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ABSTRACT 

Iligli-cluality radiogra~lls of \\,ood samples can br produc~;.rl for intra-ring :;pecific 
grn\it)- st~tdics 11sing an X-ray scanning nrachine. '4 hydranlic system is used to l~rovitle 
constant-speed and vil)ration-free niotion for scanning tree-ring samples up to 4 feet [ I  .22 n11 
long. Stationary esposnrt3s Gin I)c made from distanccs of 11p to 7 feet [2.13 m].  Wood- 
s a ~ ~ ~ p l ( ~  prcpar:ltion and X-ray fil~n-processing techniqllcs are descdbcd. 

iicitlitioi~al kerjtoords: in-nrotion radiogl-nphy, X-ray densitometry, specific gra~rity, tlendro- 
clironology, wood dcusitp, annual g r t n ~ t h  incrrments. 

An X-ray scanning ~naclii~ie has been 
dr~vrlopecl to produce radiographs of tree- 
ring sanlples that can 1)e 11sed to obtain 
accnratr ~ n r a s ~ ~ r e ~ n e n t s  of intra-ring specific 
gravity.' In-nlotion radiography is used to 
prodncr X-ray negatives of \vood samples 
that are scanned on a densitometer de- 
scril~rd separately (Parker ct al. 1973). 

Previous research ( Polge 1963, 1966; 
Echols 1970: Parker and hleleskie 1970) 
has demonstrated that higl~-quali t~ radio- 
graphs of tree-ring samples are obtained 
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only if the X-ray bean1 penetrates the \\rood 
sample ill a direction parallel to the wood 
grain. This condition is approximated for 
short wood sanlples if the X-ray sourco is 
positioned a considerable distance fro111 the 
specimen and fill11 to reduce par;~llax distor- 
tions. However, the best results are ob- 
tained (particu1:~rly for long samples) if 
the wood specimen and film are scallned 
in a radial direction from one end to the 
other by a narrow X-ray bearn. IZy this 
method radiation penetrates the wood in 
the desired direction irrespective of satnple 
length. 

The in-motion or scanning technique is 
used in industrial radiography to produce 
high-resolution radiographs of large itr,ms 
(Ifopkins, no date).  Experiments were con- 
ducted by Parker and Meleskie (1970) to 
produce radiographs of tree-ring samples 
by the ill-motion tecliniclue. Echols (1970, 
1971) has l~uil t  several X-ray scanning 
inacllines for wood-quality studies and 
McNeely et al. (1973) also use the scar~iling 
technique to produce radiographs for tree- 
ring analysis. 

The X-ray scanning machine described 
in this article has been in operation at the 
Western Forest Products La1)oratory since 
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1971. Staljle X-ray emission and constant 
scanning speed are required if radiographs 
of tuiiforrn background are to 1)e produced 
1)y the in-~uotion teclniicp~e. Constant-speed 
a n d  \,il~ratio~i-free traversing of a wood 
sa~nple and film under an X-ray 1)earn is 
o1)tained 1)y tlie use of a hydraulic system 
powered l)y a weight. The scanning speed 
is regulated 11y a series of valves that act 
as dampers in the hydraulic line. 

A nunrber of factors call affect the quality 
of X-ray negatives, such as fluctuation in 
supply voltage to the X-ray generator, size 
of bea~n-restricting slit, moisture content of 
wood, lack of nniforn~ity in sample thick- 
ness, film-processing ~nethods, and sarnple- 
preparation techniques. These factors were 
considc.red in the design and operation of 
tllc X-ray scanning ~nac l~ inc  described here. 

X-IiAY SCANNING AIACHIhli: 1)ESIGS 

The X-ray scanning machine is designed 
for 1)otll in-niotion and stationary racliog- 
raphy. It is shown ill Fig. 1 with com- 
lx)nents~n~nd)erecl  in parentheses I~elow. 
In thc scanning tecl~niquc, n colliinated 
1)citni of X-radiation (20 kL7p ant1 2 mA) 
is e~nitted through a 0.33-inch-wide [8.3Y 
~iirn] slit ( 4 )  onto the tree-ring san-~ples 
( G ) ,  density calibration wedges made from 
plastics or paper (S ) ,  and the X-ray fill11 
( 7)  tliat are located 12.5 inches L31.75 cm] 
1)elow tlie 0.33-mn~ focal spot of the X-ray 
generator (13) ,  which is a 110 kVp unit 
with a 0.254-mm-thick beryllium window. 
Tlic specimens, fihn, and desiccator ( 1) 
are supported by a 4-foot-long [1.22-m] 
carriage (24)  that travels at a uriifornl 
spccd 1)eneath the X-ray unit. The X-ray 
generator and beam collimator (3) are 
normally positioned so tliat tlie X-ray bean1 
is aligned perpendicularly to the top surface 
of the transport carriage, hut the X-ray 
~ u ~ i t  pivot (14)  can be used as recluired to 
alig~r the bean1 with the long axis of the 
longitudinal tracheids of conifers and ves- 
sels of angiosperms. A 150-pound [68-kg] 
weight ( 11) is used to Inovc tlie carriage 
to \vhich is fastened the pistoil of a lly- 
drnulic cylillder (23) that forces fluid 
tlrrol~gli a constricted opening. Tlie speed 

of the carriage during X-ray exposure is 
controlled I)y llydraulic valves with orifices 
of different sizes (32) ,  and tlie normal 
scanning speed is 2 inches [5 cm] per 
n-iinnte. An electric motor and hydraulic 
punip unit (36)  are used to return the 
carriage to the ready position. A large 11y- 
draulic-fluid reservoir (33) ,  located al~ove 
all other components of the hydraulic sys- 
tem, serves to keep air out of the lines 
(31)  aild dissipates heat generated in the 
fluid by the punip. A11 AC power condi- 
tioner (28) stabilizes voltage to the X-ray 
generato t. 

For the statioslary technique, radio- 
graphs of tree-ring samples are made by 
positioning a wood speciillen ( 16) on X-my 
fihn (17)  placed on the adjustable shelf 
( 19 ) directly beneath the X-ray generator 
(13) .  Exposure distance is adjust:lble up 
to a distance of 7 feet [2.13 rn]. For this 
ted~nicjue, the X-ray bean1 collimator ( 3 )  
is removed and the transport cctrriage (24)  
is positioned to one side, so that it does not 
obstruct the X-ray beam. Stationary expo- 
snres have been made on film u p  to 14 >< 17 
i~~cl les  [36 x 43 cni] in size and with wood 
s:tmples up to 5.5 inches [14 cm] thick. 
A typical exposure for an air-dry, 2-111111- 
thick sample \vould be 2 minutes at 20 kVp 
and 2 111.4 at a distance of 4 feet [1.22 in]. 
This method is used to make radiographs 
with large inlages showing relative \.aria- 
tion in k17ood density, moisture co~ltent dif- 
ferences, location of extractives, areas of 
decay, etc., rattler than the high resoll~tion, 
narrow images of wood samples that arc 
protluced by the sealining technicluc, for 
accurate de~rsity analysis. 

Autonlatic operation for botl-I the ill-mo- 
tion and stationary exposure tc:ehniq\lc*s is 
obtained by use of the X-ray scanning- 
~nachine co~ltrol unit (25) .  The solc~ioicl 
valves (30) on the hydraulic lines, the 
safety and carriage control switches ( IS) ,  
the timer (26) .  the X-ray generator control 
unit (27) ,  aird  noto or and plirnp ~ ln i t  (36)  
are all operated from this central control 
unit. Tlie X-ray generator ant1 traversing 
system are enclosed in a light-tight and X- 



X-RAY SCANNIKG MACHIYE 

FIG. 2,. (1. Specimcn tlt.siccator used during X-ray tsxposrlre, b. stepped wedge of known density for 
calil)ration of \vood sprcific gravity, c .  ~ilowtted and sl~l.faced trer-ring sample, (1. X-ray negati\,c> ( in-  
~llotion \-c~c.huicliic), e .  trei.-ring width-density plot. 

ray opaque, lead-lintit1 cabinet (38) with sisting of wood blocks, 5-mni increment 
a sliding door ( 39) . cores, or %-inch [1.6 cm] cores, are 

n~ounted between two sticks of wood (Fig. 
SAAII'LE 1'HE:I'ARATION 2c)  with the grain in the nlounts aligned 

Thr. tech~iiques of field collection and radially with respect to wood of the 
tnounting of tree-ring samples are tllose tree-ring sample. This moiinting tech- 
used, 1151 the Geologicc~l Survey of C:uilada nique provides stability for surfacing, 
( Parker 1970). Tree-rii~g spcci~nens, con- X-ray exposure, labelling, and storage 
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of specimens. Tlie molwtcd samples are 
fed between a pair of metal-slitting cir- 
cular saws of a device constnlcted for this 
purpose (Kusec 1972). This method pro- 
duces a specinlen with the smootli snrface 
and uniform thickness recluired for accurate 
determination of density. The prepared 
speciineims are 2 inm thick ( * 0.0025 mm 
\\lithill a sarnple and i 0.005 inm between 
s:uilples), transverse cross sections nor- 
nrally extcndi~~g from thc vicinity of the 
pith toward the bark ( Fig. 2 ) .  The speci- 
Inen identificatiolr ilrnnll~cr and thickness 
are recorded on  thc fihn 1)y writing these 
~lrulll~ers on the specimen mount wit11 an 
X-ray opaque, lead-based paint before X- 
ray exposure. 

- 

A common procedure usecl l)y \ome lab- 
oratories using X-ray densitoinetry is to 
conditio~l samples to 8 to 12.2 tnoistllre 
contclnt. \I'e have decided to ovt.11-drv 
sanlples after mounting and keep thein ill 
this condition during X-ray exposure. The 
reasons for this are: ( a )  Under different 
conditions of moisture content, there is 
differential shrinkage l~etween earlywood 
:uld latewood, causing variant changes in 
voltune that affect specific gravity; ( b )  It  
is difficult to maintain unifomm conclitions 
ot lnlmidity and temperature from clay to 
day tor ~iioisture content conditions other 
than tlic oven-dry state; ( c )  If moisture is 
present i t r  a tree-rii~g sa~rlple during X-ray 
exposure, it is difficult to determine the 
amomnt of radiation a1)sorl)ed by water and 

tor was 1)uilt to hold both a tree-ring sainple 
and an) X-ray filin during esposure, in order 
to mai~itain ove~l-dry conditions ( Figs. 1 
:1nd 2tr ) . 

L1lriform S-ray filiii development is re- 
(illired to assure the accurate measllreinent 
of i~rtra-ring density by X-ray deusito~netry. 
'Tlw Eastman Kodak Co. recommends 
gnseot~s-111lrst agitation to attain the most 
rlnifonn developinent ( Eastman Kodak Co. 
113613). Large tanks werc built to handle 
tlie three sizes of X-ray film used, which are 
3 ' b  x 17 i~ichrs [9 x 43 cln], 8 X 10 inchcs 

[20 x 2.5 cm], and 14 x 17 inches [36 x 43 
cln]. A gaseous-burst agitator was built for 
the film-developing tank and connected to 
an automatically controlled nii:roget~-burst 
system. Filin-processing tanks are placed 
in a temperature-cot~trolled waterjacket. A 
fine-grained, high-resolution, single-emul- 
sion X-ray film is used. If double-emulsion 
film is used, an undesirable offset image 
will be produced if the X-ray generator is 
pivoted to accominodate those tree-ring 
samples wit11 misaligned tracheids. 

The X-ray negatives are examined on a 
light table with a low-power 1)inocular 
microscope, and the years of the a~ltlual 
rings are annotated on the fil~n. 

The X-ray scanning nlachine described 
ill this paper was built to product: radio- 
graphs of tree-ring samples for densito- 
metric analysis by both in-motion and 
stationary techniques. The advantage pro- 
vided by the scanning technique is avoid- 
ance of the parallas effect by using a colli- 
mated beam of X-rays to penetrate the 
sample parallel to tlie longitudinal tracheids 
along the entire length of the specinlei). 
Constant-speed and vibration-free travers- 
i~rg  are providecl by a liyclrai~lic system. 
Stahle X-ray emission is enhai~ced by the 
llse of an AC power conditioner. Sample 
preparation ~ m d  film processing techl~iclues 
also are important considerations ill the 
protluction of radiographs to be usecl for 
i~rtra-ring specific gravity determination. 

E . ~ S ~ . X I A N  K O D A ~  0. 1969. Radiograph) in 
nlodern intl~istry. Eastii~:ln Kodak Co., 
Hadiog. Xla1.k. Div., Hochcxstcr, N.Y. 160 pp. 

E(:IIOLS. R. hl. 1970. hioving-slit ratliography 
of \ ~ o o d  sa111~11es for incremental ilrr.;i\ure- 
~ncnts. P,igtts :34-36 ilr J .  11. C .  S111itl1 a11d 
J.  Lliorlall, cds. Llnivrrsity of British <:olllni- 
l)i;l, ';1c111ty of Forestry, Rt111. 7, V;lnco~~ver. 

ECIIOL,~, II. XI. 1971. Patterns of wood density 
distri1)iition and g~.o\vth rate in pondt.ros;l 
pine. I'roc. Symp. Eff. C;ro\\~th Accel. l'rop. 
Wood. U.S. For. Prod. Lab. hlndison, Wis. 
12 pp. 

~ L O P K I Y S ,  W. K. No date. In-motion mdiogr;lphy 
;IS vir\\rd and app1ir.d lly the I,oc~!il~eed- 



X - I ~ A Y  SCANNING XIACIIINE 187 

C;co~-gi;i Co~rlpauy. 1,ockheed-C;eorgia Co., 
hlarietta, (;:I. 15 pp. 

K[rs~.:c:, 11. J .  1972. T\\ ill-bladr saw for precision 
~ ~ ~ ; ~ c h i n i n g  of increll~,%nt c.ores. Wood Filler 
4 (  1 ) :44-49. 

\!(:NEEI.Y, H., 1. NEALE, 11. BENKEL, J. KUSTES- 
I3rrllc: AS]) J .  TEIUS~IAE.  1973. Stndies in 
drndrochronology KO. 1. Application of X- 
ray dt.nsiton~c.tr~ in tlrnclrochronology. Rrock 
lini\,. Dept. (;eologic,:~l Sci. Res. Rept. Ser. 
N o ,  l(i. 30 pp. 

I'.\IIKEI{, M. L. 1970. I~enclrochronologici~l tech- 
nicliles used I)y tllc~ Geological Sur\.ey of 
Canada. l'ages 55-fit; ill J .  H. G. Stnith and 
J. \Irorrall, eds. University of British Coluln- 
Iia,  F;~clllty of Fol.r>try Hl~ll. 7, Vancor~ver. 
i Also (;rol. Silrv. Can. 1971. I'ap. 71-25. 
:30 1,g. ) 

PARKER, M. L., AND K. K. MELESKIE. 1970. 
Preparation of X-ray negatives of tree-ring 
specimens for dendrochronological analysis. 
Tree-King Bull. 30( 1-4 ) : 11-22. 

L'AHKEH, hf. I,., 1. SCHOORLE~IMIER, ANlJ L. J. 
CARVEH. 1973. A computerized scanning 
dtmsitometer for automatic recording of tree- 
ring width and density data from X-ray nega- 
tives. \frood P7il)er 5 (  3 ) :237-2.48. 

POLGE, 13. 1963. L'analyse densitom8triclue de 
c1icht.s radiographiques. Ann. Bc. Natl. Eaux 
ForGts Stn. Hech. Exphr. 20(4):533-581. 

POI,CE, H. 1966. Rtablissement des courbes de 
variation de la densit6 du bois par exploration 
dt.nsitonli-triqr~e de radiographies d'echantil- 
Ions pr6levi.s h la tarikre sur des arbres 
vivants. Applications dans les domaines 
technologique et physiologique. Ann. Sci. For. 
23 ( 1 ) : 1-206. 

Obituary 

Dr. 13ror 1,. Grondal, professor emeritus 
of Forestry at the University of Washing- 
ton, widely kno\vn in forest products re- 
search, died 12 March 1974, at the age of 
84. fle served on the College of Forestry 
facl~lty from 1913 to 1959 after rect:iving 
his 13..4. degree from 13cthnny College, Kan- 
sas, ant1 his 1I.S.F. from the University of 
IVashington. Ile received an honorary 
11.S~. fi.o~u Bethany. In  1950 he was named 
the outstanding University of \Vashington 
Forestry Alll~nnlis of the Year, being cited 
as an authority on wood structure. t le  in- 
vented tlne opposed-fan dry kiln and was 
co-inventor of a chernical wood pulping 
process, ?The Red Cedar Shingle Krlreau 

printed Inore than a nlillion copies of his 
100-page h;indbook on red cedar shingles. 

Ilr. C;rondal was chairman of the con]- 
mittee that drafted the Articles of Associa- 
tion and Hy-laws to originate the Forest 
lJroducts Research Society, and when that 
organization was founded in 1947 he was 
elected Past Chairman in lieu of the pres- 
ent office of I'ast President. He was active 
in Sigma Xi and was a past national presi- 
dent of Xi Sigma Pi, as well as being a char- 
ter member of the Society of Wood Science 
iuntl Technology. He was also a life Inem- 
ber of the Swedish Forestry Association. 

I-Ie is survived by his wife, Florence Arnl- 
strong C:rondal, a daughter, Mrs. D. J. Rob- 
]>ins, and a son, H. P. Grondal, all of Seattle. 




