include those by White (1978) and Allen 
(1981). latter method was based on simulation results. 

STATISTICAL DEFINITIONS OF SAWING VARIATIONS 

So far we have used the term sawing variation loosely, aeaning 
variation in lumber size. However, when it is prefixed with 
within-board, between-board, or total, it becomes a statistically 
defined term. These prefixed terms have been widely used in the 
industry. In some cases, they have been used to describe the 
performance requirements for new equipment installations. 

!be within-board sawing variation (Swl is also known as within-board 
standard deviation or within-board sawing deviation. The 
between-board sawing variation (Sb) is also called between-board 
standard deviation or between-board sawing deviation. The total 
sawing variation (St> is also known as combined sawing deviation or 
process standard deviation. 

To facilitate understanding of the sawing variations, the concept of 
standard deviation is introduced first. 

I I 

STANDARD DEVIATION 

A standard deviation is a measure of the variation of a random 
variable. A random variable is something that can vary and cannot be 
predicted with certainty. Por example, if one picks 10 people from 
the world population, chances are that the heights of the 10 people 
will all be different. It is impossible to predict the heights of 
these 10 people beforehand. the height of a human being is a 
random variable. 

Similarly, when one measures the thickness (or width) of a board at 
locations, one is likely to 9et different values, because 

thickness (or width) of a board is also a random variable. 

For convenience, thickness is used to illustrate the equations that 
define the sawing variations (Sw, sb, St>• As you would expect, 
these equations can also be applied to the width of lumber •. 

!be standard of the thickness of a board can be defined as: 

s. (X1 - X)2 + (X2 - X)2 + ••• + (Xn- i>2 
n- 1 

so 

(4) 



or 

Where: 

s. 

S • standard deviation, 

cx1 + x2 + ••• + Xn> 2 
n(n-1) 

n • number of measurements (greater than or equal to 1), 

X • average of all the thickness measurements, and 
X1, X2, XJ, •••• Xn are then thickness aeasurements. 

(5] 

As Equation [4] indicates, standard deviation is a .aasure of the 
spread of the measurements around the average. 'l'he larger the 
standard deviation, the wider the spread of size measurements. 
Conversely, the smaller the standard deviation, the aore precise the 
sawing accuracy. Thus, standard deviation is a measure of precision. 

'!'he square of standard deviation is called variance (62). Prom 
Equations [4] and [S) we see variance is called by: 

s2 • 

or 

WITHIN-BOARD SAWING VARIATION (6w) 

... + 
n - 1 

(Xl + x2 + ••• + Xnl2 
n(n - 1) 

[6] 

(7] 

'l'his term describes the size variation within each piece of lumber of 
a given nominal size produced by the same saw or saws. 
Mathematically, it is defined by the following equation: 

Where: S • within-board sawing variation, w 
a • number of boards aeasured, and 

s12,s22, s33, ••• , 5m2 are the variance& of 

Board 1, Board 2, Board 3, •••• , and Board •· 

[8) 

variance of each board csl2, s 2i s32, ••• ,6m2) is defined by 
Bquation (6) or (7). As Equation (8] shows, Sw is the aquare root 
of the average of the varlances of individual boards. In other words, 
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.. 

the within-board size variation is assumed to be the same for all 
boards. 

BETWEEN-BOARD SAWING VARIATION (Sb) 

Between-board sawing variation is a •easure of the saving precision 
between boards. Statistically, it is defined by the following 
equations: 

and 

or 

s-2 • X 

S-2 X • 

Where: 

s 2 _!... 
n 

cx1 - x>2 + cx2 - x>2 + <i3 - x>2 + ••• + <Xm- x>2 
Ill - 1 

il2 + i22 + i32 + ••• + im2 
Ill - 1 111(111 - 1) 

Sb • the between-board sawing variation, 

... + im>2 

xl, x2, x3, 1 l •• , XIII are the average thicknesses of 
Board 1, Board 2, Board 3, ••• , and Board m, 

m • the nWIIber of boards measured, 

[9] 

[10] 

[11] 

-X • the average thickness of the •easurements of all 
boards, and 

Sv • the within-board sawing variation. 

As Equations [7] and (8] show, the between-board sawing variation 
depends on the deviation of each board average thickness from the 
overall average thickness and the within-board sawing variation. 

'!OTAL SAWING VARIATION (St) 

total saving variation is calculated using the equation: 

.Jsb2 + s,2 [12] 

where all symbols bave been defined previously. 

· following example illustrates bow the sawing variations are 
calculated. 
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Example 3 

Pour .easurements each were taken on four boards. 
are listed in Table 2. Use these .easurements to calculate Sw, sb 
anc5 St. 

calculate Sw we must know the variance for each board by using 
Bquation [6] or [7]. To apply Equation (6] we aust know the average 
lumber size of each board. The average lumber aize of Board 1 (X1) 
ia calculated as follows: 

x1 • 1.721 + 1.748 + 1.750 + 1.737 • 1.739 in. 
4 

Similarly, we can find 

x • 1.730 2 x3 • 1.759 
x4 • 1.750 

To calculate the variance of Board 1 (sl2), we uae Equation (6]: 

512. (1.721-1.739>2+ (1.748-1.739)2 + (1.750-1.739)2 + (1.737-1.739)2 
4 - 1 

• (-0.018)2 + 0.0092 + 0.0112 + (-0.002)2 
3 

- 0.000324 + 0.00008 + 0.000121 + 0.000004 
3 

- 0.000530 
3 

• 0.000177 

Similarly, we can find 

0.000250 

0.000265 

0.000385 

.ow, we can use Equation [8) to calculate Sw: 
0.000177 + 0.000250 + 0.000265 + 0.000385 

4 

• 

llote: Sw 2 • 0.000269 

• 0.016 
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'l'able 2 

Thickness Measurements Used in Example 3 

Board Measurement Number 
Number 1 2 3 .. 

1 1.721 1.748 1.750 1.737 

2 1.713 1. 722 1.749 1.736 
. I 

3 1.740 1.765 1.778 1.753 

4 1.767 1. 742 1.726 1.765 
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'1'o calculate sb, we need to calculate Sx 2 first by using 
Bquation [10] or [11). Let us use Equation [11]: 

Si • 1.7392+ 1.7302+ 1.7592+ 1.75o2 _ (1.739 + 1.730 + 1.759 + 1.75o>2 
3 4 (4 - 1) 

• 12.173602 - 48.692484 
12 

• 4.057867 - 4.057707 • 0.00016 

Since S 2 is already obtained when we calculate Sw• we can now w 
calculate Sb by using Equation [9]: 

sb • o. ooo16o -

• 

0.000269 
4 

• 0.010 

Note: sb 2 • 0.000093 

To calculate St, we use Equation [12]: 

st -,/o.oooo93 + o.ooo269 

• 0.019 

If you have gone through the above calculations by a hand calculator, 
you would have found out the calculations are quite tedious and time 
consuming. Fortunately, you do not have to worry about the 
calculations, since they are done in LUSI for you. 

'1'BE BASELINE S'l'ODY 

baseline study is an intensive lumber aize atudy and is usually 
the initial phase of a lumber size control program. "!'he primary 
purpose of a baseline study is to determine current aawing variations 
at a machine center. "l'hese aawing variations can then be uaed to 
determine whether the target aize is too large or too amall. If the 
target aize is too large, ateps ahould be taken to evaluate 
opportunities to reduce it. Conversely, if the target aize ia too 
small, opportunities to increase the target aize ahould be cOnaidered. 

Most milla, eapecially in the B.C. Interior, have reduced their target 
aizes after conducting the baseline atudy and have increaaed lumber 

. recoveries. Mills that conduct the lumber aize control program 
regularly have their target aize reduced at the gang edger to a 

of 1.62 inchea, aa opposed to 1.75 inchea at aills where the 
lumber aize control program haa not been t.plemented. !he difference 
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in lumber recovery at the gang edger from these two target sizes is 
about eight percent for a amall log aill with an average top diameter 
of eight inches. 

One aill on the B.C. Coast has increased its target size after 
conducting the baseline study. aill primarily produced timber. 
With its previous (small) target size, 11uch off-size timber vas 
produced and remanufactured, which led to low lumber recovery and 
productivity. With the larger target size, the amount of off-size 
timber, and time-wasting remanufactur ing vere both drastically 
reduced. Thus, both lumber recovery and productivity were increased. 

data collected in the baseline study can also be used for bevel 
and shape analyses. Figures 5 and 6 depict the bevel and longitudinal 
shapes analyzed by LUSI Baseline Program. LUSI calculates bevel for a 
standard 8.0-inch (203.2 mm) width. The shape analysis results can be 
used as an aid to trouble-shooting and 11aintenance. 'l'he sawing 
variations calculated from the baseline study can also be used to 
establish control limits for daily size IIOnitoring. 

Before conducting a baseline study, the 111111 should 11aintain the 
11achine center properly. The study should be conducted over a period 
covering several saw changes. Any time a uchine center is 
significantly modified (e.g., new carriage, thinner kerf saw, new 
infeed, system, etc.) a baseline study should be conducted. 

For the benefit of LUSI users, the procedure for conducting a baseline 
study for analysis bf LUSI is described below. 

OBTAIN NECESSARY !'OOLS 

One frequent complaint about carrying out a lumber she control 
program is the tedious work of recording size •asurements and 
inputing them (by typing) into a computer for analysis. Such tedious 
work can now be eliminated by using LOSI in conjunction with Mitutoyo 
digital calipers and Observational Systems Inc.'s 1X8 or 4X8 
GageTalkers. If the lXB GageTalker is used an LCD keypad (also by 
Observational Systems Inc.) is required. 

Full application of LOSI requires a pair of Mitutoyo's calipers and a 
lXB or 4XB GageTalker (plus the LCD keypad if the lX8 is used). A 
pair of backup batteries for the calipers and a set of small Phillips 
screw drivers for replacing batteries in the calipers and setting 
proper switches inside GageTalker are also necessary. 

Since it is unusual for digital calipers to work properly· below 
freezing, a pair of dial calipers should also be purchased if the aill 
temperature goes below freezing in winter. 

If you do not have a GageTalker, dial or digital calipers are 
· required. digital calipers are recommended for better accuracy 

and reduced chance of reading errors. Prepare data foras and use pen 
or pencil to record the sizes on the data fora. data form should 
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Thickness 

Figure 5. Cross-sectional Shape or Bevel. 

Source: Piercyl c.w. 1 and CAmpbell 1 L.K. 1983 
Lumber Size Program Users Manual 1 

Forintek canada Corp. 

I"' STANDARD 
Width 
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Figure 6. Longitudinal Lumber Shapes 

Source: Piercy, C.W. and Ca.lmpbell, L.K. 1983 
Lumber Size Program Users Manual, 
Forintek Canada Corp. 
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be used to record the sizes for each board. An example of the data 
form is included in Appendix I. 

CHOOSE A MACHINE CENTER POR THE S'l'ODY 

!he baseline study should begin with the machine that accounts for a 
.ajor portion of mill production, usually the gang edger in a typical 
North American mill. The next choice would be the primary breakdown 
aachine and the resaw that is used frequently in a 
fashion. The board edger usually offers less lumber recovery increase 
when its target size is reduced, although a properly chosen target 
aize can reduce drying and planing costs. 

From another point of view, the machine that performs most poorly may 
require immediate attention, since large aawing variation can cause 
downstream drying and planing problems. 

Ideally, for more efficient drying and planing operations, the target 
aize for a given nominal size should be the aame at all machine 
centers. Unfortunately, since the aawing variation of each machine 
varies, different target sizes are required at different uchine 
centers. The line-bar piece from a horizontal arbor gang edger, or 
the bottom piece from a vertical arbor gang edger, may also require a 
different target size from that for the rest of the pieces. 

DETERMINE '1'BE DIMENSION 'fO BE MEASURED 
• I 

For a gang edger the thickness is the obvious choice, aince ita target 
aize has a dramatic impact on lumber recovery. At the primary 
breakdown machine the cant size may be the choice because reduction in 
cant size can increase recovery from side lumber. Measuring the width 
of a cant is, however, difficult, and therefore the lumber width may 
be seasured after the gang edger instead. In a live-sawing mill, the 
thickness at the primary breakdown machine is the obvious choice. If 
the headrig produces more than one piece of side lumber from one aide, 
the thickness of the side lumber would also be important to lumber 
recovery. 

CHOOSE !'BE HUMBER OF BOARDS AND tumER OF IIBASURBMER'l'S PER BOARD 

'l'be number of boards to be ae'asured depends on the present aawing 
variation: the larger the sawing variation, the .ore boards are 

We recommend a preliminary atudy of 50 pieces. !be data of 
these 50 pieces ahould be analyzed using LUSI firat. calculated 
aawing variations can then be compared to those listed in 3 to 
determine if .ore boards are required. If .ore boards are 
additional data ahould be collected and added to the preltalnary data 
for analysis. 

fully utilize the analysis capability of LOSI, 6 .. aaurements per 
board plus the opposing dimension (the dimension perpendicular to the 
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Table 3 

Rumber of Boards to be Measured Such 'lhat the calculated Sb and Sw are 
Accurate to 0.005 inch with 95 Percent Certainty 

0 • ••• • 

sb 

Sw ft 0.01 0.02 0.03 0.04 0.05 0.06 0.07 o.oe 0.09 0.10 

0.01 4 20 40 80 140 250 300 400 550 700 850 
6 20 40 80 140 250 300 400 550 700 850 

0.02 4 40 60 lOO 160 250 350 450 550 700 850 
6 40 60 lOO 160 250 300 450 550 700 850 

0.03 4 lOO lOO 120 180 250 350 450 550 700 850 
6 • 60 80 lOO 160 250 350 450 550 700 850 

0.04 4 250 140 160 250 300 400 500 600 750 900 
6 120 lOO 140 180 250 350 450 600 700 850 

0.05 4 550 250 250 300 350 450 550 650 ·.-8oo 950 
( 6 250 150 160 250 300 400 500 600 750 900 

0.06 4 1000 400 350 350 400 500 600 700 850 1000 
6 500 250 250 250 350 400 500 650 750 950 

0.07 4 1000 650 450 450 500 550 650 750 900 1000 
6 800 350 300 300 400 450 550 700 800 950 

o.o8 4 1000 1000 650 600 600 . 650 750 850 950 1000 
6 1000 500 400 400 450 500 600 750 850 1000 

0.09 4 1000 1000 900 750 700 750 850 950 1000 1000 
6 1000 700 500 500 500 600 700 800 900 1000 

0.10 4 1000 1000 1000 950 900 900 950 1000 1000 1000 
6 1000 1000 650 600 600 650 750 850 950 1000 

Sv • within-board ••wing variation 

Sb • between-board ••wing variation 

n • nUIIber of •aaurements per board 

Source: Brown, 'l.D. 1982. Quality Control in Lumber Manufacturing. Miller Freeman 
Publications Inc., San Pranciaco, Celifornia, USA. 267p. 



dimension to be ahould be taken as long as the opposing 
dimension is more than 3.5 inches, three on each edge. Por example, 
if thickness is to be and the opposing dimension (width) is 
.ore than 3.5 inches, aix thickness measurements plus one width 
.. asurement ahould be taken. LOSI performs the ahape analysis only 
when 6 measurements and the opposing dimension are taken. If shape 
analysis is not desired, the number of .. asurements per board can be 
2, 3, or 4, and the opposing dimension need not be 

After choosing the number of measurements for a given dimension 
(thickness or width}, sake the same number of for all 
aample boards. 

SELECT SAMPLES AND MAKE THE MEASUREMENTS 

Stand at a safe place downstream of a sachine center to randomly pull 
pieces of the same nominal size (either thickness or width) out of the 
production line and put them in a safe place for aaking the 
measurements. Two saw horses can be used to make the task a little 
easier. 

The locations to be measured are shown in Figure 7. The first 
measurement should always be taken at the leading end. Do not take 
measurements within one foot of either end, aince the aawing variation 
at the one foot interval may be largely caused by operator errors and 
hence may not be a true measure of the machine's aawing performance. 
The machine operator .Fust be properly trained and motivated to avoid 
operating errors. 

If a GageTalker is used to save the size data it must be properly 
connected to the digital calipers in order to make the measurements 
(see the section on •setting tJp the GageTalker for Saving Size 
Measurements in Part I of this publication on page 7. 

Avoid measuring over knots or excessive wane. Make aure that at least 
50 percent of the caliper jaws are biting the aawn aurface 
(Figure 8). Try to apply equal pressure when pushing the jaws of the 
calipers. 

If a GageTalker is not used, record each size .easurement to the 
nearest 0.001 inch (0.01 mm, if .easurements are in mm) on the data 
form. If aix measurement& are taken on each board alao record the 
opposing dimension. 

If no calipers are large enough to make the dimension aeasurement, a 
tape .easure may be used to Masure the dimension to the ftearest 
thirty-second of an inch. Record the aeasurements in number of whole 
inches and number of thirty-aeconds of an inch and aeparate the two 
numbers with the •. • if the data form in Appendix I la used. Por 
example, if the aize .. asurement is 11 31/32, record on tbe data form 

·as 11.31. 
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THICKNESS: 

WIDTH: 

WIDTH: 

httom 

Wtlen th.il:kness1ruter ttlan '" 

lottom 

Wtlen thickness&" 1nd Ita 

lottotn 

Dirtetlon of flow 

Figure 7. Correct Measurement Locations 

Sour_ee: Pierey, c.w. and Cempbell, L.K. 1983 
Lumber Size Program Users Manual 
Forintek CAnada Corp. 



'-AT LEAST Sn. OF JAW BITING SAWN SURFACE 

• 

Figure 8. Technique for Measuring Wany Lumber 

Source: Piercy, c.w., and Campbell, L.K. 1983 
Lumber Size Program Users Manual 
Forintek Canada Corp. 



Samples should be collected over a period of several aaw changes to 
assure the accuracy of the sawing variations calculated. 

COLLECT GENERAL INPORMATION 

!he information required includes mill name, conversion center, atudy 
date, wood species, final moisture condition, marketed lumber aize, 
ainimum moisture content, and maximum tangential ahrinkage. Por 
explanation of these items, see Part I of this publication. 

TBE DAILY SIZE MONITORING PROCESS 

!his process is to assure that the sizes being produced are within 
statistical limits to avoid costly rejects due to undersize or lumber 
recovery loss due to oversize. As the target size approaches the 
theoretical minimum, the monitoring process becomes more and more 
important because a alight deterioration in sawing variation will 
produce undersized products. · 

'the process is usually initiated after the baseline study is 
complete. It has three steps: 1) sample boards and aake size 
measurements, 2) calculate and display sample statistics using control 
charts, and 3) interpret control charts. 

!he daily monitoring . process applies the statistical quality control 
charts to help monitor sawing performance. !be effectiveness of the 
statistical monitoring process depends on how frequently the boards 
are sampled and measured. The more frequently the boards are sampled, 
the more effective the monitoring process. As a mintmum, the boards 
ahould be aampled at least once per shift. Por statistical validity, 
the boards ahould be aampled over an entire shift for each aachine 
center, instead of being sampled within a short period (for example, 
10 minutes) 

!be process of daily size monitoring using LUSI is described below. 

SAMPLE BOARDS AND MAKE SIZE MEASUREMENTS 

A aample of several boards (fixed number of boards) is randomly 
aelected from the normal production of the monitored aachine center. 
Bach board is .. aaured at aeveral places (uaually 2, 3, 4 or 6). 
aampling and measuring process is repeated at least once ahift. 

!here ahould be at least 24 seasurements taken in each abift. !he 
number of boards ahould be determined by the between-board aawing 
variation. !he larger the between-board saving variation, the more 

· boards required. If the between-board sawing variation la larger than 
the within-board aaving variation (aa determined in the baaeline 
atudy), at leaat 10 boards should be aeaaured each abift. 

64 



digital calipers and the GageTalker should be used to take the 
aeasurements so that data can be transferred to an IBM PC or 
compatible computer using LUSI. Otherwise .anual data input is 
l'equired. 

CALCULATE AND DISPLAY THE SAMPLE STATISTICS 

step is automatically done by LUSI. 

!be method used in the daily monitoring process for calculating sample 
statistics is the same as that used in the baseline study. 

Statistical quality control charts are used by LUSI to display the 
sample statistics. LUSI produces control charts for average lumber 
size (X) , within- and between-board sawing variations CSwr Sb) 
and total sawing variation (St>· Figure 9 is an average lumber size 
control chart produced by LUSI. The average lumber size produced by 
the machine •HEADRIG 11 (IN.)• is being monitored. !be vertical axis 
is the size measurement in inches (in.) and the horizontal axis is 
time. There are five horizontal lines. middle line (ML) is the 
target size. The top and bottom lines are the upper and lower control 
limits (UCL, LCL), and the line between the ML and the OCL or the LCL 
is the upper or lower warning limit (UWL, LWL). The tip of each 
vertical line that extends from the ML, is the average lumber ·aize of 
the sample collected during shift No. 1 on the date specified below 
the horizontal axis. 

&. 
control limits are obtained statistically so that the 

probability of a data point (sample statistic) falling outside the OCL 
or LCL is almost zero (0.1 percent) and the probability of a point 
falling outside the OWL or LWL is 2.5 percent when the process is 
within control. 

Similarly, the control limits are also shown on LOSI daily size 
histograms. See Appendix II for a complete example of LOSI output. 

INTERPRET THE CONTROL CHARTS 

!be simplest way to interpret the control charts is to check if any 
data points (sample statistics: average lumber size, between-board 
sawing variation, or within-board sawing variation) fall outside the 
OCL and LCL. If one or more data points fall outside the OCL and LCL 
the process is considered out of control. Pol' example, if the average 
lumber size of a sample (several boards' .. aaurements) falls below the 
LCL, the process can be considered undersizing. Steps abould be taken 
to identify and l'ectify the problems. 

'!'he simple I'Ule given above can be only partially applied to the 
between-board or within-board sawing variation contl'ol chart. 

·either of these two sawing variations exceeds the OCL, the process is 
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considered out of control. However, when either of these two aawing 
variations falls below the LCL, the process is considered performing 
exceedingly well. 

lfhe aecond way of interpreting the control chart is to count the 
Dumber of .est recent data points that fall outside the warning limits 
(OWL and LWL). If more than two out of the last 25 data points fall 
outside the warning limits, the sawing process is not behaving well 
and steps should be taken to identify the problems. If only one or 
two data points fall outside the warning limits the process .ay or may 
not be out of control. To be on the safe side, check on the sawing 
process or take some more size data and analyze it as a baseline 
study. Note that this interpretation aethod only partially applies to 
the between-board or within-board sawing variation control charts. 
When either of these two sawing variations falls below the LWL, the 
sawing process is considered performing well. 

Another way of interpreting the control chart is to look at the trend 
of the data points. The upward or downward trend of the average 
lumber size indicates that the sawing process is deteriorating. A 
downward trend of the sawing variation indicates that the sawing 
process is improving. If seven consecutive data points fall above or 
below the middle line it is considered a ahift in trend. When a bad 
trend is established, steps should be taken to identify and rectify 
the problems. 

Interpretation of the control charts is more art than science. LUSI 
users may follow the .. above interpretation rules and evaluate their 
effectiveness. In addition, visual inspection of the lumber produced 
ahould be used to aid in determining whether the aawing process is 
performing acceptably. Furthermore, all four control charts should be 
examined when determining the performance of the sawing process. As 
long as the average lumber size is well within control, alight 
deterioration in within-board aawing variation may be acceptable. 

A PDTORISTIC LOOK AT LUMBER SIZE OON'l'JOL 

'l'he rapid advancements in scanners and computers have aade the 
computerized automatic lumber size control system •state of the art• 
rather than a thing of the future. 

llany trilllmer optimizers have included some automatic size control 
functions. A major drawback of such size control 8¥Stems is their 
inability to automatically identify the out-of-control (saving 
9ariation not acceptable) .. chine center. Another drawback of the 
exiating size control syatems is the high cost of accurate .canners, 
e.g. laser .canners. OVercoming these tvo drawbacks .. y .. ke the 
computerized automatic lumber size control a reality for 

· aavmilla. 
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!he first drawback can be overcome by scanning the sizes of the pieces 
produced at a given machine center before the pieces mix with pieces 
from another machine and enter the downstream machines. Por example, 
the pieces produced at a headrig are usually processed by a board 
edger, a gang edger, and/or a resaw. By automatically .easuring the 
sizes of these pieces before they mix with pieces from other .. chines 
and enter the board edger, the gang edger, and/or the reaaw, the 
beadrig sawing perfomrance can be monitored. If the pieces from the 
beadrig are the only pieces entering the edgers and the resaw, the 
optimizers of these three downstream machines can be designed to 
.onitor the sawing performance of the headrig. 

The second drawback will soon disappear as scanning technology 
continues to advance. When low cost and high accuracy size scanners 
are available, the computerized automatic lumber size control system 
will be common within sawmills. 
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LUMBER SIZE DATA FORM 

Mill ·Name Nominal Lumber Size 

conversion Center --------------------- Wood Species 
L 

Study Date Final Moisture Condition (') -------
Measurements By Sizes Recorded ____ l/32" __ 0. 001" 

LUMBER SIZE MEASUREMENTS 
Opposing 

Location 1 Location 2 Location 3 Location 4 Location 5 Location 6 Dimension 
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*********************************** 
* * * * * LUSI BASELINE PROGRAM * 
* * * * *********************************** 
DEVELOPED BY: FORINTEK CANADA CORP. 

PART 1. INPUT INFORMATION SUMMARY 
GENERAL INFORMATION 

MILL NAME 
CONVERSION CENTER 

STUDY DATE ' -- FILE NAME 
WOOD SPECIES 

FINAL MOISTURE CONDITION 

MARKETED LUMBER SIZE 
FIXED PLANER HEAD SETTING 

MINIMUM MOISTURE CONTENT 

MAXIMUM TANGENTIAL SHRINKAGE 

UNITS OF MEASUREMENT 

NUMBER OF MEASUREMENTS PER PIECE 
THICKNESS OR WIDTH MEASURED 

. . 

. . 

. . 

. . 

VANCOUVER, B. C. 

Mill A 
HR#1 

9-21-85 
HR#1 
DOUGLAS FIR 

1 (0:GREEN l=DRY) 
1. 500 IN . 

. 063 IN. 

7.5 X 

7.4 X 

1 (0=1/32" 1=0. 001"') 

s (2,3,4 OR S) 

0 (0=THICKNESS 1=WIDTH) 
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LUMBER SIZE MEASUREMENTS 
------------------------
BOARD LUMBER SIZE MEASUREMENTS OPPOSING NUMBER 1 2 3 4 5 6 DIMENSION 

1 1.856 1.922 1.880 1.893 1.949 1.898 6.000 
2 1.919 1.858 1.822 1.822 1.860 1.992 6.000 
3 1.829 1.801 1. 867 1.852 1.801 1.829 6.000 
4 1.784 1.801 1. 841 1.856 1.807 1.'792 6.000 
5 1.762 1.862 1.898 1. 882 1.861 1.794 6.000 
6 1.889 1. 894 1. 914 1.891 1.882 1.874 6.000 
7 1. 875 1. 896 1.898 1. 918 1. 895 1.893 6.000 
8 1.845 1.825 1.829 1.868 1.808 1.850 6.000 
9 1.699 1.767 1.933 1.884 1.789 1.728 6.000 .. 

10 1.819 1.788 1. 831 1.838 1.808 1.843 6.000 
11 1.768 1. 745 1.892 1. 912 1. 754 1. 795 8.000 
12 1. 718 1.730 1.832 1.837 1. 773 1.765 8.000 
13 1. 974 1. 888 1. 863 1. 865 1.897 1.928 8.000 
14 1.935 1.856 1. 863 1.867 1.843 1.900 8.000 
15 1.806 1.833 1.840 1.849 1.854 1. 818 8.000 
16 1. 894 1.848 1.860 1. 871 1.830 1.969 8.000 
17 1.686 1.792 1.856 1.869 1.821 1.773 8.000 
18 1.823 1.909 1.882 1.888 1.924 1.837 6.000 
19 1.768 1.845 1.915 1.899 1.841 1.772 6.000 
20 2.029 1.891 1.840 1.852 1.893 1. 961 6.000 
21 1. 935 1. 916 1.923 1.930 1.927 1. 982 10.000 
22 1.853 1.851 1. 913 1.897 1. 843 1.873 10.000 
23 1.939 1.899 1.909 1.893 1.906 1.946 10.000 
24 1. 771 1.799 1. 834 1.838 1.828 1.796 10.000 
25 1. 780 1.795 1.853 1.877 1. 814 1.718 10.000 
26 1. 695 1.811 1.849 1.837 1.810 1. 712 10.000 
27 2.041 1.894 1.845 1.870 1.903 1.997 10.000 
28 1. 917 1.829 1. 732 1.733 1.819 1.966 6.000 
29 1.777 1.829 1. 817 1.805 1.803 1.784 6.000 
30 1.738 1.835 1.881 1.849 1.801 1.747 6.000 
31 1.998 1.915 1.934 1.945 1.930 1.973 6.000 
32 1.747 1.908 2.025 1.953 1.834 1.786 6.000 
33 1. 991 1.857 1.879 1. 847 1.843 1.815 6.000 
34 1.890 1.921 1.916 1.920 1.915 1.892 6.000 
35 1.882 1.910 1.859 1.898 1.915 1.901 6.000 
36 1.802 1.862 1.883 1.888 1.871 1.744 6.000 
37 1.987 1.890 1.869 1.886 1.885 1.972 6.000 
38 1.880 1.838 1.870 1. 895 1.843 1.857 6.000 
39 1.767 1.830 1.884 1.856 1.843 1.812 6.000 
40 1.793 1.850 1.867 1.861 1.837 1.832 6.000 
41 1.930 1.946 1.899 1.939 2.018 1.910 12.000 
42 1.888 1.874 1.886 1.872 1.850 2.043 12.000 
43 1.751 1.810 1.810 1.859 1.831 1.754 12.000 
44 1.768 1.850 1.869 1.871 1.834 1.&11 12.000 
45 1.952 1.898 1.880 1.896 1.901 1.955 12.000 
46 1.871 1.876 1.881 1.875 1.889 1.849 12.000 
47 1.777 1.807 1.850 1.888 1.845 1.725 12.000 
48 1.918 1.945 1.842 1.854 1.894 1.880 12.000 
49 1.793 1.889 1.815 1.806 1.853 1.790 12.000 
50 1.803 1.843 1.868 1.868 1.860 1. 745 12.000 
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PART 2. SAWING VARIATION ANALYSIS AND 
TARGET SIZE CALCULATION FOR : HR#1 

THICKNESS 
SAWN LUMBER STATISTICS 

NUMBER OF PIECES MEASURED 
NUMBER OF MEASUREMENTS MADE 
LUMBER SIZE 

-MINIMUM 
-AV.ERAGE 
-MAXIMUM 

SAWING VARIATIONS 
-WITHIN 
-BETWEEN 
-TOTAL 

LUMBER SHAPE STATISTICS 

. . 

: 
: . . 

50 
300 

1.686 IN. 
1.859 IN. 
2.043 IN . 

.049 IN. 

.040 IN. 

.064 IN. 

SUMMARY OF BEVEL 
(FOR STANDARD 8" WIDTH) 

LONGITUDINAL SHAPE 

0.0" TO 1/32" :100.0 

1/32" TO 1/16" .0 

1/16" TO 1/8" .0 

1/8" AND GREATER: .0 

UN I FORM LUMBER 
TAPERED LUMBER 
SNAKED LUMBER 
SNIPED LUMBER 

-l.EAD I NG END 
-TAILING END 

FLARED LUMBER 
-LEADING END 
-TAILING END : 

PERCENT SHRINKAGE AT MINIMUM MOISTURE CONTENT 

MINIMUM MOISTURE CONTENT 
TANGENTIAL SHRINKAGE FOR 

DOUGLAS FIR 
-SHRINKAGE@ 0.0% M.C. 
-SHRINKAGE@ 7.5% M.C. 

MINIMUM SAWN LUMBER SIZE 

. . 7.5 X 

7.4 X 
5.6 X 

MARKETED LUMBER SIZE (DRY) : 1.500 IN. 
PLANER ALLOWANCE 

-BOTTOM HEAD : .063 IN. 
1.563 IN. 

SHRINKAGE (@ .092 IN. 

MINIMUM SAWN LUMBER SIZE . . 1.655 IN. 

6.0 
32.0 
20.0 

16.0 
4.0 

16.0 
6.0 % 



- 4-

UNDERSIZE LUMBER STATISTICS 
(LESS THAN MINIMUM SAWN LUMBER SIZE) 

PERCENTAGE OF MEASUREMENTS .0 X 
PERCENTAGE OF PIECES 

LESS THAN 1/64" SCANT 
1/64" TO 1/32" SCANT 
1/32" TO 1/16" SCANT 
1/16.. TO 1/8" SCANT 
1/8" AND GREATER SCANT 

. . 

. . 

.0 X 

.0 X 

.0 X 

.0 X 

.0 X 

TOTAL PERCENTAGE OF PIECES: .0 X 

TARGET SIZE CALCULATION 

TOTAL SAWING VARIATION 
MINIMUM SAWN LUMBER SIZE 

UNDERSIZED 
LUMBER 

.0 X 
2.5" 
5.0 " 
7.5" 

10.0 " 

UNDERSIZE 
ALLOWANCE 
FACTOR 
3.000 
1.960 
1.645 
1.443 

. . .. 1. 282 

.064 IN. 
1. 655 IN. 

SAWING 
VARIATION 
ALLOWANCE 
.192 IN. 
.125 IN. 
. 105 IN. 
. 092 IN. 
. 082 IN. 

TARGET 
SIZE 

1.847 IN. 
1.780 IN. 
1. 760 IN . 
1. 747 IN. 
1. 737 IN . 
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LUMBER SIZE HISTOGRAM 
LUMBER 

SIZE 0 
NUMBER OF MEASUREMENTS 

10 20 30 40 50 60 . 70 80 90 100 
+----+----+----+----+----+----+----+----+----+----+ 

2.30 + 

: 

2.20 + 

. . 
2.10 + 

=* 
2.00 + 

=*** 
=*** 
=**** 
=******** 

1.90 +*********** 
=************************** 

AVG =********************** 

MIN 

=************** 
1.80 +************* 

=******** 
=****** =**** =*** 

1. 70 +* 

1.60 + . . . . . . 
MAR 1.50 + . . . . . . . . 

1.40 + +----+----+----+----+----+----+----+----+----+----+ 
" 10 20 30 40 50 80 10 80 90 100 

NUMBER OF MEASUREMENTS 
KEY : MAR - MARKETED LUMBER SIZE 

MIN - MINIMUM SAWN LUMBER SIZE 
AVG - AVERAGE LUMBER SIZE 



Maon1ne na.un:;: • 

SEPT 16, 1985 Shift 11 

Boards measured per shift : 6 
Measurements made per board : 3 

HISTOGRAM OF LUMBER MEASUREMENTS 

1. 880 : 
1.860 
1.840 
1.820 ------------ UCL 
1.800 
1.780 ------------ UWL 
1.760 . 
1.740 
1. 720 : *** 
1.700 =********* --- ML 
1.680 =***** 
l. 660 : * 
1.640 
1.620 ------------ LWL 
1.600 
1.580 ------------ LCL 
1.560 

_,.540 
'1. 520 

SIZE DISTRIBUTION FOR INDIVIDUAL BOARDS 

1.880 . . 
1.860 
1.840 
1.820 ------------ UCl. 
1.800 
1.780 . ------------ UWL . 
1.760 . . 
1.740 . . 
1.720 :2 1 
1.700 :122121 ------ Jrdi., 
1.680 . 1 211 . 
1.660 1 
1.640 
1.620 ------------ LWL . 1. 600 . . 
1.580 . ------------ LCL . 
1.560 . . 
1.540 . . 
1.520 . . 



LUMBER STATISTICS 

Average lumber size 
Between-board sawing variation : 
Within-board sawing variation : 

LUMBER MEASUREMENTS . 

1) 1.700 1.710 1.722 
2) 1.680 1.690 1.700 
3) 1.700 1.710 1.705 
4) 1.680 1.690 1. 685 
5) 1.690 1.700 1. 685 
6) 1.660 1.680 1.690 

1.693 
0.011 
0.010 
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GENERAL INFORMATION 

Machine name . EDGER-SAW 2 (mm) . 
Boards measured per shift 

(Target or Average) Lumber size 
LCL : 43.2959 LWL 
UHL : 44.4694 UCL 

Between board sawing variation 
UHL : 0.8946 UCL 

Within board sawing variation 
UWL : 0.8178 UCL 

. . 

. . . . . . 

. . . . 

6 

44.000 
43.&306 
44.7041 

, e. 5100 
1.0992 

0.6500 
0.9017 

LUMBER STATISTICS 
-----------------
_DATE SHIFT AVG SB 
AUG 7, 1984 1 44.070 0.5140 
AUG 8, 1984 1 43.920 0. 7060 
AUG 9, 1984 1 44.110 0.6280 
AUG 10, 1984 1 43.800 0.7900 
AUG 13, 1984 1 44.350 0.3120 
AUG 14, 1984 1 44.140 0.2340 
AUG 15, 1984 Ji ' 1 44.057 0.5950 
AUG 16, 1984 l 43.750 0.6430 
AUG 17, 1984 1 44.010 0.4270 
AUG 20, 1984 1 43.780 0.3880 
AUG 21, 1984 1 43.930 0.5590 
AUG 22, 1984 1 44.290 0.8740 
AUG 23, 1984 1 44.060 0. 1620 
AUG 24, 1984 1 43.820 0.6610 
AUG 27, 1984 1 44.190 1. 1730 UCL 
AUG 28, 1984 1 43.960 0.3050 
AUG 29, 1984 1 43.960 0.8040 
AUG 30, 1984 1 44.070 0.6810 
AUG 31, 1984 1 43.700 0.4070 
SEPT 4, 1984 1 44.350 0.2900 
SEPT &, 1984 1 43.780 0.7260 
SEPT 6, 1984 1 44.450 0.2030 
SEPT 7, 1984 1 44.100 e. 1540 
SEPT 1e, 1984 1 44.050 0.6180 
SEPT 11, 1984 1 43.900 1.2290 UCL 
SEPT 12, 1984 1. 44.100 0.9330 UMl,. 
SEPT 13, 1984 1 43.800 0.6300 
SEPT 14, 1984 1 43.650 0.2&00 
SEPT 17, 1984 1 43.900 e.1&40 

sw_ 
0. 6020 
0. 5710 
0.6620 
0. 7000 
0.6150 
0.7100 
0.7500 
0. 5720 
0.6850 
0.6320 
0. 5500 
0. 5300 
0. 6750 
0. 5910 
0.6750 
0.6190 
0.6600 
0. 7000 
0.5630 
0.7450 
e. 6020 
0.6380 
e. 6190. 
e.6950 
e.6090 
e.6600 
e. 7300 
e.5720 
e.5500 



DATE SHIFT 

SEPT 18, 1984 1 
SEPT 19, 1984 1 
SEPT 20, 1984 1 
SEPT 21, 1984 1 
SEPT 24, 1984 1 
SEPT 25, 1984 1 
SEPT 26, 1984 1 
SEPT 27 I 1984 1 
SEPT 28, 1984 1 
SEPT 29, 1984 1 
-----------------Amount above UCL 
Amount above UWL 
Amount below LWL 
Amount below LCL 

i . 

' 

AVG 

44.200 
43.7f>0 
44.010 
43.780 
43.900 
44.290 
44.119 
45.333 UCL 
44.000 
46.569 UCL ------
5.1 X 
5.1 X 
0.0 X 
0.0 " 

SB sw_ 
0.4670 0. 7400 
0.5480 0.6850 
0.7750 0.6120 
0.6610 0.6190 
0.5500 0.6090 
0.3830 0. 7050 
0.4077 0.7236 
1·. 2678 UCL 1.1925 UCL 
1.0000 UHL 0. 5000 
2.7846 ·uCL 1.1334 UCL ------ ------
10.3 X 5.1 X 
15.4 X 5.1 X 
0.0 X 0.0 X 
0.0 X 0.0 X 



Appendix V- USER'S GUIDE TO LUSI CANT PROGRAM 

This section will help the user operate the computer program (CANT) to 
calculate target size for cant production. 

V.1 Data Collection 

In order to use the program, you will need to collect the following data: 

1. From the cant production, take a 
widths or thicknesses depending 
form A). 

sample 
on what 

of measurements from cant 
face will be resawn (fill 

2. For each relative position in the resawn cant, take a sample of 
measurements (fill form A for each position). 

3. 

ex.: if the cant production you wish to estimate is 4" x 6" to be 
resawn into two pieces 2 - 2"x6", you will take a sample of 
cant thicknesses (4"), one sample of lumber thickness (2") 
from position 1 on one ie of the sawline and one sample of 
lumber thickness (2") from position 2 on the other side of 
the sawline. Make sure not to mix lumber pieces from 
position 1 and 2. 

For each sawline, take a sample of ten sawtooth width equally 
distributed around the sawblade. Record the data on form B and 
calculate the average for each sawline. 

V.2 Sawing Variation Calculations 

Using the LUSI Baseline Study program, the user must perform, for each form 
A completed, a baseline study to estimate the total sawing variation for 
the cant and each individual position from the cant with the LUSI baseline 
diskette. 

The total sawing variation calculated for each of the lumber positions 
within the cant are to be recorded on form c. Other results will help the 
user analyze: 1) lumber and cant shapes, 2) determine minimum target size 
for each individual position in the resawing process and 3) monitor machine 
sawing performance with the Daily Monitoring program. 

Once the Baseline studies are completed, the user must complete form c. 

V.3 Starting the LUSI Cant Version Program 

Before starting to run LUSI CANT version program, format a new blank 
diskette. The formatted diskette is needed to store the data. 

When you are ready to run LUSI CANT version, insert the LUSI CANT version 
program in drive A, the data diskette in drive B and reboot the system by 
either pressing simultaneously CTRL + ALT + DEL keys or turning on the 



power on the PC. If you have a hard disk to save data, you must create the 
subdirectory "C: \CANT" by typing "MD C: \CANT". 

Enter the date and time, as requested by the computer. The computer then 
displays the following menu: 

• 
TYPE A COMMAND TO PERFORM A DESIRED TASK 

.•........................••.••..•.......•...•.. 

COMMAND TASK 

B Run CANT with two di6k drives 

c Run CANT with a hard disk 

M Type this menu on the screen 

As you can see, the command to start the LUSI Cant Program is B (if you 
have two floppy disk drives) or C (if you have a hard disk). Type B or C 
and the "Re turn" key to start. 

The monitor displays an introduction screen showing the version for the 
program you are using: 

TARGET SIZE CALCULATIONS 

FOR 

CANT PRODUCTION 

Version 1.0 

Press any key to continue 

Press any key to continue, then the monitor displays the following menu 

MENU 

1. CREATE A NEW FILE 
l. EDIT DATA FROM A FILE 
3. PROCESS DATA FROM A FILE 
4. END SESSION 

Enter your choice (1,2,3,4) 

Select an option by typing the number that corresponds to your choice and 
press the "Return" key. 



V.4 Option 1 -Create a New File 

This section describes how to enter values in a new file. 

After selecting option 1, the monitor requests the name of a file to save 
your information: 

Enter name of file to save Data, ex: B:HEADRIG.TXT: 

If the choosen file name already exists, the program will ask if you wish 
to overwrite the file. Enter (Y)es or (N)o. 

DOS limits the filename to a maximum of 12 characters (i.e. 8 characters 
followed by a dot "." and three characters for the extension. Since the 
name will be used to identify valuable stored data, the name should be as 
descriptive as possible. For example, if the nominal 4 inch size data 
collected from the #1 chipper canter on July 5, 1987 is being analyzed, the 
file name could be: CC050787.104. 

After receiving the file name, the monitor displays the following form: 

A. MILL NAME 
C. MACIIINE CENTER: 
E. CANT SIZE 
H. STUDY DATE 
J. UNDERSIZE : 

LUSI developed by Forintek Canada CORP 
CANT PRODUCTION VERSION 

GENERAL INFORMATION 

X F. 

B. WOOD SPECIES 
D. MIN. MOISTURE CONTENT 
G. MAX. TANG. SHRINKAGE 
I. PLANER ALLOWANCE 

K. Number of Pieces Produced by Cant Breakdown: 

Position 
of Piece 

L. 1 
M. 2 
N. 3 
0. 4 
P. 5 
Q. 6 

Final Marketed 
Lumber Size 

Sawing Position Average 
Variation of Sawline Tooth width 

1 
2 
3 
4 
5 



For each field you must enter information following those rules: 

A. Mill Name: 

Your sawmill name (a maximum of 20 characters). 

ex. : LUMBER CO. 

B. Wood Species: 

A descriptive code to identify the species for which you are doing the 
analysis (a maximum of 10 characters) 

ex.: SPF 

c. Machine Centre: 

The name of the machine for which you are doing the size analysis (a 
maximum of 20 characters). 

ex.: CCfll 

D. Min. Moisture Content (%) 

If you sell your 
your dried lumber. 

lumber dry, enter the minimum moisture content of 
If you sell your lumber green, enter "O". 

ex.: 12.5 

E. & F. Cant Size: 

Nominal thickness and width of cant for which you are doing the size 
analysis. 

ex: 4.000 x 6.000 inches 
89 x 140 mm 

G. Max. Tang. Shrinkage (%): 

imperial 
metric 

This is the maximum shrinkage that can occur in the width or thickness 
direction of lumber. Table 1 lists maximum tangential shrinkage 
values for species common in Canada. For example, if your lumber 
production is a mix of spruce, pine and fir, you should select the 
highest value from your species mix. If you sell your lumber green, 
enter "O" • 

ex.: SPF select 7.5 



H. Study Date: 

The date when the size measurements were taken (a maximum of 20 
characters). 

ex.: 28/03/1988 
March 28, 1988 

I. Planer Allowance: 

This is the 
side head). 
enter 0.065. 

depth of wood removed by the fixed planer head (bottom or 
For example, if you remove 0.065 inch from the bottom 
If you sell your lumber rough, enter "O". 

J. Undersize (%): 

The percentage of lumber pieces allowed to have some miss and skips. 

Valid values are 0, 5 and 10 

ex.: 5 

K. Number of Pieces Produced by Cant Breakdown: 

You enter 
breakdown. 

the number of resawn pieces 
Value must be between 2 and 6. 

to be produced from cant 

For each lumber position in the cant, enter the following information: 

Final Marketed Lumber Size: 

The actual size of your end product for each position in the cant. 
For example, the marketed lumber thickness of a 2x6 sold surfaced dry 
is 1.5oo. 

Sawing Variation: 

The total sawing variation for each position from the cant is 
calculated from the lumber size data (Form A) inputted into the LUSI-
Baseline program. 

ex.: 0.045 inch 

Average Tooth Width: 

The average tooth width based on a sample of 10 teeth from each sawing 
line involved in the cant breakdown is recorded. 

ex.: 0.093 inch 

When all data have been inputted in the record, the system will save the 
record and return to the Main menu. 



v.s Option 2 -Edit Data From a File 

This section describes how to get and edit information from an existing 
file. 

After selecting option 2, the program requests the name of a file to edit 
data from. 

Enter name of file to edit Data, ex: B:HEADRIG.TXT: 

If the file name does not exist, the program returns to the main menu, 
otherwise, the monitor displays a form with data entered previously and 
asks you which field(s) to edit: 

LUSI developed by Forintek Canada CORP 
CANT PRODUCTION VERSION 

GENERAL INFORMATION 

A. MILL NAME :LUMBER 
C. MACHINE CENTER:CC/TB 
E. CANT SIZE : 4.000 X F. 6.000 
H. STUDY DATE :09-26-88 
J. UNDERSIZE : 5 

B. WOOD SPECIES :SPF 
D. MIN. MOISTURE 0.0 
G. MAX. TANG. SHRINKAGE : 0.0 
I. PLANER ALLOWANCE :0.065 

K. Number of Pieces Produced by Cant Breokdown:2 

Position 
of Piece 

L. 1 
M. 2 
N. 3 
o. 4 
P . 5 
Q. 6 

Final Marketed 
Lumber Size 

1.563 
1.563 

Sowing Position Average 
Variation of Sowline Tooth width 

0.026 1 0.115 
0.028 2 

3 
4 
5 

Enter Field letter ex.: A; R to Save and Quit: 

Enter the letter of corresponding field to edit. As an example, if you 
wish to modify the cant width you must type the letter F. 

Note: If you want to modify file K, you must reenter fields L, M, 
etc. For an example, if you want to modify the actual number of 
pieces produced by the cant breakdown process from 2 to 3, you 
must request field K and type 3. The system will then request 
data for fields L, M and N. 

If you wish to keep a hardcopy of the above screen, turn your printer "on" 
and press simultaneously the "shift" and "print screen" keys. When your 
editing session is completed you exit and save data by typing the letter R. 



V.6 Option 3 - Process Data From a File 

This section describes how to get and process information from an existing 
file. 

After selecting option 3, the program requests the name of a file to 
process data from: 

Enter name of file to process Data, ex: B:HEADRIG.TXT: 

If the file name does 
otherwise, the monitor 
asks you if you wish to 

not exist, 
displays a 
process the 

the 
form 
data: 

program returns to the main menu, 
with data entered previously and 

LUSI developed by Forintek Canada CORP 
CANT PRODUCTION VERSION 

GENERAL INFORMATION 
--------------------------------------------------------------------------------
A. MILL NAME :LUMBER 
C. MACHINE CENTER:CC/TB 
E. CANT SIZE : 4.000 X F. 6.000 
H. STUDY DATE :09-26-88 
J. UNDERSIZE : 5 

B. WOOD SPECIES :SPF 
D. MIN. MOISTURE 0.0 
G. MAX. TANG. SHRINKAGE : 0.0 
I. PLANER ALLOWANCE :0.090 

K. Number of Pieces Produced by Cant Breakdown:2 

Position 
of Piece 

L. 1 
M. 2 
N. 3 
o. 4 
P. 5 
Q. 6 

Final Marketed 
Lumber Size 

1.563 
1.563 

Sawing Position Average 
Variation of Sawline Tooth width 

0.026 1 0.115 
0. 028 2 

3 
4 
5 

Do you wish to process data (Y)es or (N)o: 

The system will ask if you wish to process data enter (Y)es or (N)o. If 
you enter "N" for No, the program will exit Option 3 without processing the 
data; otherwise, the system will calculate the minimum theoretical target 
size required. 

If you wish to keep a hardcopy of the above screen, turn your printer "on" 
and press simultaneously the "shift" and "print screen" keys. 



V. 7 Option 4 - End Session 

When the menu appears on the screen, the user can end this working session 
by pressing the key 4. Program will terminate and control will be turned 
to DOS. On the screen, prompt "B>" or "C)" will reappear. 



LUMDER SIZE DATA FORM 
(Cant Production) 

(Form A) 

Ni 11 Name: ---------------

Conversion Center: -----------------
Sheet No.: Measurements by: 
Study Date: ------------------------
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Sawline 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Averages 

1 

AVERAGE SAWTOOTH WIDTH 
(Form B) 

2 3 4 5 



LUSI Developed by Forintek Canada Corp. 

General Information 
(Cant Production) 

(Form C) 

Mill Name =---------------------------Machine Center: 
Wood Species: _____________________ _ 

-----------------------Cant Size: x ----------- --------------
Min. Moisture Content 
Max. Tangential Shrinkage (%):===== 

Study Date: -------------------------- Planer Allowance (Fixed Head): ____ _ 
Undersized Factor _______________ _ 

Number of Pieces Produced by Cant Breakdown: ______________ _ 

Position 
of Piece 

1 
2 
3 
4 
5 
6 

Final Marketed 
Lumber Size 

Sawing 
Variation 

Position 
of Sawline 

1 
2 
3 
4 
5 

Average 
Tooth Width 




