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Introduction 

The importance of knowing the moisture content of wood after kiln drying

needs no elaboration. How we may determine the moisture content is a major sub-

ject in itself. Besides the oven-dry method and electrical moisture meters,

attention is being given to weight measurement techniques and the use of sub-

stomic particles to measure moisture content.

Knowing the moisture content is of little consequence unless we apply this

knowledge to help improve the quality of drying and reduce costs. The purpose of

our program is to explain and illustrate with the help of slides, how the moisture

content data may be organized and used to get a maximum of information to assist

the kiln operator in establishing and maintaining quality standards at a minimum

of cost and effort.

In order to better appreciate the value of statistical quality control me-

thods, we should first appraise briefly the drying problem. The quality of kiln

drying depends on all the steps in the drying process. For this reason, our pro-

gram will cover some of the aspects of the drying problem before statistical quality

control methods are applied to the final product. It should be emphasized that the

basic purpose of quality control is the prevention of improperly dried lumber.

The Drying Problem

Wood, as frequently pointed out, is a variable product. The problem in

drying is to decrease the moisture content of lumber throughout the drying process

and end up with a final product of acceptable average dryness and uniformity of

dryness. The key to the problem is "variation."

Some variation in the quality of drying is unavoidable due to the:



1. Variable nature of wood

2. Variation in drying conditions

3. Variation in drying equipment

4. Human element,

There is, however, much that can be done to eliminate avoidable causes of

variation and poor quality. Things like mis-sorted lumber, improper air yard lay-

out, poor kiln equipment or mistakes in kiln schedules are avoidable and are

definite causes that may be corrected. Green lumber has a wide range in moisture

content and drying characteristics which affect the drying rate. With redwood,

the three factors which have the most pronounced effect on the drying rate are (1):

1. Moisture content

2. Specific gravity

Number of rings per inch

Reducing Variation Before Kiln Drying 

Quality control starts with the segregation of green lumber into groups

which are as nearly alike in drying properties as is practicable. The better the

segregation, the more uniform will be the response of the lumber to drying condi-

tions and the better the control of the quality of drying. The recommended segre-

gations in redwood are light, medium, and heavy, based primarily on the green board

weight but adjusted for ring count and specific gravity. Segregation is more of an

art than a science and must continually be checked to maintain consistency.

The efficiency and uniformity of air yard seasoning involves consideration

of the following factors (2):

1. Width of lumber packages.

2. Height of piles.

3. Sticker thickness.

4. Orientation of piles in relation to the prevailing winds.

5. Spacing between piles.
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The factor which has the most influence on the rate and uniformity of

yard drying, other things being equal, is pile spacing. Slides will be shown on

various air yard layouts in the redwood industry illustrating the effect of some

of the above factors under various operating conditions.

Statistical Quality Control in Kiln Drying

"Quality control is ahcieved most efficiently, of course, not by the inspec

tion operation itself, but by getting at causes." DODGE and ROMIG.

Statistical quality control is a positive method that has been replacing

trial-and-error methods in many fields of activity. The reliability of the method,

properly used, is beyond question. Starting a quality control system does not

guaranty quality. Like any other tool, it must be used with judgement and intelli-

gence to realize the maximum benefits.

The basic principal underlying the quality control system is that no two

items in a production process are exactly alike. Variation always,exists. Once

this basic fact is realized and accepted, the problem is one of merely determining

how much variation is "normal" under the best operating conditions that can reason-

ably be maintained and then setting a standard of quality that can be held.

Experience shows that in each production process, normal variations due to

chance causes follow a definite pattern	 that can be measured. Varia-

tions outside of the normal pattern, called assignable causes, may be detected and

corrected--and the process controlled. The quality control system in kiln drying

is a systematic method of making moisture content observations organizing the re-

sults and analyzing the data. A small number of moisture content samples of the

charge are taken at random. Each board should have an equal chance of being selec-

ted; that is, there should be no bias in the method of sampling. Sampling results

are of questionable value, if they are not representative.

Small samples are only spot checks, but they do the job. They provide

reasonable satisfaction that no serious change has occurred in the quality of drying.

Any dramatic change will be spotted immediately, and more gradual changes will be



brought to attention as successive checks create a cumulative impression.

The Schewart control chart is the most valuable tool in the quality control

method of analysis. When applied to seasoning, it is essentially a map showing

the progress and direction of the quality of drying. It provides information on:

1. The average moisture content.
2. The basic variation in moisture content.
3. The consistency of performance.

An example, taken from kiln records, will serve to briefly illustrate

some applications of statistical quality control methods. Variations of the tech-

nique may be necessary to suit individual requirements, but the basic steps invol-

ved will hold. The reader is referred to Grant (3) for a thorough general treat-

ment of statistical quality control and Pratt (4) for some considerations in apply-

ing quality control to kiln drying.

In this instance, 10 sample boards were randomly selected from the charge--

5 from the forward part of the charge and 5 from the rear part of the charge. The
moisture contents of the samples were arranged into subgroups of 5 each in the order
the sample boards were selected. Five samples per subgroup is a convenient and de-

sirable subgroup size. Considerations of subgroup size and frequency of sampling

is beyond the scope of this paper. See references (3) and (4). Tabulation of the

data and calculations for the control chart are given in Table 1.

After the control limits are calculated, the subgroup averages and ranges

are plotted on the control chart. The upper and lower control limits define the

natural variation to be expected between subgroup averages consisting of 5 samples
per subgroup under present operating conditions. The upper control limit for ran-

ges defines the natural variation to be expected within the subgroups. Any point

falling outside the limits for averages and ranges is an indication of excessive

variation in the process. In other words, a point out of control is outside of the

normal pattern of chance variation and is probably due to some cause that can be

traced down and corrected--an assignable cause.



Table I.--Final moisture content percent of 4/4 kiln dried redwood uppers

No. 
	 No.	 :

Sample .
x 

1 1 - 1 9.4 12.5 10.8 9.3 10.1 10.4 3.2
2 1 - 1 13.6 10.8 9.7 9.9 10.9 11.0 3.9
3 2 - 2 8.6 8.1 8.5 8.0 7.8 8.2 0.8
4 2 - 2 8.0 9.2 8.7 8.6 6.9 8.3 2.3
5 1 - 3 8.6 8.7 9.2 10.3 8.6 9.1 1.7
6 1 - 3 8.4 9.7 8.4 10.9 8.4 9.2 2.5
7 2 - 4 9.4 7.0 7.4 10.6 6.9 8.3 3.6
8 2 - 4 9.0 8.7 8.1 8.4 8.3 8.5 0.9
9 1 - 5 11.7 10.7 11.0 10.2 8.6 10.4 3.1

10 1 - 5 8.7 9.7 9.2 8.2 9.8 9.1 1.6
11 2 - 6 6.8 8.3 7.8 7.0 6.9 7.4 1.5
12 2 - 6 8.8 6.2 7.1 7.2 7.1

7
2.6

13 1 - 7 8.9 8.2 7.9 7.8 7.2 8.0 1.7
14 1 - 7 8.6 8.1 9.6 8.0 8.2 8.5 1.6
15 2 - 8 14.8 8.6 10.5 7.9 8.3 10.0 6.9
16 2 - 8 8.9 8.0 12.7 9.6 7.0 9.2 5.7
17 1 - 9 7.9 9.3 7.5 7.6 8.0 8.1 1.8
18 1 - 9 8.3 7.5 9.1 8.6 7.6 8.2 1.5
19 2 - 10 9.7 8.8 8.9 8.9 8.6 9.0 1.1
20 2 - 10 8.2 8.0 8.1 8.9 9.7 8.6 1.7

Totals:	 176.8	 49.7

:Kiln &:
Subgroup

.	 I
:Average Range.

-Sum of subgroup averages 
-

No. of subgroups
176.8 = 8.8420

R 
Sum of subgroup ranges 	 49'7 = 2.48

No. of subgroups	 20

Upper control limit for A = UCL_ = x +A2 k- 

Lower control limit for x = LCL_	 x A2 Rx
Upper control limit for R = UCL R = D R

Lower control limit for R = LCLR = D3 
R

Factors for Determing Control Limits 

No. samples
in subgroup

D
3

5 0.58 0 2.11
10 0.31 0.22 1.78



Figure 1 shows subgroups 1 and 2 from kiln 1 out of control for averages.

Since the ranges for these subgroups are satisfactory, it was concluded that the

charge was pulled too soon. Casehardening tests also indicated over-conditioning.

The average for subgroup 9, taken from the forward part of charge 5, is out of

control, while subgroup 10 from the rear part of the same charge is in control.

The fan in the forward part of the kiln was inoperative during the last of the

run, causing the out-of-control condition in this area. The out-of-control condi-

tion for the ranges of subgroups 15 and 16, charge 8, was traced to poor segrega-

tion. Control limits should be recalculated when sufficient data is accumulated.

Twenty subgroups is usually considered a minimum.

Other Aids to Quality Control in Drying 

Frequency and cumulative frequency charts are other useful tools in analy-

zing the data. To prepare these charts, the individual measurements from Table 1

are tallied by moisture content classes as-shown in Table 2. The frequency dis-

tribution is prepared by plotting the frequency of each class at the mid-point of

that class. This graphically illustrates the distribution of the individual mea-

surements as shown in Figure 2. The cumulative frequency data in Table 2 is pre-

pared by recording the frequency of the first class, then the sum of the first and

second classes, etc. The cumulative frequency percent is found by dividing the

cumulative frequency of each class by the total frequency. The cumulative frequen-

cy percent is then plotted against the upper boundary of each class. The result is

shown in Figure 3. This type of chart quickly shows the percent of lumber less

than any given moisture content.

The specifications for 4/4 kiln dried redwood require that 90 percent of the

lumber should be less than 10 percent moisture content and none over 15 percent

moisture content. Figure 3 shows that almost all the lumber was less than the

upper specification of 15 percent moisture content, but only about 85 percent was

less than 10 percent moisture content. In order to meet specifications, the average

moisture content of future charges will have to be reduced slightly.
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Figure 1. Average and Range Control Chart for Moisture Content

Figure 2.--Frequency distribution of individual moisture content
measurements.
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From	 7.- 5-6 	 To	 4,- u' - 6-d Chart Number

Kiln No. /	 Z	 Charge No	 /- /0 Stock	 40, 4;,140

Moisture	 Tally
Content Class

(%)

Frequency Cumulative
Frequency

Cumulative
Frequency

(%)

4.1-	 5 0

5.1 7	 6 0

6.1 -	 7 0	 /Ail /// r
7.1 - 80 AW AW AW "AY / 2/ .Z 5 zy

8.1 - 9.0 ziLitiLeal6teLAYZE/ // 7 d7 %
9.1 - 10.0	 /AVAW/10/ /7 14/ 4F	 %

10.1 - 11.0	 AWAY/ / // 9S-

11.1 - 12.0	 / 9'
12.1 - 13.0	 // 9p fe
13.1 - 14.0	 / y 5y %

14.1 - 15.0	 / /Do AO
15.1 - 16.0

16.1 - 17.0

17.1 - 18.0

18.1 - 19.0

19.1 - 20.0

/4
Total

Table 2. Moisture content work sheet.

From  .T - 7 - 66 	To 	 - 	 Chart Number 	

Kiln No.  I 4n el 2 	 Charge No  / - /0 	 Stock  AO/ Upper.,

99.9 	
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Figure 3.--Moisture content chart.
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SUMMARY

Quality control in kiln drying is a method of:

A. Improving quality.

B. Reducing costs.

C. Improving producer-consumer relations.

A. Improving quality

1. Provides a basis for reducing to a minimum the variation on
between items. Helps to maintain a consistency of performance.

2. Psychological effect on all plant personnel.•

3. Provides a permanent record of quality.

B. Reducing costs.

1. Detection of trouble.

2. Prediction of impending trouble.

3. Helps to indicate where to look for the source of the trouble.

C. Improving producer-consumer relations.

1. Basis for mutual confidence by producer and consumer in
quality of drying.
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