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Improved sawlog quality through statistical
quality control
Brent Guild* and John Ellis+
Abstract
Statistical quality control (SQC) has been applied to sawlog production by a New Zealand
forest company. Non-conforming quality features
(defects) were grouped into five categories: dimensions, straightness, branching, log ends, and
appearance. Each of the 23 defects was considered to be of equal importance. Check sheets, control charts and Pareto charts were used to feed
back information to harvesting contractors whose
target defect ratio was set at 10%.
Over the two and a half-year period that SQC
has been used, an initial defect ratio of 37.5% was
reduced to about 15%. Not all of the company's
29 harvesting contractors are in control, but for
each there has been a change in the distribution
of defects. It is concluded that SQC is not a costly
exercise and does effect change by providing objective data for regular communication between
harvesting contractors and company staff.
Introduction
The annual cut from New Zealand plantation
forests will increase rapidly over the next 10
years. This will mean increased output for some
plantation owners, but many medium-sized forest owners, already at maximum sustainable cut,
will undergo a decrease in market share. Smaller
owners may also be vulnerable to downward price
pressure from increasing regional and national
supply. For smaller companies to compete, they
must do so on quality and service.
One of the most important aspects of quality
is product variability. While management sets
acceptable levels of product variability, the responsibility for log quality rests with production
staff and logging contractors. If a producer has
no formal standards for the acceptable level of
product variation, complaints or rejects will have
little or no effect on improving log quality. One
way to offset product variability is by providing
higher quality logs than the buyer is paying for.
However, this does nothing to increase returns,
the opportunity for market gain is lost, and losses
occur throughout the whole value chain.
Another approach is to reduce product variation by applying statistical quality control (SQC)
to reduce variation in roundwood quality from
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the log production process. Some production
managers believe that quality cannot be improved
without a loss in productivity and an increase in
cost. Evans and Lindsay (1993) however, point
out that improved quality leads to improved productivity and vice versa. This is because it takes
as many resources to make a bad product as a
good one, and additional resources expended on
rectifying the bad product increase cost and reduce productivity.
The concept of applying SQC techniques to log
production is not new. Murphy and Twaddle
(1985) outlined a procedure for using SQC techniques along with hand-held microcomputers to
improve value recovery from log production in
the mid 1980s. However, a survey conducted at
the start of the 1990s, which assessed the use of
quality control systems in New Zealand (Cossens
1992), found that most companies had not implemented quality control systems and none used
statistical software packages in their management
of log quality. A paper presented at the 1993
LIRO/FIEA Seminar identified some simple and
practical tools to measure and improve quality
(Dey 1993). Similar SQC tools were recommended for use by the Canadian forest industry
at the 1994 COFE conference (Copithorne et a.i
1994).
The level of interest shown by the New Zealand forest industry in SQC techniques in the
early 1990s, though high, did not result in quality control systems until 2001. This paper covers the recent i m p l e m e n t a t i o n of a SQC by
Ernslaw One Ltd. and presents results from the
analysis of two and a half-year's data.
Design of method
SQC was chosen for two reasons. First, it allowed us to determine when to take action to adjust a process and thus prevent defects. Secondly,
it gave us information on when to leave a process
alone and prevent variation by unnecessary tinkering (Montgomery 1985).
The first phase was to define quality characteristics that reflect the technical specifications
for log production. This is commonly known as
a "log specification". The quality characteristics
were grouped into five broad categories (Table 1)
to simplify the assessment process.
From the above quality characteristics a check
sheet was designed for each log grade (see Appendix 1). Any non-conforming quality characteristic was considered to be a defect and each of
these defects was given equal importance.
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Table 1:

Groupings of quality

blMENSIONS
Length
Small-end diameter
[Large-end diameter
Ovality

characteristics

STRAIGHTNESS
Sweep
Kink
Wobble

BRANCHING
Knot
Spike knot
Cut face
Nodal swelling
Whorl frequency
Trim

LOG ENDS
Pith
Draw-wood
Fluting
Scarl/angle cut

APPEARANCE
Machine damage
Branding
Sapstain
Disease/Rot

|

Splits
Sloven/tearing

Table 2: A fraction non •conforming (defect ratio) control chart based on sample data

LOAD
DOCKET
2104
2105
2111
2112
2145
2959
3000
3013
3023
3031
2572
3051
3110
3133

SAMPLE SIZE
(number of logs)
47
39
35
47
34
29
34
36
32
30
29
34
40
42
508

TOTAL
Quality data were collected as attributes
(present or absent, conforming or non-conforming, in tolerance or out of tolerance) so that simple tallies could be made. Non-conforming features that were more cosmetic (e.g. branding) and
did not downgrade a log were given the same
importance as a major defect.
Sample data were then collected from two contractors during the months of April and May in
1999. The following worked examples are based
on these sample data.
There are a number of types of SQC charts that
are regularly used to control quality attributes in
manufacturing processes. A measure of quality
is the defect ratio or fraction non-conforming,
which, in the approach adopted, is the number
of defects divided by the number of logs (Table
2). Control chart choice was determined by the
varied numbers of logs in a truckload and the
likelihood of more than one defect per log. A fraction non-conforming chart was selected.
Sample data were used to set an initial target
defect fraction. A 10% target was considered
achievable while staff and logging contractors got
used to the system.
In many industries the control level is set at
three standard deviations from the mean, which
should include 99.9% ofthe observations. Warn-
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NUMBER
OF DEFECTS
5
4
1
1
0
1
13
6
6
9
8
8
0
2
64

DEFECT
RATIO
0.106
0.103
0.029
0.021
0
0.034
0.382
0.167
0.188
0.300
0.276
0.235
0
0.048
0.126
|
ing levels are also set because losses of an "out of
control" operation are large relative to the cost of
investigating and correcting causes. A warning
level was set at two standard deviations (95% of
observations). Calculation of the upper control
level (UCL) are shown in formula 1 (Montgomery
1985) 1 :
UCL = iz + 3 * square root (u*(l-u) / 27)
(1)
Where: u is the total number of defects
divided by the total number of logs
17 is the number of logs in a sample
load.
Warning levels (WL) are set with the formula
above, except that a multiplier of 2 instead of 3
is used.
An example of a control chart is shown in Fig.
1. The top, and second to top lines are the upper
control limit and warning limit respectively.
These vary depending on the number of logs in
each load. The horizontal line is the target defect
ratio of 10%. The peaked line is the plot of sample data. This shows that for the first six samples, the process was in control and that the contractor was more or less achieving the target defect ratio. After that time the process was out of
control for several loads (as the sample points
1

Strictly applied, u should equal the fraction of
logs with defects.
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Fig.l: A fraction non-conforming (defect ratio)
control chart based on sample data.

Fig. 2: Pareto chart based on sample data

- Detect ratio
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Length
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13-May-99

20-May-99

Date sampled

moved beyond the control limits); this would have
initiated some action by the harvesting coordinator and their contractor. The last two samples
show that the process was brought back under
control.
To bring a process back into control requires
analysis before action is taken. One of the analysis tools is the Pareto chart (Fig. 2), which is a
frequency distribution of defects data arranged
by category. The most frequently occurring types
of defects are easily detected.
By referring to the chart the harvesting coordinator can quickly see that the defects causing the
most problem are length, "other" and trim. These
need to be addressed to bring the process back
under control. Where a defect reoccurs or is not
easily eliminated, cause and effect diagrams can
be used (Fig. 3).
Fig. 3: Cause and effect diagram for incorrect length
Length
Measurements

Materials

Men
Untrained

\No

oalibratlon

Unttimmed

„^tStiessed
branohesx
S a f e t y rfcks
High P r o d u c t i o n

\rjirtytape

peos n o t k n o w n
\ E x ces six

S p e c s not c u r r e n t

\ R ead tape wrongly

Tlted
fe' L e n g t h s p e c i f i c a t i o n e r r o r

/No

D image

branding

Poor oross-outtlng

L o a d Inoorrectry
Bad weather

Environment

Hook-on

Methods

l"««»«<lV/so.1badlir

Machines

Each branch pointing into the main stem represents a possible cause of length specification
error (e.g. Measurements) and side branches
pointing to the cause (e.g. No calibration) are possible contributors to these causes. This type of
diagram allows both harvesting operations coordinators and contractors to quickly diagnose their
quality problems.
Each truckload produced by a harvesting contractor is a random parcel of the total population
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for a grade of log. Therefore random selection of
truckloads of logs is a valid method of sampling
the defect fraction. The effect of sub-sampling
logs within loads was investigated. It was found
that sampling the whole load was generally the
most efficient procedure for sampling loads containing up to 40 logs. However, sample size could
be limited to 40 logs for loads with larger numbers of logs.
Implementation of system
From the outset ofthe SQC system design, company harvesting coordinators and managers were
fully involved in the process. A draft report containing the system design described above was
circulated within the company. Production staff
had the opportunity to comment and the management team ratified the process before it proceeded.
Training and explanation of the system to harvesting contractors, staff, and inspectors was provided by regional harvesting coordinators, with
the assistance of the national harvesting manager.
At the end of the initial training phase each harvesting contractor understood the check sheet and
had an understanding of the process. Load inspection contractors (who were independent
third parties) received the necessary training in
scaling and auditing. This was done at the point
of sale after the logs had left the harvesting site.
Harvesting coordinators rapidly communicated
check sheet results back to the appropriate harvesting contractor. A requirement of the system
was that feedback to contractors was to be within
24 hours of load inspection for loads out of control. Local harvesting coordinators were responsible for oversight of the system, which included
the random sampling system for check loads. The
number of check loads could vary between one
and four loads per gang per week.
Load inspection data was recorded on the relevant log quality check sheets for each grade.
Each sheet was then immediately faxed to the
harvesting coordinator, who was responsible for
data entry and reporting back to the harvesting
contractor. A Microsoft Access database was used
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to hold data and produce reports. The database
allowed the harvesting coordinators to combine
the latest samples with previous history, and to
produce Pareto charts to target the most frequently occurring defects. Each month, each regional database was automatically sent to the central harvesting manager, who could analyse data
at a national level, identify any faults and implement corrective actions.
A full audit of the system was planned after it
had been in place for six months. This was carried out and the subsequent report made a large
number of minor recommendations for its improvement. Most of these were in relation to communication issues and a small proportion related
to sampling detail and maintenance of the system. One recommendation that emerged was that
harvesting contractors needed much more objective log specifications than they had at that time.
Results
The SQC system has been operational since the
middle of 1999. Data from August 1999 to April
2002 were analysed for defect ratio and frequency.
Fig. 4 shows the monthly average defect ratios
combined for the 29 harvest contract gangs.

Analysis of the data from individual contractors shows that some have made substantial reductions in defect ratio and others have shown
erratic gains, if any. Fig. 6 shows the defect ratio
for one contractor (contractor A), whose logs are
now within the control limits for the 10% target.
Fig. 6: Defect ratios over time for Contractor A (one
of the 29 contractors).

Date sampled

Mean monthly defect ratio and fluctuations in
its range steadily decreased for this contractor
over the period. Fig. 7 shows the contribution of
various quality characteristics to the reduction
in defect ratio.
Fig. 7: Pareto chart of quality features for
Contractor A (one of the 29 contractors) for two
samvle periods.

Fig. 4: Defect ratio for 29 contractors over a 33
month period.

Branching

Date sampled

The overall defect ratio started at 0.375 (37.5%]
and dropped to 15% over the next 8 months. The
low point in April 2000 coincides with the audit
of the system, and the defect ratio has remained
around the 15% level. The frequency by group of
defects recorded for three separate months is
shown in Fig. 5.
Fig. 5: Frequency of defects for 29 contractors.

Log ends

|

Branching

Dimensions

Appearance

Straightness
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Dimensions

Log ends

Straightness

Not all contractors showed the overall reduction in defect ratio that contractor A did and some
operations have not been in control to date. For
example, the monthly defect ratio of another contractor has only reduced from 29% to 24% over
the term of the trial (Fig.8). At two points contractor B achieved defect ratios of 12% and 11%.
These occurred shortly after the system was
rolled-out, and in April 2001. During the period
Fig. 8: Defect ratios over time for Contractor B.

Date sampled

Jan 2000 to March 2002 Contractor B's defect ratio has had four peaks over 30% with a maximum
ratio of 70%.
Cost of scaleable defects
Several of the log defect types resulted in direct volume loss through small-end splits (Twaddle & Ellis 1984) and under length, and wasted
volume through over length and oversize diameter. From the frequency of those defect types it
was possible to estimate the volume losses. Table 3 shows the estimated loss for each defect
type.
Table 3: Estimated volume losses from
defects
Defect type
Length
S.e.d, cutback
Oversize s.e.d.
Solit
Tear
Overall

scaleable

Annual volume loss (m3) j
272
446
1392
244
134
2488

The estimated volume loss over 29 gangs is
2488 cubic metres which is approximately 0.5%
of the annual cut.
Discussion and Conclusions
SQC reduced the defect ratio for sawlogs from
37.5% to 18.4% within six months of implementation. From April 2000 the defect ratio increased
to about 22% and then returned to a level around
15%. Overall there has been substantial reduction in defects from branching, log ends, trim and
small-end diameter. Defects due to length,
straightness, and machine damage have not
shown large decreases in their frequency.
Reductions in defect ratio have not been uniform across all contractors. Some contractors have
shown large reductions in defect ratio and some
have erratic monthly averages. Data does show
that the system altered the distribution of defects
for each harvesting gang, even if the overall frequency did not change substantially.
There are both direct and indirect costs in running the system but these are considered to be
covered by the intangible benefits gained from the
reduction in (scaleable) defects, and the conformance to specification. There are no data to calculate possible sawlog price increases from consumers.
The SQC system has provided objective measures of conformance of sawlogs. Monthly defect
ratios show that the greatest overall reductions in
defect ratio occurred at times of greatest interest
(or intervention) by the harvesting coordinators.
Initially when the system was introduced from
August 1999 and then when there was a system

audit in April 2000. One can conclude that the
SQC by itself doesn't accomplish results, but the
interaction between harvesting coordinator and
the harvesting contractor does.
Improvement in conformance has not been
achieved by downgrading logs into a lower quality specification. Over-specification would result
in oversize small-end diameter, and a change in
average branching, straightness, and small-end
diameter within grades. Oversize small-end diameter is a defect and has decreased over the study
period, and is now one quarter as frequent as
undersize small-end diameter. The relativities of
quality features w i t h i n log grades have not
changed either.
There is always the temptation to link quality
control with some form of penalty system. No
penalty or reward system was used in the implementation of this SQC system. Our experience
has been that penalties for poor quality become a
fixed additional cost of doing the job and do not
improve quality. We believe that the desire of all
harvest gangs is to produce quality logs, and maintain that any system that gives them feedback will
be perceived as reward or penalty depending on
the result. The success of this system has been
due to the combination of analysis, objective feedback and education.
Further gains could have been made through
more cause and effect analysis of defects and more
rapid communication between harvesting coordinators and harvesting contractors. In many organizations, people find it difficult to include the
requirements of a new system as another priority
in their large workload. Similarly, some harvesting contractors find it harder to change work habits, especially in high production cable logging
operations.
Inspection contractors have found the process
simple to operate, but there is always the question of whether they should re-grade or reject a
log that does not conform to a specification. The
decision was made not to reject or re-grade logs,
although they can be rejected for small-end diameter or length outside of the SQC procedure.
Part of the rationale for not rejecting logs was that
sample loads represent about 10% of the total
outturn and therefore 90% of the sawlogs would
be unaffected by any re-gradingr^
Difficulty in applying log specifications is one
of the principal causes of product variability. In
the forest industry it has always been accepted that
when customers are short of wood, they will accept logs that do not conform. When there is a
surplus of logs, the converse applies. This has led
to vague log specifications and mixed messages to
harvesting gangs. For SQC to operate successfully
quality specifications should not be open to vague
interpretation and should be well defined and
based on measurable quality characteristics.
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APPENDIX 1 - Example of Log Quality Check Sheet
GROUP
Dimensions
Straightness
Pran^bi^g

Log Ends

Appearance

Q

QUALITY
CHARACTERISTIC
Length - under/over
Sed - under/over
Led/ovality
Sweep
Kink
Wobble
Knot
Smke knot
Cut face
Nodal swelling
Whorl frequency
Trim
Pith
Draw-wood
Fluting
Scarf
Splits
Sloven
Machine damage
Branding
Sapstain
Disease/Rot
Total Defects
Total Logs in Sample
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DESCRIPTION
3.9, 5.7, 12.1
Min 40. Max unlimited.
Not applicable
Sed/5, sed/4, sed/3
Not permitted
5 cm
7cm
7cm
Not permitted
3cm
< 3 whorls per metre
Flush
Not applicable
10cm
10cm
10cm
10cm
Not Permitted
Not Permitted
Large end - E and grade
Not permitted
Not permitted

|
1
1
1
1
1
1

1

