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This standard is issued under the fixed designation D 6782; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Wood-Base Materials

1.1 These test methods apply to instruments designed to D 2915 Practice for Evaluating Allowable Properties for
detect, or measure, moisture in wood which has been dried Grades of Structural Lumber .
below the fiber saturation point. The purpose of these tests is to D 4442 Test Methods for Direct Moisture Content Measure-
provide a unified standard against which such systems can Ment of Wood and Wood-Base Materials
demonstrate their suitability for their intended use (see Appen- D 4444 Test Methods for Use and Calibration of Hand-Held
dix X1). Moisture Meters _ o
1.2 The standard is configured to support tests by moisture D 4933 Guide for Moisture Conditioning of Wood and
meter manufacturers as well as end-users of such systems, Wood-Base .Matenals . .
therefore the text follows two tracks (see Appendix X2). D 5536 Practice for Sampling Forest Trees for Determina-
1.3 Test methods specified for manufacturers are generally tion of Clear Wood Properties
designed for laboratory settings and are intended to provide 3

. . - . . . Terminol
standard against which a manufacturer certifies calibration and € .o ,O,Qy -~ ] _
general system conformance. 3.1 Definitions of Terms Specific to This Standard:

1.4 Test methods for end-users are generally designed for 3-1.1 accept/reject meters—meters that permit identifica-
field setings and are intended as a standardized set gpn and/or sorting of pieces into moisture content classes. The

procedures for determining the suitability of a specific machineiMmplest design has one set point or target level to separate
for a particular use. “wetter” from “drier” pieces. Often the meters described in

1.5 Applications such as lumber marking or sorting systems-1-5 may be operated as accept/reject meters.
utilizing the output of the in-line meter are not part of this 312 field, n—an environment usually not meeting the
standard. criteria of 3.1.4. This is often a meter installation at the wood

1.6 This standard does not purport to address all of theProcessing facility where the meter and the lumber are subject

safety concerns, if any, associated with its use. It is thd® the process environment of mill production.
responsibility of the user of this standard to establish appro- 3-1-3 flow, n—a term that describes the movement and

priate safety and health practices and determine the applica®fiéntation of the piece with respect to the sensing area.
bility of regulatory limitations prior to use. 3.1.3.1 longitudinal-flow—in this flow arrangement, pieces

pass lengthwise through the sensing area. All or some portion
2. Referenced Documents of the length may be sensed.
2.1 ASTM Standards? 3.1.3.2 transverse-flow-in this flow arrangement, the

D 1990 Practice for Establishing Allowable Properties forPi€Ces pass crosswise through the sensing area. Transverse

Visually-Graded Dimension Lumber from In-Grade Testsmeters frequently have more than one sensing area, conse-
of Full-Size Specimens quently, the meter may sense more than one area of the piece

D 2395 Test Methods for Specific Gravity of Wood and €ven if the entire piece is not sensed. _ _
3.1.4 laboratory, n—an environment under which condi-
tions of temperature and moisture content can be controlled
within stated tolerances and which permit use of carefully
1 These test methods are under the jurisdiction of ASTM Committee D07 ongelected and controlled specimens.

Wood and are the direct responsibility of Subcommittee D07.01 on Fundamental L . .
Test Methods and Properties. 3.1.5 meters n—in-line (or in process) moisture sensors

Current edition approved April 1, 2004. Published May 2004. Originally designed to respond in one pass to the moisture content of a
approved in 2002. Last previous edition approved in 2002 as D 6782-02. piece passing the sensing area.

2For referenced ASTM standards, visit the ASTM website, www.astm.org, or . ; f ot
contact ASTM Customer Service at service@astm.org.Afoual Book of ASTM . 3'1f'5'1 Dlscu53|0n]:Meters a_re typlca”y a SySte;;n consist
Standards/olume information, refer to the standard’s Document Summary page ofNg O qne or more fixed sensing areas (termed eads) anq a
the ASTM website. processing/readout console that may be remote from the region
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where sensing takes place. Meters may be either non-contact or4.2 The two major anticipated users of these test methods
contact types, and are considered nondestructive if the anticare instrument manufacturers whose primary concern is labo-
pated performance of the product is not adversely affected byatory standardization and calibration, and instrument owners
the meter. The magnitude of the sensing area (sampling area)who may have a primary focus on field standardization and
often regarded in processing as representative of the entilibration. These test methods present the laboratory and the
piece, although the intended product requirements may requiffield as separate tracks (see Appendix X2).
alternate sampling or analysis schemes. The term “sensing 4.2.1 Laboratory Standardization and CalibratieaThis
region” is sometimes used in lieu of “sensing area” toportion of these test methods is intended for guidance of
encompass the three-dimensional sensing pattern of a meteguipment manufacturers. Specific test recommendations are
Meters may have more than one sensing area; consequentigilored to the capabilities of a laboratory environment.
the meter may independently sense more than one area of the4.2.2 Field Standardization and CalibratieaThe predomi-
piece. Meters may be designed to indicate moisture contemfant use of in-line meters is in production in which lumber
percentage, to operate as accept/reject instruments, or to BRaracteristics and environmental conditions reflect actual mill
used for both applications. processes. Field standardization and calibration is essential to

3.1.6 moisture content leveln—the moisture content at address or encompass much of the variability in production.
which products are defined as dry, or at which accept/reject 4.2 3 Applications using the output of the in-line moisture
decisions are made. This level is dependent upon the specififeter may modify the meter output signals or have inherent
gr?ding rule, quality control requirements or product specifitesponse characteristics that are not representative of the meter.
cation.

3.1.7 moisture indicators n—meters which display or 5 | aporatory Standardization and Calibration
record the estimated moisture content, or both. The moisture __ . L . o
content is estimated from a predetermined relationship between Th|s procedure is intended for testing of a specific model or
the meter output and moisture content determined by yersion of meters.

standard method. 5.1 Laboratory Standardizatior-Standardization shall be
3.1.7.1 Discussior—Typical sensing principles are given in performed on the meter to test the integrity of the meter and

Appendix X3. sensing region. The meter shall be standardized using suitable
3.1.8 Standardization and Calibration: reference materials to provide at least one reference point other

than zero on the meter readout. In transverse feed systems,
of the meter to a reference material (see Appendix X4). standardization shall be performed separately for each sensing
3.1.8.2 calibration—the determination of the relationship "€9'0N-:

between the response of a standardized meter and the moisture>-1-1 Reference Specimerd hese references are often rec-
content of a reference material, determined by a standargmmended and/or provided by the manufacturer of the meter.

3.1.8.1 standardizatior—the determination of the response

method (see Appendix X4). In absence of recommended reference specimens, materials
3.1.9 test modesn—these terms describe the status of theShall be obtained that will provide consistent results during
piece during measurement. testing and retesting.
3.1.9.1 static—the piece is stationary in the sensing area Nore 1—Although the references are preferably non-hygroscopic, they
when the moisture measurement is made. maybe hygroscopic if due care is used to assure consistency during
3.1.9.2 dynamie—the piece moves through the sensing aredesting. For example, uniformly equalized clear wood specimens could be
during measurement. used if stored to maintain constant moisture content.
4. Significance and Use 5.1.2 Test Procedure-In the following procedure, at least

41 Indine meters provide a rapid means of detectin one reference specimen shall be used. Before each test, the
moiéture content of IuFr)nber or Woog roducts in rocessin%eter shall be initialized by adjusting to the manufacturer’s
P P Yecommended initial reading with no material in the sensing

(that is, on a continuous production line). Two major uses ar(?egion. The static and dynamic tests are to be conducted at

monitoring the performance of the drying process (air drying,room temperature (20-30°C/68-86°F). Any deviation from this
kiln drying), and providing sorting or identification of material temperature shall be documented in .the report

at predetermined levels of moisture content. These measure-5 1.2 1 Positioning—The reference materials shall be posi-
ments are inferential in the sense that physical measureme tlsnéd i‘n the sensing_re ion as recommended by the mgnufac-
are made and compared against calibration curves to obtain q nsing reg ) yt
indirect measure of moisture content. These measuremenis - and consistent W'th the constraints of the intended or
may be influenced by one or more physical properties such argcommended installation (see Appendix X6).
actual moisture content (average and gradient; see AppendiXxNote 2—Although the procedure specifies a single position, it may be
X5), density, surface moisture, chemical composition, size andseful to vary the position systematically to assess positional sensitivity.
temperature of wood. In addition, the measurements may alsghe variation in position may provide information on requirements for
be influenced by environmental conditions and the desigripstallation accuracy and effects from board misalignment, such as
e . . . ~ skewing or warping.
specifications of the meter. The best performance is obtaine
by an awareness of the effect of each parameter on the meter5.1.2.2 Static Standardization TestAfter initializing, con-
output and correction of readings as specified by these tesluct a static standardization by placing the reference material
methods. in the sensing zone with the feed system disabled.
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5.1.2.3 Dynamic Standardization TestAfter initializing region. The calibration curve should neither be extrapolated
and conducting the static standardization (5.1.2), sequentiallgelow the lowest nor above the highest value tested.

place each reference specimen (See 5.1.1 and Note 3) on afeed 2 1 Calibration Objectives-Establish the objectives of

assembly outside the sensing zone. Energize the feed assemig calibration test including specimen characteristics criteria
to move the reference through the sensing zone ata sellect r example, uniformity of moisture content, density, species,
constant speed. The speed selected shall be consistent with so forth), operating speed, and environmental conditions.

intended installation. Record the meter reading (for example, 5.2.2 Specimen Selection and PreparatioSpecimens

maximum or average) as the reference standard passes throy haII be selected to represent the characteristics identified as
the sensing zone. Repeat the test at the selected test spee P

(The more detailed procedure of the dynamic test is describe(t‘jaﬁ'br"’ltlon variables in 5'2'.1' OFher characten.stlcs Fha'.[ are to
; . be held constant shall be identified as selection criteria. One
in Appendix X7). ! ) . . .
example is the nominal thickness of the particular species for
Note 3—In some systems, such as longitudinal flow meters operatingvhich calibration is desired. Specimen length shall exceed the

at high speed, it may not be possible to conduct dynamic laboratoryimensions of the sensing region for transverse meters and, for
standardization at operating speeds for practical reasons of control ari

e . o ﬁngitudinal meters, be a single length unless length is a
safety. In these situations, the static or slow speed standardization results : . . . . .
will necessarily be the basis for proceeding to the calibration step. variable for which calibration is desired. The selected speci-

mens shall be free of visible irregularities such as knots, decay,
5.1.2.4 Temperature TestThe test shall be conducted at reaction wood, wane, and resin concentrations. These speci-
-20, 0, 20, 40 and 60°C (-4, 32, 68, 104 and 140°F) tOmens shall be carefully selected to be representative for the

determine the response of reference material, sensing heags, ticyjar species and growth site. Specimens shall be chosen
and console with temperature. At each temperature level, the ', entirely sapwood or heartwood if possible

system components shall be at specified thermal equilibrium, L . . .
y b pecr quiibnu 5.2.2.1 If density is a variable chosen for calibration,

allowing sufficient time for any temperature soak effect. uadi ires data f id f q |
Record the observed temperature and meter reading at eagif@luation requires data from a wide range of wood samples

temperature level. re_pr.esenting various_density groups will be required. At a
(1) Reference MaterialWith the sensing heads and con- minimum, three density groups shall be prepared.
sole at ambient room temperature (20-30°C/68-86°F), condi- °.2.2.2 Where growth site is the subject of calibration,
tion the reference material at the temperatures listed in 5.1.2.4evelopment of corrections will require specimens represent-
Quickly insert the reference material within the electrical fielding several different growth sites. Where the desired accuracy
of one sensing head. Repeat the measurement at each températhe calibration is known and the influence of site can be
ture level and record average readings. estimated, Practice D 2915 can be used to establish a sampling
(2) Sensing HeadsWith the console at ambient room plan.
temperature (20-30°C/68-86°F), place the sensing heads in a5.2.2.3 If testing of meter sensitivity to presence of wet
room to cycle to temperatures listed in 5.1.2.4. Allow thepockets is required, it will be necessary to prepare a group of
reference specimen to remain with the sensing heads. Detespecimens with well defined wet pockets (size, position with
mine the thermal drift of each sensing head by the difference ofespect to a board, MC gradients) of several typical sizes and
readings from those obtained ifh)( locations (see Appendix X8). The obtained data shall be
(3) Console-With the sensing heads and reference materiaincluded in the report.
at ambient room temperature (20-30°C/68-86°F), cycle the 52 > 4 Species calibrations that are intended to represent an
console through the temperatures _Ilsted in 5._1.2.4. Determm@ntire species, for example, to correspond to globally-
the thermal drift of the console by differences in readings froMygtermined design values assigned to structural products, shall
those obtained inl) and @). _ _ be obtained only by conducting species-wide sampling. Com-
5.1.3 Report—T_he report shall mclud_e 'ghe data collected in yittee DO7 regards this species-wide sampling as meeting the
5.1.2 _together with a detailed description of the referenceprinciples that guide Practice D 5536 or Practice D 1990, or
materials, the method used for temperature exposure, and ag¥ih The species sampling suggested in these test methods is
variation from the specified procedure. not required to be species-wide. Species representation claims

~ 5.2 Laboratory Calibration (MC Indicators)-This method  pased on less-than species-wide sampling shall be correspond-
is intended for obtaining the greatest accuracy by comparisopgly fimited.

of the meter output to moisture content obtained gravimetri- 5.2.3 Specimen ConditioningThe specimens shall be di-
cally using the oven-drying method (Test Methods D4442)'v'déd.into four groups of at least twelve each and equilibrated
The accuracy of the desired results must be consistent with tlrﬁ : groups quirtior
indicated accuracy of the specific oven-drying procedure i ol!owmg a desorption path) 1o four sele_cted equilibrium
Test Methods D 4442. Laboratory calibration procedures ar 0|§ture content (EMC) levels for the gpphcable MC range
intended to provide reference data under controlled condition Guide D 493:”_)' Alternately, t_welve specimens shall be equili-
of wood and ambient variables, This calibration is designed fo rate.d_ (following a desorption path) at each of the EMC
full-scale calibration of the meter on actual wood specimen§Ondltlons (see Note 4).

having uniform moisture content (see 5.2.2). Meters must be Nore 4—The twelve-specimen alternative lengthens the test consider-
standardized (5.1) before being calibrated. In transverse feeghly, but may be the only practical choice under certain conditions,
systems, calibration shall be done separately for each sensipgrticularly when wood variable effects are to be minimized.
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5.2.4 Test Procedure-In the following procedure, the meter determination of the effect of these variables density and
shall be initialized (5.1.2) with no specimens in the sensinggrowth site on moisture content readings. If the multiple
region. The dynamic test shall be conducted at room temperaegression is performed using a statistical software package,
ture. the significance of the addition of density and growth site to the

5.2.4.1 Positioning—The specimens shall be positioned in model will be incorporated in the printed copy of the results. If
the sensing region recommended by the manufacturer arthie technique used to perform the multiple regression does not
consistent with the constraints of the intended or recommendedietermine the significance of added factors, then an analysis of
installation (see Appendix X6). variance shall be performed to determine the significance

5.2.4.2 Dynamic Test-After initializing (5.1.2), obtain one factors.
set of specimens at a specific EMC level. Sequentially place 5.2.5.3 Temperature-From the data collected in 5.2.4.3,
each specimen on the feed assembly outside the sensing zogenduct an analysis, such as regression, to relate the moisture
Energize the feed assembly to move the specimens through tieentent readings of the meter to those obtained from oven-
sensing zone at a selected constant speed. Record the medeying.
reading (maximum or average) as the specimens pass throughs 2 6 Report—The report shall contain a description of
the sensing zone. (The more detailed procedure of the dynamighjectives selected in 5.2.1, the data collected in 5.2.3 and
test is described in Appendix X7). 5.2.4 together with a detailed description of the specimens and

Note 5—Often an objective is evaluation of the dynamic response ofENIc leve_ls’ the Corre_Ct'onS Or_adJUStmentsf determined for the
the meter to a localized wet area. If this is desired as part of the dynamit2rget variables species, density, growth site and temperature,
calibration, modification of the specimen selection and preparationand any deviation from the specified procedure.
positi_oning a_md response monitoring will be required. Discussion of wet g 3 Laboratory Calibration (Accept/Reject MetersYhis
spot issues is contained in Appendix X8. procedure is designed for the calibration of the meter at a

5.2.4.3Wood Temperature TestPlace the entire system, specific set point or set points, for operation as an accept/reject
including the specimen material, in a room capable of variatiorgauge. Moisture content values are not to be associated with
from -20 to 60°C (-4 to 140°F) (see 5.1.2.4). With the systenspecific boards sensed by such a meter except as below or
in equilibrium at selected temperatures between -20 and 60°@bove certain moisture content values. If such moisture content
(-4 to 140°F), place each specimen statically within the sensiniglentification is desired for individual boards, the meter shall
area to obtain meter readings with the specimens at thee calibrated as per 5.2. Meters shall be standardized (5.1)
exposure temperatures. Apply the results of the temperatulgefore being calibrated. In transverse feed systems, calibration
test, 5.1.2.4, for the drift and temperature effect correctionsshall be done separately for each sensing region.

The thermal effect of sensors, control consoles and wood 5.3.1 Calibration Objectives-Establish the objectives of
samples must be tested independently. Place the sensors in the calibration test including specimen criteria (for example,
temperature-controlled room with cables running outside of theiniformity of moisture content, density, and so forth), operat-
room to the console which is equalized at room temperatureng speed, and environmental conditions.

Next reverse the setup with the console in the control room 5 3 2 Specimen Selection and PreparatieSpecimens
while keeping the sensors at room temperature. Finally, test theha|| pe selected following the criteria of 5.2.2 to represent the
system with wood at different temperatures while the entireqyominal thicknesses of the particular species for which cali-
moisture detection system is equalized at room temperatur@yation is desired. Specimen length shall exceed the dimen-
Use 5.2.4.3 to obtain data for the total (wood plus systemyjons of the sensing region. The selected specimens shall be
temperature correction. All specimens at the different EMCrree of visible irregularities such as knots, decay, reaction
levels are to be used. wood, and resin concentrations. The specimens shall be care-

5.2.5 Effect of Variables-Determination of corrections. fylly selected to be representative of the particular species and
After completing 5.2.4, obtain oven-dry values of moisturegrowth site. Specimens shall be chosen to be entirely sapwood
content (Test Methods D 4442), specific gravity (oven-dryor heartwood.
mass and volume) (Test Methods D 2395) and other specimeng 3 5 1 Specimen ConditioningPrepare sufficient speci-

characteristics (see 5.2.1) for each specimen for comparisqfiens 1o obtain the desired degree of set point accuracy (see
with the meter response. Subsequent analysis can be conduciggie 6). Expose the specimens to controlled conditions to
with multi-variate methods that address all of the choserypiain equilibrium of individual pieces with minimal moisture
variables within the analysis, such as a multiple regression, Q¢ gients, centralized about the set point value (Guide D 4933).
the response of the meter may be addressed one variable ahgiermine the moisture content of the pieces applying either
time if the covariance is not of interest. The following Taost Methods D 4442 or Test Methods D 4444. Keep the

paragraphs list recommended procedures. _specimens wrapped in a vapor retarder material to minimize
5.2.5.1 Species-From the data collected in the dynamic \griability when not being actively tested.

test (5.2.4.2), regress the readings obtained against the mois-

ture contents of the specimens. Note 6—The number of specimens required depends on the degree of
5.2.5.2 Density and Growth SiteFrom the data collected success in conditi_oning to_ the set point level. See Appendix X9 for an

in the dynamic test (5.2.4.2), perform a multiple regression oanmple of selecting specimens.

similar analysis, incorporating moisture content density values 5.3.3 Test Procedure-In the following procedure, the meter

and/or growth sites in the analysis regression model, to permghall be initialized (5.1.2) with no specimens in the sensing
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region. The dynamic test is to be conducted at room temperaabo_rato_ry te_sting. Consequently, laboratory and field tests may not
ture. This procedure is intended to both adjust and evaluate ttgovide identical results.

accuracy of the set point(s). 6.1.1 Reference Specimendhese reference specimens or
5.3.3.1 Positioning—The specimens shall be positioned in procedures commonly are recommended or provided, or both,

the sensing region recommended by the manufacturer angl the manufacturer of the meter. In the absence of recom-

consistent with the constraints of the intended or recommendegiended references, materials shall be obtained that will pro-

installation (see Appendix X6). vide consistent results during testing and retesting.
5.3.3.2 Dynamic Test-Sequentially place each specimen )

from 5.3.2.1 on the feed assembly outside the sensing zonﬁ.NOTE 9—Although the reference materials are preferably non-

. : groscopic, they may be hygroscopic if due care is used to ensure
The m0|s_ture content of the specimens shall b,e close to th nsistency during testing. For example, uniformly equalized clear wood
accept/reject level and they shall be tested at different speedgsecimens that are suitable may be used if stored to maintain constant
Energize the feed assembly to move the specimens through th@isture content.
sensing zone at selected speeds. Record the accept/reject stat
as specimens pass through the sensing zone (see Note 5 ane
Note 7). (The more detailed procedure of the dynamic test i?n

described in Appendix X7).

.1.2 Test Procedure-In the following procedure, at least

e reference specimen shall be used. Before each test, the

eter shall be initialized with no material in the sensing region

of each sensor. The test is to be conducted at ambient
Note 7—Longitudinal-type accept/reject meters may require speciatemperature and at the reference temperatures of concern in

adjustments to compensate for reaction time in the readout or markdie|d application. If the dynamic test in laboratory standardiza-

system, particularly for specimens of non-uniform moisture content.  {jgn (5.1.2.3) has demonstrated no speed effect, 6.1.2.2 may be
5.3.3.3 Temperature TestPlace the entire system in a room omitted from this procedure, unless the maximum laboratory

capable of variation from -20 to 60°C (-4 to 140°F). With thespeed is well below that expected during production.

system in equilibrium at selected temperatures between -20 andNOTE 10—If the system contains multiple sensing regions (heads) and

GOOC_ (-4 to 140°F), p!ace each SPeCime” _Statical_ly within thqf the data from each region is available together with the indicated
sensing area to obtain accept/reject readings with the speGiverage value, it is preferable to compare the average output against the
mens at the exposure temperatures. Apply the results of thedividual values to determine any variations from a simple average.
temperature test, 5.1.2.4, for the drift and temperature effedtikewise, if the intent is sensitivity to localized wet areas, provision to
corrections. Use the results reported from 5.2.6 to obtain datgheck each sensing region is important.

to report the species and temperature effect on set point 6.1.2.1 Positioning—The reference specimens shall be po-
performance. sitioned in the sensing region recommended by the manufac-
5.3.4 Report—The report shall contain a discussion of the turer and consistent with the constraints of the installation. The
test objectives, a detailed description of the specimen moisturgntire specimen shall always pass completely through the
content distribution (average, variability, “wet spots” if appro- sensing region (see Appendix X6).
priate, and so forth), the percentage of specimens that were g.1.2.2 Static Standardizatior-Conduct a static standard-
below and above the respective set points, and number @fation in accordance with the manufacturers instructions.
specimens either below or above the set points, each relative t06.1.2.3 Dynamic Standardization TestAfter initializing
the total number of specimens tested; the species or specigid conducting the static standardization, sequentially place
group; the effects of temperature, density and growth site on sefach reference specimen on the feed assembly outside the
point stability; and any deviation from the specified proceduresensing zone. Energize the feed assembly to move the standard
through the sensing zone at a selected constant speed. Record
6. Field Standardization and Evaluation the meter reading (maximum or average) as the standard passes
Laboratory standardization and evaluation shall have beethrough the sensing zone. If the feed system has variation in
performed on the meter or on a model with similar operationaspeed control, repeat the test within the range of available
characteristics before testing to the procedures of this sectiogpeeds. (The more detailed procedure of the dynamic test is
If laboratory calibration has not been carried out, this shall bélescribed in Appendix X7).
acknowledged when reporting the results on Section 6 tests \,. 11_safety is a paramount issue in dynamic systems, particularly
under 6.3.3. in a complex mill environment. In some systems, such as longitudinal
6.1 Field Standardization-Field standardization and evalu- meters operating at high speed, it may not be possible to conduct field
ation permit addressing mill conditions and specimen variablestandardization at operating speeds for practical reasons of control and
of practical concern with installed equipment; however, fielgsafety. In'these situatiqns, static or slpw speed standar@ization results will
standardization is not intended to supplant laboratory standar@&cessarily be the basis for proceeding to the calibration step.
ization because of its more limited scope and lack of environ- 6.2 Basis Moisture MeasuremeniThe moisture value
mental control. Field evaluation does not replace laboratoryagainst which the meter response is to be compared will
calibration but supplements with mill process and productdepend on the objectives of the test established in 6.3.1.1 or
specific data. 6.3.2.1; for example, whether an oven dry or a hand-held meter
Note 8—In many instances, field standardization and evaluation argea_dIng are regardgd as the basis, and W.hether avera_lge piece
performed on a species group rather than specific species, and on lump&oisture values, highest wet local reading, or readings at
having defects, grain deviation, and moisture gradients that are typicallgPecified areas are to be used as “basis”. These static moisture
found in processing, and in a physical environment difficult to duplicate infreadings shall be taken immediately after the meter response
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tests are completed, in accordance with either Test Methodsf the objectives. The uniformity and level of moisture
D 4442 or D 4444. Sampling is a critical element of the basigpermitted through the cross-section and in the length and width
measurement since it is unlikely that the area examined by thiea each piece shall be part of the objectives. This method does
basis technique will be exactly the same as that scanned by timet directly represent the response of the meter to characteris-
sensor, especially if methods Test Methods D 4444 are used féics that have been excluded from the objectives, but which
basis. Consequently, multiple readings will be required if themay be present during moisture scanning. Among the latter
entire sensor area is to be evaluated by the basis measuremently be knotholes and wane, which are often not included in
Another common option is to make a practical decision on ahe basis measurement.

subset area of the sensor region to “represent” the moisture g 3.1 2 Specimen Selection and Preparatiehumber

content. This method relates to quality monitoring proceduresspecimens shall be selected to represent the objectives outlined

Note 12—While basis moisture content values may be obtained inn 6.3.1.1. T_ESt |Ocati0n'5.0n each piece shall .be _identiﬁed and
several different ways, depending on the meter type, equipment availablénarked. Moisture conditions meeting the objectives shall be
and degree of accuracy desired, these measurements have variability thagrified using sampling of matched material with the destruc-
should be considered when calibrating an in-line meter. Total moisturgjye methods of Test Methods D 4442 or by examining the
values from a cross-section obtained from oven-dry measurements m%}becimens using the methods of Test Methods D 4444. Wood

require multiple sampling within the lumber portion in the sensing zone. - S .
Subset samples from single or multiple reading instruments, such agharaCte”S“C determination shall be by the grading rules

hand-held meters may be required. Multiple measurements by eithddOVerning the grades represented in the sample.
means are recommended to obtain reasonable accuracy and to identify6.3.1.3 Test Procedure-Lumber specimens shall be placed
unusual variations of moisture content in the specimens. in the meter such that only the designated test location (6.3.1.2)

6.2.1 Full-piece Basis ValuesTo obtain a basis moisture IS actively monitored by the meter sensor. Meter manufacturer
value for comparison to “full-piece” moisture scanning, par_recommendat_u.)n.s shall be followed regardmg any “overlap” or
ticularly for longitudinal in-line meters, it may be desirable to “@réa of sensitivity” beyond the physical sensor geometry so
take multiple basis readings along the length of the membdhat the chosen wood characteristics are maintained in these

and integrate these in an appropriate manner to simulate tfFeas. Tests sha_ll include both repetitions Wi_th the same p?ece
“full-piece” scan of the in-line meter. a_nd (same de3|gnat¢d area_) fp_r rgpeatab!llty and multl_ple
6.3 Evaluation of Field Response (MC Indicatersfhese Pieces for betwe(_an-p|ece vanab_lllty information. Sample size
procedures are intended to provide a method to evaluagh@ll be determined from preliminary tests run to obtain
moisture measurement errors associated with processed lumpgiability estimates; Practice D 2915 and ASTM International
having typical moisture content levels, moisture gradients, angt@ndards on precision and bias provide guidance on setting
typical physical characteristics. Meters shall be standardize§@MPle size on the basis of the desired quality of the estimate.
(6.1) before being evaluated. In transverse feed systems, thes@Cking the above data, a minimum sample size of 20 is
evaluations shall be done separately for each sensing regioffcommended; however, it is likely that a larger, carefully
The extrapolation of results beyond the range of the test data f€lected sample will be needed if many wood variables are to
not recommended. A method for evaluating selected portiong€ included.
of the piece, and dynamic options for evaluating the whole 6.3.2 Full-Piece ResponseThe principle employed in this
piece are presented. Each method provides a different set @ption is to record the meter response to the lumber at the
information upon which field calibration, operational adjust-speed of operation including all wood characteristics “as run”,
ments, product selection decisions and product moisture clain&nd relate this response to the basis moisture content reference.
may be based. The choice of option depends upon th&he sampling of the piece by the meter system must be
inferences to be made with the results. acknowledged; a longitudinal system will “sample” much of
6.3.1 Evaluation of Selected-Portion RespoasBhis the piece along the length while a transverse system will
method emulates the response of the meter to selected portioB@mple designated locations on the piece. In the latter case,
of lumber passing through the sensors where the wood repr@owever, these locations are not controlled by test objectives to
sents specific characteristics. For example, no knots, limitegertain wood characteristics but only by the mill positioning
grain distortion, and no decay might be selected as the locatiogduipment. Two options are offered for analysis; these are the
criteria. Meter response readings are taken with the lumbeghoice of two methods of selecting the sampling for the base
locations meeting the criteria in the electrode position(s)Moisture measurement, one at the anticipated “inspection site”
Subsequently, basis moisture readings are made at these saf@equality monitoring; one an integration of base samples from
locations. This response evaluation method may not be suitabtBe entire area monitored by the in-line meter. Each option
for longitudinal flow meters in a dynamic mode. offers a different insight into the practical use of the in-line
6.3.1.1 Objectives—The objective of this method is to Meter.
determine the response of the in-line meter where the locations 6.3.2.1 Test Objectives-Establish the lumber and/or pro-
of measurement are carefully controlled to be the same for botbessing variables to be evaluated by the dynamic test and the
the meter and the basis measurement against which the metmsis measurement sampling. Lumber variables that may
will be compared. Often, these locations are regarded asfluence the meter output include lumber size, grade, and
“clear” wood or as areas which would be selected for moisturenoisture content variability due to wet spots or gradients.
inspection in quality monitoring, or both. The character of theProcessing variables may include operating speed and environ-
wood in the selected locations shall be clearly identified as parhental conditions.
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6.3.2.2 Specimen Selection and PreparatieSpecimens result in meter corrections, in process changes, or in product
shall be selected to represent the nominal thickness of thelaims regarding moisture control, or combination thereof.
particular species for which calibration is desired. SpecimerConsequently, the conclusions reached from field calibration
length shall exceed the overall dimensions of the sensinghall be based on the goals set for performance, the objectives
regions. The specimens shall be pre-screened to obtain gstablished for the test, and the conduct and results of the test
sufficiently wide range of moisture content. The number ofjtself.
specimens shall be selected using the principles of Practice g 3 4 1 Selected-Portion ConclusiorsBecause the analy-
D 2915 Section 3.4 which links the objectives of 6.3.2.1 Wlthsis conducted on selected-portion sampling is limited to

the variability anticipated in order to determine the results W'thspecific areas defined in the test objectives, the conclusions

sufiicient precision. Consequently, the Samp“”g Qf multil[?lefrom this test method are limited to the test areas and to the

head, transverse meters should be con&dered_m_speqm&nnber characteristics defined for those areas. The results may

%Srovide useful information on the response of the in-line

. system to the characteristics included; it provides no informa-
6.3.2.3Test Procedure-In the following procedure, the o, o0 meter response to other lumber characteristics. Further,

meter shall be initialized with no specimens in the Sensings e testing is conducted only in static mode (as may be the

:eglon. ;I'he dyr:?rr]nlc ]Eest Sh"’;” be c?nduct;ed at anjb|]en se with longitudinal meters), the influence of dynamic
emperature or at the relerence temperatures ot concem INN€G o5 variables will not be included in the analysis and shall

apglgztlzr;ositioning—The specimens shall be passed not be referenced in the conclusions.
through the sensing region as recommended by the manufa, -6'3'4'.2 FuII?P|e(_:e Conclusmns—Th_e in-line meter, output
turer, and consistent with the constraints of the installation (se om this calibration methoq contains the meters’ dynamic
Appendix X6) and the objectives of 6.3.2.1. Obtain one set ofésponse to the' cheracter|st|cs .Of the lumber .s.canned. Conse-
specimens at the variable range of interest (for examplequently' the callb_ra_tlon conclu3|_ons are conc_jmo_nal upon the
moisture, grade, and so forth). Sequentially place each Spedebercharactenstms as stated in the testobjecuy_es (mclqdmg
men on the feed assembly outside the sensing zone. Record &€ 9rade, moisture, and so forth, and the variability permitted
appropriate meter reading (maximum or average) as thi¥ these cheracterlsncs) plus speed Qf operation and of[her
specimens pass through the sensing zone(s). (The more Qcynemlc vanables. Furth'er, the two basis measurement options
tailed procedure of a dynamic test is described in Appendi@Pplied to full-piece calibration, local area or an integrated
X7.) full-piece value, present two distinct differences in conclu-
6.3.3 Effect of Variables/Determination of Effect Of Test sions. If the fu]l-piece in-line reading is to be eompareq with a
Variables—The effect of the variables on meter response caﬁOcal area basis rea_dmg (as may be the case if the basis reaqllng
be used to determine the importance of meter adjustments afy@ third-party quality assurance measurement at one location
to anticipate the moisture variability in the product. SpeciesOn @ Piece), the dynamic test and full-piece variables will not
temperature, and density corrections are some of the moRe represented in the basis measurement; correlations between
common results of analyzing the effect of test variables odhe in-line and the baS|_s WI||. co_ntam thle dlecrepancy as part of
meter response. Regression and analysis of variance are tifeg “error’. If the full-piece in-line reading is to be compared
methods that may be used to describe meter response. Practitéh an “integrated” basis reading (6.2.1), the comparison

D 2915 Section 4 provides guidance on analysis, confidenccludes an attempt to include many of the same lumber
statements and data presentation. characteristics, such as moisture gradients along the piece. The

6.3.3.1 Species and SiteFrom the data collected, a mini- influence of lumber characteristics, such as knots, and dynamic

mum analysis would be a regression of the MC meter responséfiables, such as movement of the piece in sensing region,
readings obtained against the appropriate basis moisture cofgMain in the “error” to be estimated.
tents (determined in 6.2). Since duplicating market proportions 6.3.5 Repori—The report shall include the data collected in
of species in a species group may be difficult, care shall b&.1, 6.3.1, and 6.3.2, together with a detailed description of the
taken in representing species in this analysis (see 5.2.5.1). ieference materials used in 6.1, the lumber characteristics
site is a variable, conduct sufficient analysis to determine sitécluding moisture content levels, the results of 6.3.3 and the
effects within species. conclusions of 6.3.4. Any deviations from the specified proce-
6.3.3.2 Density—If density is a variable of interest, identi- dure shall be reported. The report shall also describe the basis

fication of this effect within species or species groups maynoisture measurement.
require special attention in analysis. In some product lines, a 6.4 Evaluating Field Response (Accept/Reject Meters)
further analysis of the effect of density within grades within aThese procedures are intended to provide a method to evaluate
market group may also be important to calibrating the in-lineaccept/reject moisture meter performance within the critical
meter. moisture decision range for processed lumber having typical
6.3.4 Conclusions—The manner in which the results of moisture content levels, moisture and gradients, and growth
6.3.3 are applied shall be consistent with the objectives anénd finishing characteristics. An accept/reject meter has a
conduct of the test. Those conducting the test shall set thepecific or preset set-point which identifies lumber with mois-
target precision and bias goals against which the performandere contents higher or lower than a predefined target value of
of the meter is to be measured in field test. These decisions mdlye set-point. Meters shall be field standardized (6.1) before

shall be determined to be on grade by applicable rules.
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being evaluated for measurement performance. In transverskata is gathered on pieces accepted and rejected at the
feed systems, response shall be evaluated separately for egurformance level selected.
sensing region. 6.4.3.3 Full Piece Test-Follow the procedures of 6.3.2
6.4.1 Objectives—An accept/reject meter can be installed to except for data collection. Record the accept/reject decision for
meet specific objectives, often limited to only one or twoeach specimen. The more detailed procedure of the dynamic
functions (for example, identifying pieces in excess of atest is described in Appendix X7. See Note 11 on safety
specified moisture target). These shall be identified prior t@onsiderations of dynamic tests.
evaluation and subsequent selection of specimens and conduc®.4.4 Effect of Variables/Determination of Effect of Test
of tests shall be in accordance with these objectives. Variables—The effect of the variables on meter response can
6.4.2 Specimen Selection and PreparatieSpecimens be used to determine the importance of meter adjustments and
shall be selected to represent the nominal thicknesses of the anticipate the moisture variability in the product. The design
particular species for which calibration is desired. Specimemf the test shall have anticipated the need to conduct an
length shall exceed the overall dimensions of the sensingnalysis of the pass/fail performance of the meter using the
regions. The specimens shall be pre-screened to obtain suffypppropriate methodology for confidence statements concerning
cient specimens within a critical range of moisture contentpercent acceptance/rejection.
Select the number of specimens to provide the sensitivity 6.4.5 Report—The report shall contain a detailed descrip-
needed. See relevant ASTM standards on sampling and Agion of the moisture content distribution, the percentage of
pendix X9 for methodology. below set point failures and above set point failures, and total
6.4.2.1 Test Criteria—The considerations of sampling for fajlures, each relative to the total number of specimens tested:;
moisture content and evaluation that were considered in 6.fhe species or species group; the effects of temperature, density
and 6.3 are equally important for accept/reject meters. It ignd growth site composition on set point stability; and any
necessary to select either meter performance based on seleciggliation from the test objectives and the procedure selected.

portions (parallel to 6.1) or full-piece (parallel to 6.3) for The mathematical analysis used to evaluate the performance
evaluation. The basis measurement shall be chosen to fit thihall be reported.

selection. The critical difference between the accept/reject
evaluation and those of 6.1 and 6.3 is that more specimens need precision and Bias
to be selected within close proximity to the accept/reject
moisture levels selected for evaluation.

6.4.2.2 Basis MeasurementSee 6.2 for explanation of
selecting the appropriate basis measurement to match t
performance evaluation chosen for the meter.

6.4.3 Test Procedure-The meter shall be initialized with no
specimens in the sensing region. The dynamic test is to
conducted at ambient temperature or at the reference tempe
tures of concern in field application.

6.4.3.1 Positioning—The specimen shall be positioned in
the sensing region as recommended by the manufacturer afyStems:
consistent with the constraints of the installation (see Appendix
X6). 8. Keywords

6.4.3.2 Selected Portion TestFollow the general proce- 8.1 in-line moisture meter; moisture content; moisture
dures of 6.3.1 for conduct of the test with the exception thameters; wood

7.1 Precision—For an in-line meter, with samples that are
free of moisture gradients and in the MC range below the fiber
ﬁgturation point, readings corrected for species and tempera-
tures typically have a coefficient of variance of 5 % or less.
7.2 Bias—For an in-line meter, bias is dependent on the
b tandardization and calibration procedures in this standard.
election of bias targets for judgments of performance ad-
equacy are user driven, as noted in these test methods, because
in-line meters are often judged against other measurement

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY

The numbers following the XI prefix indicate the paragraph single standard on moisture content of wood, Methods D 2016.
in these test methods to which the commentary applies. Subsequently, a third standard, Guide D 4933, was developed
X1.1 Scope—The Rationale for the Test Methods for stanto complete the basic standards set. It was recognized that the
dardization and Calibration of In-line Dry Lumber Moisture ‘in-line” standard would have to be limited to a specific
Meters—The need for these test methods was recognized bproduct (lumber) and a restricted moisture range (consistent
ASTM Committee DO7 on Wood in about 1975, but the with rules writing agency standards) because of the inherent
development was deferred until several basic standards coumplexity of writing a generic standard for all wood and
be completed. Two of these standards, Test Methods D 444&o00d-base materials. However, the standard was written to be
and Test Methods D 4444, were replacements for the originaleneric for all sensing principles rather than restrict it (as was
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done in Test Methods D 4444) to existing commercial pracsponse to the environmental and process variables that are
tices. A major complication was recognized since in-lineevaluated in those tests.
lumber moisture meters may be used in transverse (as in  Appendix X5 elaborates on moisture measurement. It is the
lumber un-stacker moisture meters after kiln drying) or longi-intent of the standard to focus on “normal” moisture gradients,
tudinal (as before or after planers) applications. The inherenfg|atively uniform moisture content along the length of the
value of both types lies in sensing area and physical arranggsiece, and standard lumber characteristics (that is, pieces “on
ment. For example, most transverse meters sense a limiteglade”). However, the standard procedures will provide a basis
portion of a board whereas longitudinal meters can sense all gp, applications outside of these common applications; ex-
majority of the piece. Either sampling approach may be;mples would include rain-wet lumber, lumber with “wet
suitable for a particular product specification. spots”, and so forth, but it is the intent in these instances that
The subcommittee attempted to work with manufacturershe characteristics of these applications be very carefully
of existing meters and other interested parties to assure that thgantified so that the sampling and analysis is suitably designed
standard could be used at many levels: development 0fnd the documentation is comprehensive.
improvement of meters, manufacturing standardization and X1.5 Laboratory standardization and calibration are critical

calibration, within-mill testing, a reference for grading a9€N- o 1o ments of these test methods. It is the intent to prescribe basic

cles, and for users to understand the limitations and variable ements that are essential with some specifics adjustable for
with such moisture content measurement. The Task Group an

Subcommittee also recognized that the scope of the stand pRecific meters (speed, size, species, and so forth). Appendix

(from bench testing to field evaluation) will necessitate revi- and Appenglx X8 prowdg more comment. o
sions and expansion as experience is gained. X1.5.2.1 This paragraph is important because it stipulates

To some degree, the standard parallels Test Methoa%arefm statement of test objectives in advance of the test to
D 4444 in a numbe,r of specifications. One obvious andgensure that sampling will be adequate and the needs of the

important difference in the in-line standard is that the materiaPUbsequent analysis are considered.
is moving through a Sensing area. Therefore, methods are X1.5.2.2 This section SpeCificaIIy eliminates many common
included to test the meter under dynamic conditions to detefvood characteristics from a laboratory calibration in order to
mine the effect of feed speed at typical operating conditions ofnhhance definition of meter capability under controlled condi-
the indicated moisture content. In some cases, the measuré@ns. At the same time, latitude is provided where objectives
MC values can be quite different from static specimen measoO specify.
surements. X1.5.2.2.4 This section introduces the concept of adequate
X1.3 Terms—Fhese test methods are designed to incorpoglobal sampling when it is desired to make a claim of a
rate many technologies; however, the requirements are devespecies calibration”. As stated in these test methods, this is
oped based on capabilities of meter systems commercial igonsistent with ASTM practice when a value derived from a
2001. standard is claimed to “represent” a species. When samples of
X1.3.3 Longitudinal and TransverseFerminology encom- & species do not meet the “global” strategies recognized by
passes current industry technology. The generic term area ofASTM Committee D07, the limitations of the sampling shall
piece in which the meter is responsive to moisture content make so stated.
be described by various industrial terms but is intended to X1.5.3 Many industrial meters have the primary purpose of
reflect the sensing patterns of any meter to which these tesiccepting or rejecting pieces of lumber on the basis of
methods are applied. estimated moisture content. Some also indicate the moisture
X1.3.5 Meters— is necessary to distinguish between content, values which may be used to monitor dry kiln
meters that display moisture content and those that accept performance, while the primary function remains accept/reject.
reject lumber pieces based on selected trigger levels. Meté&gample selection and analysis are specific to the type of meter
complexity, field evaluation and applications often differ for function.
the two types of meters. Meters designed to indicate moisture X1.6 Field Standardization and EvaluatioriFhis section is
content may be used as accept/reject meters if so instrumentegksigned to be carried out in mill or other field-type applica-
however, it is the intent of these test methods that both aspecf®ns where the environment is not controlled and there may be
of a dual purpose meter may be evaluated with these tesimitations on instrumentation. It also recognizes different
methods. objectives for field tests and cautions that the sampling, the
X1.3.8 Standardzation and Calibrationferms that link testing, the analysis and the conclusions are contingent on
meter performance to specific tests and to the sequence ahderstanding and designing the study to meet the objective. If
standardization followed by calibration. See Appendix X4. clear wood response is desired, tests in selected portions of the
X1.4 Appendix X2 is referenced to indicate the laboratorypiece can be used. If the response to wood containing many
and field tracks of the standard are distinctly different andcharacteristics like knots is desired, the full-piece methodology
should be identified in applying the standard. It is intended thatan be applied. The moisture content used for comparison with
field standardization and evaluation be applied to meters thdahe meter is termed the “Basis” measurement, referencing Test
have been previously subjected to laboratory standardizatiodlethods D 4442 and D 4444. However, the method of apply-
and calibration. Meters that have not been laboratory tested iimg the basis measurement is keyed to the test objectives. For
accordance with these test methods may have unknown rexample, monitoring of dry kiln performance may require a
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different approach than if the desire is to replicate the results ahterpret results of a kiln charge for steam leaks in the kiln,
a moisture audit of a unit of lumber. adequacy of kiln sticker placement, and so forth, as well as
In many instances, field standardization and evaluation areverall drying performance. As a consequence of these many
performed on a species group rather than specific species, aHges, the “evaluation” of this section emphasizes collection of
on lumber having defects, grain orientation deviation, andlata relevant to carefully designed objectives. The evaluation
moisture gradients that are typically found in processing, an@f the data depends on the use(s) intended, but may include
in a physical environment difficult to duplicate in laboratory actual calibration of the meter to a product, a statistical
testing. Consequently, laboratory and field tests may nostatement about the adherence of the product to a moisture
provide identical results. standard, or regular assessment of the quality of drying. Field
X1.6.1 Field standardization usually is conducted with stan/€SPONSse testing often includes the effect of lumber character-

dards provided by the meter manufacturer; however, théstics othe( th.an “clear wood” in t_he in-line meter response.
standard permits other methods. When the in-line meter response includes these variables, the

design of the evaluation must acknowledge the sample selec-
I];'i(g‘pn parameters since these may have a significant effect on the

moisture comparison base against which the meter will bgnalyyg of the test data and on the conclusions of the
evaluated can be established in different ways, even within thEvaluation. ) o

scopes of the reference standards Test Methods D 4442 andX1.6.3.1 All of 6.3.1 is devoted to the objective of evalu-

D 4444. If it is desired to make the comparison on a “cleardting the response of an in-line meter to carefully selected
wood” basis only, this can be so-stated in the objectives anf0rtions of lumber passing through the sensors. Because of this
reflected in the basis measurement. On the other hand, the bak§us on selected areas, the statement of objectives (6.3.1.1),
can reflect empirical choices of location, either full-piece orthe specimen selection and preparation (6.3.1.2) and the test
portions of pieces, each of which will be evaluated against th@rocedure (6.3.1.3) must be carefully designed in advance and
basis method chosen. both the meter and the basis measurement.

While basis moisture content values may be obtained in X1.6.3.2 Section 6.3.2 TOCUS.eS on evaluation of an in-line
several different ways, depending on the meter type, equipmef€ter response to the entire piece of lumber. In some meters,
available, and degree of accuracy desired, these measuremelti$ response is an integration of systematic sampling along the
have variability that should be considered when calibrating atength of the piece by one sensor or by an array of sensors in
in-line meter. Total moisture values from a cross-sectiorlose proximity; the frequency of sampling may vary by meter
obtained from oven-dry measurements may require multiplélesign. In other meters, multiple sensors may be employed that
sampling within the lumber portion in the sensing zone. Subsedre displaced from one another; the signal of the sensors may
samples from single or multiple reading instruments, such aBe combined to simulate the “full-piece” response. Again,
hand-held meters may be required. Multiple measurements §2mpling rate may vary by design. The objectives of the
either means are recommended to obtain reasonable accursRyaluation obligate careful sample selection and testing; how-
and to identify unusual variations of moisture content in the€Ver, the choice of basis measurement is critical, as discussed
specimens. in 6.3.2.

X1.6.2.1 Full-Piece Basis Values¥he difficulty of obtain- X1.6.3.3 This section provides only general guidance for
ing an estimate of the full-piece moisture scan by a metefathematical analysis of the test results. Tradition has often
through a multiplicity of Test Methods D 4442 and D 4444 employed regression analysis with little or no attention to
based readings should not be underestimated. Often a prelimjariability about the mean trend. Methods of analysis other
nary test is useful to determine the statistical variations in théhan regression may be appropriate, depending on the objec-
localized readings so that an “estimate” of an integratediVeS, the number of variables for which response is desired and
reading is meaningful. Samples that represent the typicdhe anticipated application of the results. Regardless of the
moisture distribution, wood characteristics and environmentanethod used, the suggestion is made that Practice D 2915 be
conditions are important to obtaining a useful estimate of thélsed as general guidance for understanding and selecting
integrated reading. It is also understood that the typical Testonfidence levels and methods of presentation of results.
Methods D 4442 and D 4444 moisture estimates will not X1.6.3.4 Conclusions-Again, emphasis that conclusions
include some of the material scanned by the in-line meter (suctelate to goals set for performance as well as all planning and
as knots, decay, and so forth). Consequently, selection of agxecution of tests.
estimate of the full-piece (integrated) moisture level for the X1.6.3.5 Report— is anticipated that this report may have
basis must be conditional on, and reflect, the sources of err@jifferent uses, depending upon the objectives of the test
associated with this choice. program. For example, a within-mill test may result in docu-

X1.6.3 Evaluation of Field Responsdn-virtually all instal-  mentation regarding current process control; a test conducted
lations of an in-line meter, an evaluation will be required at thgointly with a third-party agency may provide the basis for a
installation site to determine its applicability. Uses vary widelyformalized calibration. Consequently, the report format and
and, in fact, more than one “use” may be made of a meter in theontent should reflect the objectives of the test. In all cases,
same installation. An example would be the need to relate theowever, this report should contain enough detail to permit
output of the meter to the audit results obtained by a third-partye-analysis of data and substantiation of results if called upon
inspector and, with the same in-line meter output, be able tat a future time. It is important to emphasize that different

X1.6.2 Basis Moisture MeasuremeniHhis is a critical ele-
ment of these test methods because it recognizes that t

10
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observations are likely to result from use of hand-held meters X1.6.4 Evaluating Field Response (Accept/Reject Meters)—
versus oven dry for the basis measurements in 6.2 because Tiie reasoning behind the standard sections on accept/reject
inherent differences in the methods. Likewise, the optionsneters mirror the reasoning applied for the moisture measuring
presented for evaluation (6.3.1 and 6.3.2) likely will yield meters in X1.6.3. The major difference between the methods
differing results because of underlying differences in teswill be found in selection of specimens and the mathematical
assumptions. These differences may not be large; howeveanalysis of results. The latter (6.4.4) requires use of analyses
since the impact must be evaluated by the user, the report muappropriate for pass-fail type tests, sometimes termed qualita-
reflect all observations, particularly as a reflection of thetive performance, most likely employing tests of proportion
objectives set in 6.3.1.1 and 6.3.2.1. accepted, and so forth.

X2. FLOW CHART FOR IN-LINE METERS STANDARDIZATION AND CALIBRATION

LABORATORY

5

Standardization | ——__"" Calibration
(5.1) (5.2) (5.3)

N

MC indicators Accept/rejec
meters
(5.2) (5.3)
FIELD
(6)
Standardization —— Evaluation
(6.1) (6.3) (6.9)

O

MC indicators| | Accept/reject
meters
(6.3) (6.4)

FIG. X2.1 Flow Chart for In-line Meters Standardization and Calibration
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X3. SENSING PRINCIPLES

X3.1 A number of techniques can be used to estimate the X3.1.3 Microwave Frequency SpectruriThese systems
moisture content of wood; the following sections provide aoperate at frequencies between 1 GHz and 50 GHz, and
brief list and accompanying explanation. While some specifi¢gesponse relates to the nonpolarizing rotation of water mol-
sections of these test methods may need adjustment to fit tiegules in the material.
operating characteristics of a particular technique, it is the X3.1.4 Infrared Frequency SpectrumThese systems oper-

intent of the standard to provide procedures and guidelines fate with wavelengths between 1 and 20 um. The system
all techniques listed. response relates to the interfacial interactions within water

i molecules in the specimens.

X3.1.1 DC-Audio Spectrum-For these meters, the fre-  y3 1 5 Nyclear Radiatior-Absorption/reflection of energy
quency is less than 30 kHz, and the system responds to theg,m radioactive sources. Sensitivity to moisture depends on
gross motion of free ions. the radiation source and radiation adsorption of the woody

X3.1.2 Radio Frequency Spectrumlhese systems operate material. Some systems use combined neutron/gamma sensing.
at frequencies between 100 kHz and 50 MHz; response of the X3.1.6 Combined TechniquesA number of the above
systems relates to the energy loss in polarizable moleculagchniques can be combined to improve discrimination and/or
(primarily in water in the material). bias.

X4. STANDARDIZATION AND CALIBRATION

X4.1 Standardization—Fhe purpose of standardizationisto  X4.3 Application:

determine the response of the instrument to a reference y, 3 1 sequence-Standardization precedes calibration.
material. The reference material is assumed to have constafibe flow chart shown in Appendix X2 gives the sequence of
electrical properties within the testing environment and, CoNtegiing and the relevant sections for both types of in-line meters
sequently, the response of the instrument to this mate”a(lmoisture indicators and accept/reject meters).

SthUId not ctha.nglj(.a O\I/er (tjlme.thln othgr v;{O{gs,f\t/\r/]hep E[he X4.3.2 Standardizatior-Similar laboratory and field stan-
reference material 1S placed in the sensing field ot the INSUUg, iz ati0n can be applied to both types of meters.

ment, any changes in the instrument reading from previous X4.3.3 Calibration—Separate procedures are recom-

reading can be assumed to be a change in the instrument, not ;
the reference material. mended for the two types of meters. Actual wood specimens

are used, having been prepared to meet criteria that specify

X4.2 Calibration—Calibration is used to determine the both the wood quality and size/shape variables that represent
relationship between a standardized measuring instrument afide basis for calibration.
the moisture content in a desired subject material, based on aX4.3.3.1 Calibration of Moisture Indicators-These proce-
standard reference such as Test Methods D 4442 or D 4444.dures are used for meters that have moisture content readings
is used to determine precision and bias of an instrument anas an output. A meter calibrated by these methods may also be
accept/reject levels. Calibration is typically done by determin-adapted for accept/reject operation.
ing the functional relationship (for example, using regression X4.3.3.2 Calibration of Accept/Reject MetersThese pro-
technique) between the moisture content determined by eedures are used for meters that are only for accept/reject
standard reference method and an observed instrument meaperation. A meter calibrated only by these methods is not
surement. considered acceptable for moisture content output.

X5. MOISTURE CONTENT DISTRIBUTIONS ADDRESSED WITHIN THE STANDARD

X5.1 Uniform—Essentially constant moisture content result from specific processes and/or drying schedules. “Typi-
throughout the specimen as obtained through equilibration agal levels” refers to the moisture content range for which the
specified levels of constant temperature and relative humiditymeter is expected to produce useful data or the range in which
In laboratory calibration (both for moisture indicators andit js expected to operate. The average moisture content of a
accept/reject meters given in Section 5), only conditionetiece is controlled by the moisture distribution through the
specimens are used to establish meter accuracy without thgickness and along the length of the specimen, while the
influence of moisture variations (gradients). average moisture content for a sample of pieces is dependent

X5.2 Typical Moisture Levels and Gradientdeisture  ©" variation in average moisture content between specimens.

content distribution and variation within and between pieces
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X5.2.1 When determining the moisture content of a piece, it X5.2.2.1 If material to be processed deviates from relatively
is often assumed that whatever the gradient, the moistureniform moisture content as discussed above (for example,
content level is uniform along the piece; consequently, oftermaterial containing “wetwood” see Appendix X8), it is the
only a few measurements (sometimes one) are made t@sponsibility of the person performing the meter evaluation to
characterize the moisture content of a piece. This characterizadetermine the most suitable procedure to meet the specifica-
tion is suitable for reference to an in-line reading only undertions for the specific product being processed. If these test
circumstances where it is clearly acknowledged that limitednethods are used to evaluate a meter under such “abnormal”
readings are a suitable reference. conditions, the deviations must be fully documented if refer-

X5.2.2 The type of moisture gradient can differ with the €nce is to be made to these test methods. As an example of how

drying process. For material dried with conventional kilnSuch procedures can be developed, see foofnote. .
schedules where equalizing and conditioning are not per- X5.2.3 In laboratory testing, determination of the basic
formed, the immediate gradient after drying would be expectedhysical response capability of the meter is often a primary
to be parabolic, with the maximum value at the center of thedoal. Variability of moisture content both in the cross section
piece. In contrast, material which has been equalized and/@nd along the piece is not desirable as it may confound critical
conditioned might have a uniform moisture content or ameasurements. Consequently, wood is often equilibrated to
reversed parabolic gradient. The gradient in high temperatur@liminate the influence of variability. Guide D 4933 provides
drying (dry-bulb temperatures greater than 100°C/212°F) quit§uidance on equilibration.

often deviates from parabolic. Whatever the case, it is impor-

tﬁl’lt thaLthe Callbratlgnhbe dohnehon material representa.tl;]/e ol's Beall, F. C., Parker, R .S., and Kaluzny, S. K., “Development of a New Lumber
t a.t tO € processe' through the meter, cor!5|s.tent. with thgnsacker Moisture Meter,” In: Proceedings 34th Annual Meeting—Western Dry
definitions of the moisture content level and distribution. Kiln Association, 1983, pp. 37-47.

X6. AIR GAP COMPENSATION

X6.1 It is important for manufucturers of in-line moisture sated area. This test shall be repeated for combination of all
detecting systems, as well as end-users, to understand tkizes of wood and moisture contents mentioned above.
relationship between the physical location of the wood while
being measured and the position of the sensor. Some sensorsX6.3 Special attention shall also be given to the readings
require direct physical contact with the wood (contact sensorsjhat the sensor produces as the wood is entering and leaving the
while other sensors permit the wood to be varying distancesensing area. If extremely high or low readings (obviously

away from the sensor and still perform accurately (non-contadfcorrect) are produced, the instrument may have a means of
sensors). suppressing the incorrect information, via software, or some

other method. These tests shall be run for all combination of

X6.2 For non-contact sensors, the range of the woodvood mentioned above in all regions of the air gap compen-
locations where correct measurements will be recorded igated area.

called the “air gap compensated area”. In order to determine

the air gap compensated area, a person shall take pieces 0fX6.4 Grounded feed and take off rollers may have a major

wood and physically move the wood to different locations nexteffect on sensor readings and air gap compensation for some
to the sensor and record the readings. The reading of the woa#gnsor designs. As the wood moves along the conveyor system
in the air gap compensated area shall not change more thalne bouncing effect may cause readings to become erratic. Test
+X %. This exercise shall be carried out on the wettest and theach sensor design for grounding of rolls on the in-feed and

driest wood the sensor is specified to work on, as well as woodut-feed. Simulated rolls may be moved closer and closer to

in the middle of the moisture range. This test shall be repeatethe sensor with the roll grounded and ungrounded until a

for the thickest, the thinnest, the widest and the narrowesthange of x % is recorded. This process identifies the allowable
pieces of wood. Also, the wood may be able to be tipped (fodistance between the roll and the sensor. It is important to

example, one end closer to the sensor than the other end) in amngpeat these tests with all combinations of wood mentioned in

direction as long as the wood remains in the air gap comperthe section above.
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X7. ANALYSIS OF IN-LINE MOISTURE METER PERFORMANCE UNDER DYNAMIC CONDITIONS

X7.1 Introduction—This procedure applies to empirical end). Ensure that this orientation is used for each and every
laboratory and field testing where there is relative movemenpass through the sensing system as the speed of the system is
between the lumber and the sensing system, thus requiring tlibanged. To ensure that the same regions of the board are
meter system to respond dynamically. The purpose of dynamimeasured during each pass, mark the position of the specimen
testing is to determine the change in system response (sensonsth respect to the mechanical system. This can be done by
processor, and software algorithms) to dynamic conditionsysing index marks on the specimen relative to some convenient
using static measurements as the basis for comparison. Dyeference such as the transport system (for example, chains).
namic laboratory tests are designed to evaluate responge noted in X7.2.4.1, orientation control precludes study of the
without the influence of processing variables such as moistureffect of orientation.
gradients, defects within the material, fluctuation of ambient X7.2.5 Processing Speed
conditions (temperature and relative humidity), and so forth. A X7.2.5.1 Longitudinal Flow—Since longitudinal moisture
common purpose of dynamic field testing is to developmeters are normally installed in-line with the planer, the
sensitivity information under specific, limited operational con-processing speeds may vary over quite a large range (300 to
ditions in order to establish operational decisions regardin@ 500 fpm). It is therefore important that the range of speeds of
product performance requirements. These operational dedinterest be evaluated to determine the dynamic affects on meter
sions may include the influence of processing variables exresponse. It is recommended that a minimum of three test
cluded from the laboratory tests. This Appendix is a guidelinespeeds be chosen and that the incremental rates represent
because of the empirical nature of the tests and a wide variegpeeds of commercial interest. Both the minimum and the
of possible applications. It is hoped that the user of these teshaximum speeds of interest should be among those chosen for
methods, cognizant of this empiricism, will use this Appendixevaluation. For meters capable of both very low and very high
as a guide to formulate an appropriate test system specific &peeds, three incremental speeds are likely not adequate for
anticipated meter use. analysis.

X7.2 Dynamic Laboratory Evaluation: Note X7.1—Meters designed for specific speed ranges should be

X7.2.1 Establish ObjectivesEstablish the objectives of ©valuated within these ranges.
the testing, including specimen criteria (for example, unifor- X7.2.5.2 Transverse Flow-Transverse systems normally
mity of moisture content, size, density, species, and so forth.yun at much slower speeds (50 to 500 fpm) than longitudinal
range of operating speed, and environmental conditions. Thgystems. In order to measure the dynamic effects over the
nature of the system (whether the application is a moistur€ntire range of speeds expected, it is recommended that the
content indicating system or an Accept/Reject moisture sensingfowest processing speed (perhaps 50 fpm) be used initially,
system, and whether the meter will be used in longitudinal oivith incremental increases up to the maximum speed expected
transverse applications) may influence the objectives. in application.

X7.2.2 Standardization and Calibratier-Although the X7.2.6 Moisture Indicating Systesn this case, the system
purpose of the process may be a dynamic evaluation, it i¥ill be used to provide accurate estimates of moisture content
recommended that this be carried out only after the system h&§ross a range of values from dry to wet, based on the

been standardized and calibrated using static methods dépecimen criteria established in X7.2.1.
scribed in 5.1 and 5.2. X7.2.6.1 Specimen SelectienUsing a meter meeting the

X7.2.3 Environmental Conditions-To the degree possible requirements of Test Methods D 4444, select sufficient speci-
and consistent with X7.2.1, environmental conditions such agens to fully represent the criteria established in X7.2.1, and
temperature, sun vs. shade, air movement, humidity, and sepver the moisture content range desired to be indicated. The
forth, should be held constant. Alternatively, these variables, ispecimens should be uniform in moisture content along their
measured and controlled, can be treated as variables in t#@ngth, and be straight and free of characteristics that affect
analysis because they commonly are an operations issue in tRgoisture measurement (knots, rot, pitch pockets, and so forth)
industrial environment. Deviations from the objectives chosertnless these are explicitly included in the criteria of X7.2.1.

should be recorded for use in analysis and reporting of testhe specimen length should be such that the specimens are
data. adequately supported during processing to maintain correct

X7.2.4 Specimen Positioning positioning relative to the sensing region (clearance, align-

X7.2.4.1 Longitudinal Flow—With the specimen lying flat, ment), and be longer than the sensing area over which the
mark the top surface of the end that will be fed into the sensospecimen will pass. Since there are common materials vari-
first. Ensure that this orientation is used for each and every pag®les (density, knots, and so forth) that may act together to
through the sensing system as the speed of the system irfluence the moisture content readings, it is recommended that
changed. Note that this is not a test of the sensitivity of theseveral specimens be selected at each moisture level within the
system to product orientation; for that objective, the orientatiodmoisture content range.
would be purposely altered. _ _ Note X7.2—Note that the use of specimens uniform in moisture

X7.2.4.2 Transverse Flow-With the specimen lying flat, content is not intended to evaluate any operational algorithm used to
mark the top surface of the end that is nearest the operator (zetaverage” varying moisture content along the length of the piece. Also,
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meter system sensitivity to peak moisture content against “averagefevels of “dryness”), 15 % MC (American Standard Lumber),

background moisture levels (such as wet-spots) is not evaluated. Varig-g o5 MC (laminating stock), or 19 % MC (American Standard
tions in these procedures can be made to evaluate these and Oth_elﬁmber)).

operational variables; however, also see Appendix X8. . . . .
X7.2.7.1 Specimen SelectienUsing a meter meeting the

X7.2.6.2 Recording Static Resporsé\ moisture content  requirements of Test Methods D 4444, select sufficient speci-
reading is taken under static conditions as the comparative baggens that are within a few percent of the critical moisture
against which the dynamic reading will be compared. If thecontent to fully represent the criteria established in X7.2.1. The
meter has a data-recording device such as a computer or dajgecimens should be uniform in moisture content along their
logger, record the moisture content with the specimen locatefgngth, and be straight and free of characteristics affecting
in accordance with X7.2.4.1 or X7.2.4.2. If there is nomoisture measurement (knots, rot, pitch pockets, and so forth)
recording device, determine the reading from the displayunless these are explicitly included in the criteria of X7.2.1.
system. For a longitudinal flow meter, several static readingFhe specimen length should be such that the specimens are
may be required along the length of the specimen in order tadequately supported during processing to maintain correct
determine the moisture content with which to characterize thgositioning relative to the sensing region (clearance, align-
piece. ment), and be longer than the sensing area over which the

X7.2.6.3 Recording Dynamic Respors@®ased on the pro- specimen will pass. Since there are several variables (density,
cessing speeds selected in X7.2.5.1 or X7.2.5.2, adjust thdefects, and so forth) that may act together to influence the
speed to the initial value selected. Send the specimens throughoisture content readings, it is recommended that several
the sensing zone in the orientation chosen in X7.2.4.1 ospecimens be selected at each moisture level within the
X7.2.4.2. Record the average moisture content reading indimoisture content range. See Note X7.2 concerning pieces with
cated by the system for each specimen. Repeat the test at eawdn-uniform moisture content.
of the speed settings selected, recording the average moisturex7.2.7.2 Recording Static Resporse\ moisture content
content of each specimen. For the transverse system, this is @#lading is taken under static conditions as the comparative base
average of the values obtained for each of the sensing headggainst which the dynamic reading will be compared. If the
Continue to process the specimens at higher speeds until thgeter has a data-recording device such as a computer or data
critical speed is reached at which the indicated moisturgogger, record the moisture content with the specimen located
content for the specimens is different from the static readingsh accordance with X7.2.4.1 or X7.2.4.2. If there is no moisture
obtained in X7.2.6.2. This is designated the roll-off point, andcontent recording device, determine the reading from the
is considered the limiting speed for the system. display system. For a longitudinal flow meter, several static

Note X7.3—Under laboratory conditions, the moisture content of thereadlngs may b.e required _along the Iength of th.e specimen in
test specimens may change if the test series is extensive. To maintain tRéd_er to de_term'ne the m0|stgre Conte_m with which _to ?hara(_:'
specimens at consistent levels of moisture may take special care. terize the piece. Where there is no moisture content indicator in

. . . the system, static readings (see 6.2) will necessarily be the
X7.2.6.4 Presentation of Dynamic DataDetermine the paqis’for static response of the accept/reject meter.

difference between the dynamic and static average moisture

content for each specimen throughout the speed range meaNote X7.4—The concept of a static response for an accept/reject meter
sured. Average these differences at each speed, and p]’étvalid for the meter itself_ only if _there i_s a moistu_re content _display._
specimen feed rate versus indicated moisture content differendgfters used only as sorting devices without a display require static

to develop the performance curve. If the moisture measureme eEadlngs on each piece of lumber with hand-held mete_rs to dete_rrmne that
e lumber is adequately selected to address the sorting capability and to

differences at the various speeds are also influenced by theide the basis for “the maisture content’ of each piece; the sorting
moisture content level, develop performance curves for each Gfficiency will be based only on acceptance/rejection percentages of pieces
the moisture levels for which the measured differences (dyusing these hand-held meter readings.
namic versus static) are not equivalent. Alternative methods of
?on?rll)és:jsiflfr;?:aund;z;moatljys/sélrs:/ggvanance to determine Comr'bunongessing spegd_s_ selected in X7.2.5.1 or X7.2.5..2, adjust the
_ o speed to the initial value selected.. Send the specimens through
X7.2.6.5 Action—The dynamic response data from the ne sensing zone in the orientation chosen in X7.2.4.1 or
laboratory tests offers information for comparison of metery7 2 4.2, Record the accept/reject decision indicated by the
performance. In addition to the speed limitations related &ystem for each specimen. Repeat the test at each of the speed
roll-off, the effects of specimen movement and other operasettings selected. For the transverse system, the values are
tional variables can provide the basis for recommended opegptained for each of the sensing heads. Continue to process the
ating procedures. specimens at higher speeds until the critical speed is reached at
X7.2.7 Accept/Reject Metersin this application, the mois- which the accept/reject ratio changes more than an acceptable
ture measurement system is only required to determine if themount, compared to the accept/reject ratios from the static
material meets or exceeds the allowable moisture contemtadings obtained in X7.2.7.2. This is designated the roll-off
programmed into the system. It is most efficient to evaluate th@oint, and is considered the limiting speed for the system. If it
dynamic response of the system using material that is within & desired to test the sensitivity of the system at different
few percent of the critical moisture content normally used inaccept/reject moisture levels, rerun the specimens through the
operations (for example, 10 % MC (typifying lower reject system resetting the trigger level appropriately. A set of

X7.2.7.3 Recording Dynamic Responrs@&ased on the pro-
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specimens with a lower or higher distribution of moisture X7.3.4.2 Transverse Flow-With the specimen lying flat,
content may be required as the trigger levels are readjustedmark the top surface of the end that is nearest the operator (zero
Note X7.5—The moisture content of the test specimens may change i nd). En.sure that this orientation is used for eaCh. pass through
the test series is extensive. Maintaining the specimens at consistent lev |ge sensing system as th_e speed of the system is changed. To
of moisture may take special care. ensure that the same regions of the board are measured, mark
the position of the specimen with respect to the mechanical

X7.2.7.4 Presentation of Dynamic DataDetermine the %stem. This can be done by using index marks on the
i

Soifrfet;]eenCsZr?lg?év?ﬁpoLZigz{]?r?;icagg?oztr?gtz e:;)(:eeepc;/ rr‘;jﬁg; ra}lEih ecimen relative to some convenient reference such as the
difference is a measure of the bias of the system, accepting thea;;?g Iiystem .(for Sexamdple, chains).
static values as the basis for judgment. One way to visualize """ roces_s'”g peeds ) o .
the performance is to plot feed speed versus the accept/rejectX’-3-5-1 Longitudinal Flow—Since longitudinal moisture
ratio to develop a performance curve. Examine the performeters are normally installed in-line with the planer, the
mance of individual sensing heads in transverse systems befopECCessing speeds may vary over quite a large range (300 to
averaging across sensing heads to gauge overall system péR00 fpm). It is therefore important that performance be
formance. Statistical analysis of accept/reject data requires u§¥aluated over the entire range of speeds of interest. If more
of methods appropriate to qualitative (enumerative) data (pas§l@n one operating speed is anticipated, it is recommended that
fail, hit or miss, percent defective, and so forth). the system be evaluated at the lowest processing speed
X7.2.7.5 Action—The dynamic response data from the initially; then the processing speed mcrgased in increments of
laboratory tests offers information for efficiency of the meter 300 fpm up to the maximum expected in the application.
system performance and the speed limitations related to X7.3.5.2 Transverse Flow-Transverse systems normally
roll-off. Additionally, the effects of specimen movement and run at much slower speeds (60 to 300 fpm) than longitudinal
other operational variables can provide the basis for reconsystems. In order to measure the dynamic effects over the

mended operating procedures. entire range of speeds expected, it is recommended the
evaluation start initially with the lowest anticipated speed, with
X7.3 Dynamic Field Evaluation: incremental increases of 50 fpm up to the maximum speed

X7.3.1 Establish Objectives-Establish the objectives of expected in Fhe app"‘?a“‘_’”' .
the testing, including specimen criteria (for example, unifor- X7-3.6 Moisture Indicating Systern this case, the system

mity of moisture content, size, density, species, and so forth)’,"'” be used to provide accurate estimates of moisture content

range of operating speed, and environmental conditions. SpecicT0Ss a range of values, based on the specimen moisture
men criteria may also include concepts of grade and machinin riteria established in X7.3.1. The target moisture output value
quality, therefore separate test series may be required t°M the system may be the average of each piece or an
address all the mill variables. A decision as to whether théX{reme value (for example, the highest or lowest value) along
application is a moisture content indicating system or arfl€ PI€Ce (or a combination). _
accept/reject moisture content system, and whether the meterX7.3.6.1 Specimen SelectieaUsing a meter meeting the
will be used in a longitudinal or transverse application will requirements of Test Methods D 4444, select sufficient speci-
influence the process. mens to fully represent the criteria established in X7.3.1, and
X7.3.2 Standardization and CalibratiorThe dynamic test Ccover the moisture content range desired to be indicated. The
should only be run after the system has been standardized afBgecimens should be straight and free of characteristics affect-
calibrated using static methods described in 6.1 and 6.2.  ing moisture measurement (knots, rot, pitch pockets, and so
X7.3.3 Environmental Conditions-To the degree possible forth) unless these are explicitly included in the criteria of
and consistent with X7.3.1, environmental conditions such a&7-3.1. Moisture uniformity must be addressed in selecting the
temperature, sun vs. shade, air movement, humidity, and sgpecimens; that is, if uniformity is expected this must be a
forth, should be held constant. Deviations should be recordegarefully considered criteria. The specimen length should be
for use in analysis and reporting of test data. such that the specimens are adequately supported during
processing to maintain correct positioning relative to the

: o i > ~'sensing region (clearance, alignment), and be longer than the
X7.3.3 would occur if the objective was to evaluate a shift in environ- ensing arga O\Ser which the g ecimgn will pass gSince some
mental conditions that commonly occur during operation, such as g p P )

normal mill temperature change in the sensor location between 5:30 AMV00d variables (for example, density) influence some of the
and 3 PM. Note that such an evaluation requires careful monitoring of th@hysical measurements made to estimate moisture content,
actual condition of interest and addressing standardization changes. Tiggther these variables must be controlled (selected for) in the
Iabora_tory evaluations of Section 5 may more directly address some aéxperimental design or the sample size be sufficiently large to
these issues. attempt to include these variables in a proportion related to that

X7.3.4 Specimen Positioning found in production.

X7.3.4.1 Longitudinal Flow—With the specimen lying flat, X7.3.6.2 Recording Static Responrséd moisture content
mark the top surface of the end that will be fed into the sensoreading is taken under static conditions as the comparative base
first. Ensure that this orientation is used for each and every pasgainst which the dynamic reading will be compared. See
through the sensing system as the speed of the system 6s2-6.4 of the standard. If the meter has a data-recording device
changed. such as a computer or data logger, record the moisture content

Note X7.6—An example of one exception to the constant conditions of
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with the specimen located in accordance with X7.3.4.1 ometer performance is a special challenge; see X7.3.6.4 and
X7.3.4.2. If there is no recording device, determine the pealdppendix X8 for more discussion.

reading from the display system. X7.3.7.1 Specimen SelectienUsing a meter meeting the
X7.3.6.3 Recording Dynamic Respors@ased on the pro-  requirements of Test Methods D 4444, select sufficient speci-
cessing speeds selected in X7.3.5.1 or X7.3.5.2, adjust th@ens that are within a few percent of the critical moisture
speed to the initial value selected. Send the specimens througntent to fully represent the criteria established in X7.3.1. The
the sensing zone in the orientation chosen in X7.3.4.1 ogpecimens should be straight and free of characteristics affect-
X7.3.4.2. Record the target value (for example, the averaggng moisture measurement (knots, rot, pitch pockets, and so
maximum or minimum moisture content reading) indicated byforth) unless these are explicitly included in the criteria of
the system for each specimen. Repeat the test at each of thg 3 1. Moisture uniformity must be addressed in selecting the
speed settings selected, recording the target moilsture Conteméﬁecimens; that is, if uniformity is expected this must be a
each specimen. For the transverse system, this is an average@hefully considered criteria. The specimen length should be
the target values obtained for each of the sensing headgych that the specimens are adequately supported during
Continue to process the specimens at higher speeds until thgocessing to maintain correct positioning relative to the
critical speed is reached at which the indicated moisturgensing region (clearance, alignment), and be longer than the
content for the specimens is different from the static readmggensing area over which the specimen will pass. Since some
pbtame.d in X7.3.6..2..'.rh|s is designated the roll-off point, and,50d variables (density is an example) influence some of the
is considered the limiting speed for the system. physical measurements made to estimate moisture content,
Note X7.7—The roll-off point of a meter may be different for a meter €ither these variables must be controlled (selected for) in the
system designed to output the estimated average of a piece than forexperimental design or the sample size be sufficiently large to

meter designed or adjusted to output only the peak (highest) moisturgttempt to include these variables in a proportion related to that
content of a piece. Thus, to assure that X7.3.6.3 follows the objectives s¢bund in production
in X7.3.1, use of the relevant target moisture content is critical. Multiple '

tests may be required to fully evaluate a system, especially one that offers Nore X7.8—Selecting many specimens very close to the accept/reject
more than one moisture content output. decision point is designed to yield a sensitive assessment of the ability of
X7.3.6.4 Presentation of Dynamic DataDetermine the the meter to make the accept/reject decisions. It does not provide a

difference between the dynamic and static target moisturéeasure of the production yield error anticipated where the location of the
content for each specimen throughout the speed range me cept/reject target point is often at the margin; for example, at the “upper
percentile” of the overall moisture distribution. That assessment

Sure‘?'- Average these diﬁere_nces at _eaCh speed, ‘_”md PiRGuires different specimen selection and analysis.
specimen feed rate versus indicated moisture content difference
to develop a performance curve. If the moisture measurement X7.3.7.2 Recording Static Resporsé\ moisture content
differences at the various speeds are also influenced by tHgading is taken under static conditions as the comparative base
moisture content level, develop performance curves for each gigainst which the dynamic reading will be compared. See
the moisture levels for which the measured differences (dy6.2-6.4 of this standard. If the meter has a data-recording
namic vs. static) are not equivalent. Other statistical methodgevice such as a computer or data logger, record the moisture
may be more appropriate, especially if corrections are desiregontent with the specimen located in accordance with X7.3.4.1
for observed deviations from desired relationships. If one ofr X7.3.4.2. If there is no recording device, determine the peak
the objectives is to determine the sensitivity"teet-spoté of ~ reading from the display system. If there is no display system,
variable size, shape and moisture level above the desire®fatic hand-held meter readings (see 6.2) will necessarily be the
specification, all of the parameters of the test should béasis for performance evaluation.
examined. The presentation of data should clearly indicate the X7.3.7.3 Recording Dynamic Respors®ased on the pro-
limitations of the tests. cessing speeds selected in X7.3.5.1 or X7.3.5.2, adjust the
X7.3.6.5 Action—The dynamic response data offers infor- speed to the initial value selected. Send the specimens through
mation for comparison of meter performance and for evaluathe sensing zone in the orientation chosen in X7.3.4.1 or
tion against product performance criteria. In addition to theX7.3.4.2. Record the accept/reject decision indicated by the
speed limitations related to roll-off, the effects of specimensystem for each specimen. Repeat the test at each of the speed
movement and other operational variables can form the basgettings selected. For the transverse system, the values are
for decision making regarding product characteristics anabtained for each of the sensing heads. Continue to process the
operating procedures. specimens at higher speeds until the critical speed is reached at
X7.3.7 Accept/Reject MeterslIn this application, the mois- which the accept/reject ratio changes more than an acceptable
ture measurement system is required to determine if a piec@mount, compared to the accept/reject ratios from the static
meets a moisture content target requirement programmed inteadings obtained in X7.3.7.2. This is designated the roll-off
the system. This target requirement may be one of severaloint, and is considered the limiting speed for the system. If it
moisture levels and may relate to a mean or an extreme valus desired to test the sensitivity of the system at different
along the piece, or both. It is therefore most efficient to selecticcept/reject moisture levels, rerun the specimens through the
and evaluate the dynamic response of the system using materijistem resetting the trigger level appropriately. A set of
that is within a few percent of the critical moisture target levelspecimens with a lower or higher distribution of moisture
and to also select specimens that represent the stated objectivastent may be required as the trigger levels are readjusted (see
with respect to variation along the piece. Peak value analysis dfote X7.4).
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X7.3.7.4 Presentation of Dynamic DataDetermine the adequacy of the data presentation, and upon the objectives of
difference between the dynamic and static accept/reject ratiabe test, keeping in mind that the recorded observations are
for the sample throughout the appropriate speed range. Thigualitative data and require mathematical treatment designed
difference is a measure of the bias of the system, accepting ther that type of data. Care should be taken 1) §ssess the
static values as the basis for judgment. One way to visualiz@ariability from multiple pass tests to determine the test
the performance is to plot feed speed versus the accept/rejesiapility and to clearly identify equipment capability, a®)i {0

ratio to develop a performance curve. Examine the perfortimit the analysis methods and conclusions to the range of test
mance of individual sensing heads in transverse systems befogga (no extrapolations).

averaging across sensing heads to gauge overall system per-
formance. Statistical analysis of accept/reject data requires usey; g Report—The report on the test should indicate wood

of methods appropriate to qualitative (enumerative) data (Pasghecimen data (size, species, moisture content(s)), operating
fail, hit or miss, percent defective, and so forth). test variables (environment, test speeds, and so forth) and

X7.3.7.5 Action—The dynamic response data offers infor- concluding statistics. The conclusions reached and advisory
mation for comparison of meter performance and for evalua-

tion against product performance criteria. In addition to th comments (for example, procedures, equipment, and specimen

speed limitations related to roll-off, the effects of specimer?“m'tat'ons identified in the test) should be reported. Particular

movement and other operational variables can form the bas re should be taken to express the experimental and analytical
imits of the test. Due to the empirical nature of the tests, the

for decision-making regarding product characteristics an :
results and analysis may not parallel laboratory evaluated

operating procedures. . :
P gp variables nor represent all of the events that can occur in
X7.4 Analysis—Analysis methods applied depend upon thedynamic mill operation.

X8. THE CHARACTERISTICS, MEASUREMENT AND ACCEPTANCE OF WET-SPOTS

X8.1 Introduction—n developing these test methods for ity to water. When subjected to a conventional drying regime,
in-line moisture meters, the Committee recognized that thé¢his low permeability wood retains a high level of moisture
specification of both a rigorous and comprehensive method tehile adjacent, non-infected wood loses moisture at pro-
deal with wet-spots was beyond the current state of knowledggrammed rates. Wet-spots caused by wetwood can be very
For example, the concentration, location, and distribution ofocalized, present in longitudinal streaks, or intermediate in
wet-spots is too variable to be simulated with any degree oflistributional patterns. The size of the wetwood areas depends
accuracy for general, “representative” conditions. The Comen the area infected and the drying time. Wetwood in some
mittee is aware that artificial means can be used to simulatspecies is very persistent, often remaining after several redry-
wet-spots, such as embedding materials containing moisturég cycles.

injecting water into cavities, and adding electrically- . . .
conductive materials, where the type of artificial material to be X8-3 Wet-Spots Resulting from Drying Practic@here are

used is dependent on the principle of operation of the metef";\lso non-wetwood areas of higher moisture content caused by

However, neither the sensitivity and response of meters tHﬁe dry kiln.process.. One of the causes of these Wet-spots Is the
contact point of stickers where, because of no air contact

wet-spots nor the use of “calibrated” artificial wet-spots has quring drvi he localized moi lik
been documented in the literature. uring drying, the localized moisture content may appear like
, a wet spot from wetwood. Other sources of areas of higher

X8.1.1 In many end uses, wet-spots have little effect

o o *Clmoisture content occur when adjacent pieces in the kiln load
however, there are more critical applications, such as Iamlna;,-varp sufficiently to block the air passage between pieces and

ing and end jointing processes that will be subjected to radigyere inaccurate trimming or stickering results in one end of
frequency adhesive curing, where wet-spots can interfere W'tBieces not supported on the kiln stickers.

the process. Because of end-use sensitivity to wet-spots, it Is %8.3.1 Wi | It 1 tast kil hedul
important to have moisture meters that react to the presence of "~ et spots may also result from fast kiln schedules,

wet-spots against the background of the average moistu hgre Iocahzed. areas of lower permeability havg a redyced
level, but that can be adjusted to discriminate so as to not reje ying rate rglatwe to the balance of the load, Ie'adlng tc_) 'hlgher
acceptable material residual moisture contents for these areas. This condition can

X8.1.2 Wet-spots occur for three basic reasons, wetwoodEVen happen with species that are normally considered very

wood characteristics and obstructions in the drying proces:gmermeable, such as southern pine. A version of this occurs with

This Appendix briefly outlines the reasons for these wet-spot ireas of rapidly chan_ging_ density within_a piece, as in a butt cut
and comments on in-line moisture meter concerns. roma log. If the drylng tlmg n the_ kiln is base_d er.agé
material and there is an insufficient equalizing period, the

X8.2 Wet-Spots Resulting from Wetwooler purposes of localized high-density area may have a significantly higher
description of these test methods, wetwood is an area of higimoisture content than adjacent wood.
moisture content that is associated with bacterial attack that has X8.3.2 One characteristic that distinguishes these drying
resulted in an infected portion of a standing tree. This bacterigbrocess related wet-spots from wetwood is the rate of diffusion
infection leads to localized areas, wet spots, of low permeabilef moisture. The wet-spots that originate for mechanical
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reasons or for normally occurring differences in permeabilitysensitivity so that it can be adjusted to allow the producer to
will usually equalize with the adjacent wood more rapidly thanmeet customer criteria. The threshold adjustment must not
occurs with wetwood. Consequently, depending on the holdingffect the precision of the meter in determining the moisture
time after drying, these may have a less severe effect on in-lineontent of the lumber; however, this wet-spot sensitivity may
meter performance. be compromised by the average moisture content of the piece
and speed of operation. In some cases, wet spots can trigger
X8.4 Consumer Acceptancedne of the more perplexing rejection of material as “wets” by the reaction of a single head
aspects of in-line meter response to wet-spots is the genergjthin a multiple head in-line moisture meter system. Some
lack of specifications against which meter performance may bgeters have algorithms that permit averaging or weighting of
measured. Species that have reputation of wetwood problemgpnormal single head readings. However, these algorithms
such as Hem-Fir, attract special attention in the buyer-sellefust be used advisably, since the acceptability of wet spots is
relationship if wet-spots are a problem in secondary manufacighly dependent on the subsequent processing.
ture. An example is in the production of glued laminated beams yg = 1 The characteristics of wet-spots, the lack of general

where radio-fr_equency gluing may be used f(_)r both end'jo_ingpecifications, and need for customer acceptance emphasizes
and face bonding. Wet-spots will disrupt bonding by adsorbing,o neeq for close communication between in-line meter

?bnprmaclj%mountt)s of energy and.ma)‘/‘t;aus% destructl?n of e anufacturers and their meter customers so that needs are
aminated beam by steam expansion (*blows”). Amanufactureg, ety anticipated and procedures are correctly followed.
of wet-spot-prone laminating stock likely will set an in-line

meter to make significant rejections on the basis of individual X8.6 RecommendationFhese test methods provide no
wet-spot moisture content, while striving to meet averageprescriptive procedures for standardization or calibration of
moisture content requirements. This will reduce grade yield ifin-line moisture meters for wet-spot detection. Yet, much of
wet-spots are present but will maintain the moisture qualityindustry relies on the wet-spot detection capability of commer-
needed by the customer. cial meters in daily production. A very desirable, even if
X8.4.1 Lacking specifications on wet-spot acceptance, adimited, addition to these test methods would be a requirement

ceptance of a product that is susceptible to wet-spots becom&¥ @ démonstration of the dynamic response of in-line meters
one of producer-consumer agreement. Often this is semio the “step-change” in moisture content that can occur with

technical at best, relying on acceptable performance of th/€-SPOts. The demonstration could simulate a wet-spot pass-
product for the customer when the wet-spot detection criteri&'9 through a sensing head. It would be important to emphasize
have been set by the producer using trial and error. that very few actual wet-spots could be simulated and, even

with those, a simulated event is only a benchmark. Existence of
X8.5 Wet-Spot DetectionWet-spots have a variety of sizes Such a benchmark would, however, provide some comparative
and shapes, from long and narrow to short and wide; from deelfformation on machine response.
to shallow; from very “rectangular” (from stickers) to irregular  X8.6.1 If, in addition to establishing a benchmark response,
(sometimes from wetwood or poor air flow). In order for a a calibration material or system was developed to allow testing
meter to detect wet spots in a discriminatory manner, it musthe sensitivity of detection at production speed, users would
have a rapid response to localized wet areas. To be effective ftiave a way of assessing the continued viability of wet-spot
the user, it must have a threshold adjustment for controlling theensitivity of their in-line systems.

X9. SELECTION OF SPECIMENS AND EVALUATION OF ACCEPT/REJECT METERS

X9.1 Accept/reject meters are expected to sort lumber intalesired target moisture content. In accordance with the objec-
two classes, one above a target moisture content; the othéves of the calibration, select specimens using a hand moisture
below the target moisture content. The process of specimemeter meeting the requirements of Test Methods D 4444,
selection for these meters and the accompanying analysis gfelect a sufficiently large sample to accommodate the variabil-
their performance is different from meters that estimate moisity of moisture content and physical characteristics within the
ture content. individual pieces that may affect moisture measurement. This
is largely a judgment influenced by both the type of product,
H1e product specifications and the processing history. A pre-
ljinary test may be required to examine the issue of sample

X9.2 Carefully review the objective of calibration to ensure
that specimen selection criteria are consistent with intende
end-use inferences. With the awareness that the instrument
not directly measuring MC but the effect of MC on physical SZ€-
variables, select specimens that provide the material properties x9.3.1 Continue the sampling process until the distribution
desired. of moisture content (as represented by specimens) is relatively

X9.3 The specimens used for calibration should represeerform around the target moisture content.

moisture content levels that vary uniformly about and are
within several percentage points of moisture content from the
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X9.3.2 Calculate the standard deviation(s) of the moistureTABLE X9.2 Results of “Accept/Reject” Testing—Shown for One
content of the sample (as represented by the moisture content Run Only
of the specimens). #f> 2% MC, increase the number of RunNo. Total Specimens  Specimens Accented Specimens Rejected
specimens or discar_d “outliers” to reduge to less than 2 %. ! 0 Correct g?mr (MCp) Correct égor (MCy)
X9.3.3 For a specimen that has a moisture content at or very 25 5 20 0
slightly above the desired moisture content target, adjust the
accept/reject to “trigger” rejection. This should also represent
the mean of the moisture distribution of the specimens (the
sample), see X9.3 and X9.3.1. X9.5.1 The simplest method of assessing the meter perfor-

X9.3.4 As an example, see Table X9.1. Assume a targehance is to tally the accept/reject percentage of the specimens
rejection moisture content of 19 %. The initial sampleZ0,  based on the hand-held meter readings taken on each piece and
designated by “a”) has a meap) (of 16.4 % and a standard then compare this ratio with the ratio determined from the
deviation of 1.8 %. The difference between the set point (19 %)-line meter. This error should be small but the acceptable
and the mean (16.4 %) is 2.6 %. This difference is greater that¢vel will be a choice influenced by end use of the product and
the maximum suggested difference; therefore the sample wéBe effect on product yield.
adjusted with more specimens at a higher moisture content to X9.5.2 The following method can be used to determine any
a new sample set “b” (see Table X9.1). The number ofdias toward one side or the other of the moisture content mean
specimensr() is now 35, andl ands are 17.6 % and 2.2 %, in the meter error.
respectively. The difference between the mean moisture con- X9.5.2.1 Above the target moisture level (also the sample
tent of the sample and the target moisture content for rejectiomean). Determine the average moisture content of specimens
is now judged adequate (1.4 %), howewsds still somewhat in the “error-high” categoryNICg,;) above the targetMCy).
above the suggested limit of 2 %, therefore the specimen sizEhese are specimens that were rejected erroneously as being
is increased again by adding 15 more specimens. The net@0 high in moisture when, in fact, they were in the acceptable
combined sample set is designated “c”. Considering all th&ategory by the hand-held meter measurement. Calculate the
specimensr=50) gives a mean of 18 % and anf 2.0 %, both ~ error by:
now judged adequate to complete the evaluation of the meter in MCqgy — MC; _
the region of the ultimate 19 % production target; however, for —Mc, X 100= percentage error high
the test, the target for accept/reject will be moved to 18 %, SO ggjow the target moisture level (also the sample mean).

the sample will be balanced about the target and no furth&hetermine the average moisture content of specimens in the
sample adjustment is needed. “error-low” category MCg,) below the targetNIC;). These

o . . . specimens were accepted but should have been rejected; they
X9.4 Acquiring Accept/Reject DataFer each specimen in were too high in moisture content by the original selection

the sample that passes the Sensing area of the in-line Metefiteria but were not rejected by the in-line meter. Calculate the
record the accept/reject decision of the meter system. A%rror by:

example of this, continuing the example from X9.3.3, is shown

in Table X9.2. Those specimens tallied in tioerrect column MCTM_ MCe 100 = percentage error low

were correctly identified by the in-line meter (that is, dry if dry Cr

and wet if wet, relative to the 18 % set point), and those tallied Comparison of the two errors provides information about
in the "errof’ column were incorrectly identified. meter bias as influenced by moisture level.

X9.5.3 An analysis can be made of the example of Table
X9.5 There are several ways to tabulate the performance 0f9.2 following the general concept of X9.5.1. The moisture
the meter. The effort taken will depend on the intended use andontent of all specimens is known from the initial selection
the evidence of bias or other influence on the meter perforprocess, using the hand-held meter as the basis. In Table X9.2,
mance. the specimens accepted in error as dry by the in-line meter (5)
were actually above 18 % by the hand-held, that is, too wet
_ _ (MCg)); no specimens were accepted in error as too wet by the
TABLE X9.1 Specimen Data Set Demonstrating One Way to in-line (MCg,,), that is, this error is zero. The data shows that
Adjust the Moisture Content Mean and Standard Deviation the meter is not sorting on 18 % moisture but on a value above
Nore—Samples designated “a”, “b”, and “c” were added, in sequence18 %, thus the meter response is biased. The calculations of
in order to modify the distribution for a slightly higher mean and lower X9 5 2 may also be used to estimate the amount of adjustment
standard deV|at|c_)n. Based on the combined set mean of 18 %, the targgbeded to balance the in-line error if that is desired.
for the acceptireject test was set at 18 %. X9.5.4 Data from an analysis of accept/reject meter perfor-

seta” Sets "a” and "b” Sets "a’, "b", and "¢’ mance should be used with caution. In actual practice, an
n=20 n=35 n=50 accept/reject meter seldom is used where a balanced moisture
E;i_es'“ ;‘:‘21_72'6 E;zl_%o distribution is present. Most often it is used at the margins of
where: a moisture distribution where the goal is to reject an upper or
H =mean moisture content of the sample, lower tail, a significantly smaller proportion of material may

s = standard deviation of the moisture content of the sample, and

1= number of specimens. exist on one side of the target value than on the other. Further,

the histogram of moisture content may show severe skewness
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in this region. Consequently, an equal error on both sides of the X9.5.4.2 The tally and analysis above are based on accuracy
target in the above example may be of limited relevance ilmeasurement and not on operating strategy. The operating
practice. strategy (percentages of “defective” deemed acceptable) de-
X9.5.4.1 Other wood variables are often not uniformly pends on prevailing grading standards and/or customer require-
distributed within a production line of product. A typical ments including whether a direct MC measurement (Test
example is density. Dense wood dries more slowly than lesMethods D 4442) or an inferred MC (Test Methods D 4444) is
dense; in a moisture distribution of product, more moisturehe measurement basis and the quality system in effect.
may be aligned with more density. However, when the meter is

applied at the margin of the moisture distribution and if the , ;
meter sample selection and analysis. Other analyses may be chosen to

meter Is also mﬂu?nced by the d‘?”s'ty (or Other WOOdmeetspecificobjectives. Similar analyses may be carried out for meters to
variable), the result is a need to consider the practical CONS&e judged on peak moisture measurement; however, the selection of

quences of production application of the accept/reject metegpecimens will be more difficult, and reference to Appendix X8 is
when applying the results of this Appendix. recommended.

Note X9.1—The above example is only for illustration of accept/reject
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