The machining process of the European Douglas Fir:
the surface quality
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Introduction

The first grown American Douglas fir timber was appreciatedurope for furniture and
joinery. An increase in price and a lack of availability of tlmsber during the last years,
necessitated that a substitute be found.

At present, the Douglas fir is becoming an increasingly impotitauier resource in Europe.
In fact, growing quantities of timber coming from artificial Bpean plantation are available,
but it should be pointed out that in these conditions the Douglas fifast grown species.
The fast grown timber properties are definitely different from first gromber.

The fast grown European timber presents large annual rings. Whihinng the latewood
density is high (0.9+1) while the earlywood density is very low (0.8)s Tiuge difference
affects quality of the surfaces after a machining process gaging and spindle shaping
machining) and therefore the quality of final products is unsatsfactn fact the usual
process conditions (such as feeding speed, rake angles of the towlg, roaterials, etc.) are
not suitable for machining this type of timber. Hence, apparentliftinepean resource may
not be suitable to substitute for the American one for the furnitodej@nery industry.
Nevertheless the surface quality of the European resource mawptme/ed through a suitable
machining process.

The goals of our work are the following: i) to study the defectstal@® ordinary machining
process; ii) to measure the force of the tools in relationship tvé timber density and the
surface defects; and then iii) to improve the process paramateygler to achieve an
acceptable quality of the surfaces. The results of the first task are sgeumarthis paper.

1 The surface quality

The quality of the timber surface resulting from a machining gocan be easily evaluated
through a binary judgement like “I do/l do not like it”. This empiricedthod, which is by the
way very effective, allows few statistical data processieltbeless the human synthesis is
able to summarise effectively the influence of different propersuch as texture, colour,
brightness, roughness, thickness regularity and many others. Some preodeaigebeen
proposed to improve the effectiveness of the visual and tactile methods.



By contrast, various machine able to measure the different prepddeseribing the surface
quality have been developed. The machine methods are able to measurphsysioal
parameters more or less strictly correlated with the surface quality.

Finally, it should be noted that “surface quality” is a property twidepends upon various
factors. It change according to the wood species, to the final udee &poch, and to other
variable parameters.

1.1  Visual Method

The machining tests have been standardised by ASTM D-1666-87. The proqedsszged
in this standard cover such common operation as planing, shaping, turning, inanitiging
and sanding. It includes practical methods for qualitatively evaluatigyinterpreting the
results, through a grading method describing the quality of surfaces.

A similar method for evaluating the planing process was conceivégtogcchi (1987). It is
based on the ASTM standard with some improvements and adaptations.

1.2 Machine evaluation
The surface quality can be evaluated by using both direct and indieghbds. The most
important direct procedures are the following:

roughness profile (Talysurf by Rank Taylor Hobson, Perthometer by Mehr PertherstSurfte
501 by Mitutoyo and others);

profile visualisation by means of a laser ray (Topovise developedBy BB, [Duchanois

et al., 1996));

surface visualisation (DICOM system, EDIXIA system based oma-ulolet rays
[Gouttebelet Sauvignet, 1994]).

The indirect measurements are based on the pressure or friction:

pressure variation measured upon the changes of the relative vacutirod(iméoduced
by the CTBA for evaluating the veneers [Marchal, 1983]);

« tactile control by means of friction measurements (Toposurf byTEH)JDuchanois et
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al., 1996]).

Material and method

Each test specimen was visually examined carefully for pladéfects after each run. The
machine used for testing was an ordinary planing machine with the following chatmaste

i) r.p.m. 6500; ii) rake anglex= 30°; iii) clearance angle=20°; iv) feeding speed 8 m/min
(only for the thickness planing).

The planing characteristics were classified by visual examination drahe of five grades as
follows:

Grade 1, excellent;

Grade 2, good,;

Grade 3, fair;

Grade 4, poor;

Grade 5, very poor.

According to Petrocchithe Grades 1 and 2 should be always accepted. By contrast from
Grade 3 up to 5 the machined timber could be rejected, according to final useschimenga
defects are described by the standard according to various defectc types, as follows

the raised grain is a roughened condition of the surface of timber in which the hard
latewood is raised above the soft earlywood but it not turn loose of it;



» thefuzzy grain is due to small particles or groups of fibers which did not seearlglin
machining but which stand up above the general level of the surface;

» thetorn grain is the part of the wood torning out in dressing;

» thechip marks are the shallow dents in the surface caused by shavings that hagedcl
the knives instead of passing off in the exhaust as intended.

The procedures adopted are completely described in section 11 of ASTBdE=87. Some

adaptations according to Petrocchi were adopted (different MC,atiffeutting deep, more

data collected). An example of the Sample Data Sheet usechingptasts is given in Table

1.

The timber surfaces were graded into three groups according tocthieence of timber

defects able to induce machining defects, as follows:

» the Defect Free Timber (DFT) was the area of the board witirober defects such as
knots and grain deviations. It described the machining defects due liadiceproperties
of the species (such as the anatomy) without the influence of the timber defects;

» the Timber with Defect (TwD) was the wood on which the machinifigctie were related
to the timber defects occurence. We took into account only the timfestsi@ble to
induce machining defects, such as the knots and the grain deviatiorctixetpaoted as
"Kn" and "GD" in Table 1). This allowed us to relate the machiniefgcts to the timber
defects;

» the Whole Board Grading (WBG = Defect Free Timber + Timbigh Wefect), was the
group describing the whole board. The grade was carried out fromRReaid TwD
groups by choosing the worst defect found. This allowed us to obtain a geswmalption
of the board.

For the Chip Marks no difference due to the timber defects wersaged, so the grading

was directly performed according to the Whole Board Grading. The wtaehnining defects

(Raised Grain, Fuzzy Grain and Torn Grain) will be shown in thell®esoth according to

the DFT/TwD groups and according to the WDG group.

N° Specimen | Machining Machining defect Machining defect Machining defect Chip Anatoical
defect-free Raised Grain Fuzzy Grain Torn Grain Marks Section

DFT TwD DFT TwD DFT TwD WBG
defect | timber

free with whole

timber® | defect® board®
1 13A1 SU 2Kn® T
2 13A2 GIU 3 3 3GDY 3 T

Table 1- Example of Sample Data Sheet used in planing tests
@ DFT = Defect Free Timber;
@TwD = Timber with Defect;
® WBG = Whole Board Grading (defect free timbeimbter with defect);
@Kn = defects related to the occurence of Knots;

® GD = defects related to the occurence of Grami&ion

A sample of 131 boards of French Douglas fds€udotsuga Menziesii Franco, var.
Menziesi) 1 m length, 100+-240 mm wide, 40+45 mm thick sawn from 8 trunks of the same
standing. The boards were planed up to a thickness of 30 mm.



On each board, one face was machined by a surface planing machieehelapposite one
were machined by a thickness planing machine. Only the faces werertikandount and no
observations on the edges were made.

3 Results

The description of the sample N° %
_rpag:lhlr;ed parallel to the grain is |n N° of boards 131
able N° surfaces evaluated 262 | 100%

An amount of 20.6% of the faces wgas - -
without timber defects and it w KI of faces without timber defe¢ts54 | 20.6%

graded as DFT (defect-free time\ N° of faces with timber defects 208 | 79.4%
according to Tablel. surface planing 129 49.2%
Of the 54 faces analysed, 15 (27.8 t4) thickness planing 133 50.8y%
were without machining defects. Bg}'able 2 - General description of the sample
contrast only the 2.4% of the faces dRachined parallel to grain

which some timber defects occurred

were without any machining defect.

3.1 Boards without timber defect
In Table 3 the machining

defects and the grades of the 5éRADE Raised Grain | Fuzzy Grain | Torn Grain
faces completely defect-free aje

reported. S = -

The raised grain did not resultfa N % N % N % |
relevant defect (Grades 3, 4, B: 1 o1 94.4 28 51.9 30 55.6
5.6%), while the fuzzy grair 2 0 0 17 31.5 I 13

(Grades 3, 4, 5: 16.7%) and the_ 3 2 3.7 9 | 167 13| 241
torn grain (Grades 3, 4, 4 1 1.9 0 0 4 7.4

31.5%) affected the surfaces fo__ 9 0 0 0 0 0 0

a greater degree. 1,2 94.4 83.3 68.5
Few differences were founf 3, 4,5 5.6 16.7 31.5

between the surface planing anFI
the thickness planing on the
whole sample: 32% of faces machined b

surface planer were whithout machining defe¢iSrADE |Raised g| Fuzzy g.| Torn g.
only the 23.1% machined by a thickness plaher

ble 3 -Grading of the faces without timber defects

were completed whithout machining defects. % % %
In Table 4 the machining deft-?-cts and the grac (-,:s Surface planing
of the 54 faces «defect-free timber» according-to
. . 91 71,2 100 85.7 71.4
the type of machining are summarized. 3 45 0 143 586
The raised grain did not result a relevant defeet— - : - :
\ Thickness planing

for thickness planing (Grades 3, 4, 5: 11.6%)
while the same defect did not occur during thel. 2 88.5 80.8 65.4
surface planing. 3,4,5 11.5 19.2 34.6
For both the processes the fuzzy grain (Graded &le 4 - Grading of the faces without

4, 5: 14.3+19.2%) and the torn grain (Grades 3timber defects according to the type of
5: 28.6+34.6%) turned out to be more relevant. planing machine




3.2 Boards with timber defect

On 79.4% of the faces some timber defects occurred. On these boafalsethevere graded
into both DFT (defect-free timber) and TwD (timber with defgcaéscording to the timber
defect occurrence. The global evaluation of the face was expresded the group WBG
(Whole Board Grading = Defect Free Timber + Timber with Defect).

3.2.1 Defect-free timber (DFT) in defective boards
In Table 5,the machining defects and the grades of the 208 faces on which odmutiretie
area without timber defects and the area with some defects are reported.
The raised grain did not result a relevant defect (Grades 3, 4, 5), 3vB¥e the fuzzy grain
(Grades 3, 4, 5: 21.2%) and the torn grain (Grades 3, 4, 5: 36.3%) affectedrftmes
significantly.
In Table 6, the machining defects and the grades of the 208 faces with sober tlefects
according to the type of machining are summarized. The raisedagrased a relevant defect
neither for surface nor for thickness planing (Grades 3, 4, 5: 2+4.7%)oHothe processes
the fuzzy grain (Grades 3, 4, 5: 15+26.7%) and the torn grain (Grades 33614536.6%)
tuened out to be more relevant factors.
On the defect-free timber, the thickness planing gave a bettetygguaface than the surface
planing. Moreover no huge difference was found between the surface quality of thdrdefec
area in defective boards and the surface of the boards without any timber defect.

3.2.2 Timber with defects (TwD) in defective boards
The timber defects affecting the surface quality are maindyknots and the grain deviation.
As shown inTable 7, the main machining defect was the torn grain which affected 56.1% of
the faces.
In Table 8 are reported the results according to the type of planing procesfiuge
difference was observed between the surface planing (torn grain in 56.884es) and the
thickness planing (torn grain in 59.8% of faces). Raised and fuzzy djchinot influence the
surface quality.

3.2.3 Whole board grading (WBG )
The global evaluation of the faces was expressed as Whole Boadth@srThe grade was
carried out on the boards by choosing the worst defect found between teenzitnember
defects and without timber defects. It provides a global description of the board.
In Table 9 are reported the machining defects observed on the boards. The raisedas
not a relevant machining defect. It affected only 3.8% of facesfuidzg grain affected the
quality of surfaces to a greater degree (22.2% of the board .fades)most significant
machining defect was definitely the torn grain, which was found o®3t&% of the board
faces.
Finally, in Table 10 are summarized the machining defects and the grades of the 288 fac
according to the type of machining. No difference between surfacth@kdess planing for
the raised grain was found. The fuzzy grain proved more relevaritef@utface planing; the
low grade (3 to 5) faces achieved the 28%. Less fuzzy grain sié1&c©%) were found after
the thickness planing. Finally no difference was found between the anmglprocesses for
the torn grain.
The chip marks are reportedTiable 10 This defect affected the 21.1% of faces. This proved
more relevant for the thickness planing (24.4%) than for the surface planing process (17.6%).



GRADE |Raised g| Fuzzy g.| Torn g. GRADE |Raised g| Fuzzy g.| Torn g.
% % % % % %
1 95.3 50.5 53.3 Surface planing
2 14 28.3 10.4 1,2 98 73.3 63.4
3 2.8 18.4 29.7 3,4,5 2 26.7 36.6
4 0 2.8 6.1 Thickness planing
5 0.5 0 0.5 1,2 | 953 85 63.6
1,2 96.7 78.8 63.7 3,4,5 4.7 15 36.4
3,4,5 3.3 21.2 36.3 Table 6 - Grading of thearea defect-free

Table 5 -Grading of the area defect-free

timber (DFT) according to the type of

timber (DFT) on the faces with timber ggzgg\/e E:)Oai:rzzs’ carried out on the
defects
GRADE |Raised g| Fuzzy g.| Torn g. GRADE |Raised g| Fuzzy g.| Torn g.
% % % % % %
1 99 97.2 7.6 Surface planing
2 0.5 1.4 36.3 1,2 99 99 46.5
3 0 1.4 34.9 3,4,5 1 1 53.3
4 0.5 0 19.3 Thickness planing
5 0 0 1.9 1,2 100 98.1 40.2
1,2 99.5 98.6 43.9 3,4,5 0 1.9 59.8
3,45 0.5 1.4 56.1 Table 8 - Grading of thearea with timber

Table 7 -Grading of the area with timber

defect-free (TwD)

defect (TwD) according to the type of
planing process

Table 9 -Whole board grading (WBG)

GRADE |Raised g| Fuzzy g.| Torn g. GRADE |Raised g| Fuzzy g.| Torn g.
% % % % % %
1 94 50 6.6 Surface planing
2 1.9 27.8 23.6 1,2 97 72 31.1
3 2.8 19.3 46.2 3,4,5 3 28 69.3
4 0.5 2.8 21.7 Thickness planing
5 0.5 0 1.9 1,2 95.3 84.1 28.7
1,2 96.2 77.8 30.2 3,4,5 4.7 15.9 70.4
3,4,5 3.8 22.2 69.8 Table 10 -Whole board grading (WBG) of

the defective boards according to the type
of planing process



Grade 1 2 3 4 5 1,2 |3,4,5

both process 60.5 18.4 17.7 3.4 0| 78.9 21.1
surface planing 58 244 | 145 3.1 0] 824 | 17.6
thickness planing 63 12.6 | 20.7 3.7 0| 756 | 24.4

Table 10 -Chip marks grading

3.3  The knots influence

The machining defects have been also analysed in relationship wikhdheccurrence. The
observations were made both in the area within the knot and in tharaueal the knot. The
machining defect due to the knot occurrence was always the torn grain.

The main results are summarised in Tebles 11 (defects within the knot areand 12
(defects around the knot).

The majority of knots were intergrown (66.8%). Most of them presemie $issures. The
occurrence of fissures caused the rupture of small knot partiabledyas torn grain. 23.9% of
the knots were dead and some of them presented fissures.

The smallest group (9.3%) was represented by the knots with bark. fEty icould be
considered as dead knots, they have been observed separately becalifserehtabehaviour
in relationship with the effect of machining. No fissures were faoartle knots with bark .It
was observed that the machining defects were related with the fissuresrumurre

The machining defects within the knot area were mostly in thegnoten knots group (57%,
mainly due to due to the occurrence of the fissures) and in the deadjiowqig41.4%). Few
knots with bark (10.4%) presented machining defects.

The machining defects around the knot were found in the dead knots group (B2 )tlae
group of knots with bark (41.3%). The smallest group with machining deveassthe
intergrown knots (30.3%).

GRADE | Intergrown Dead knots | Knots with

knots bark
N° % N° % N° %
1 72 17.2 53 35.3 | 38 65.5
2 108 | 25.8 35 23.3 14 24.1
3 116 | 27.7 23 15.3 2 3.4
4 87 20.8 10 6.7 0 0
5 36 8.6 9 6 0 0
1,2 43 58.6 89.6
3,4,5 57 41.4 10.4

Table 11-Machining defects within the knot area. The knots
are divided according to three groups: intergrown knots, dead
knots and knots with bark



GRADE | Intergrown Dead knots Knot with

knots bark
N° % N° % N° %

1 35 8.4 8 5.3 7 12.1

2 257 | 61.3 64 42.7 27 46.6

3 97 23.2 57 38.0 18 31.9
4 27 6.4 21 14.0 5 8.6
5 3 0.7 0 0.0 1 1.7
1,2 69.7 48 58.7
3,4,5 30.3 52 41.3

Table 12 -Machining defects around the knot

4 Conclusion

The Douglas fir presented some defects due to the machining probessiain machining

defects were the fuzzy and torn grain on both the specimens wibertidefects and

specimens defect-free. The chip marks poorly affected the sugtedty. The raised grain

was never a relevant defect. The occurrence of a timber defedtly knot and grain

deviation) was often related to the machining defects. The syfacmg provided the best
quality surface, particularly for the torn grain defect. The thiskn@aning, even if it caused
more machining defects, generates less fuzzy grain defect.

Therefore the machining of the Douglas fir carried out on an ordplangng machine was

not always satisfactory. In fact the occurrence of timber tlefed the density properties on
this species often caused various machining defects. Hence, apptrerlyropean resource
may not be suitable to substitute for the American Douglas fithrfurniture and joinery

industry. Nevertheless the surface quality of the European resoaycbanmproved through

a suitable machining process. In order to achieve an acceptable gfidhie surfaces, the
machining process for this species should be improved by changing saneesigas of the

process such as feeding speed, rake angles of the tools and new cutting materials.
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