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Fig. 7 Assortment of surface roughness of Beech veneer (x6)
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Studies on Rotary Lathe Cutting Report (1)
Effect of cutting conditions upon the quality of Japanese beech (BUNA) veneer

Gen-ichi NAKAMURA

(Résumé)

This paper describes the results of a rotary veneer cutting of Japanese beech
wood to ascertain the effects of several important factors on the quality of veneer
produced. The variables studied under the rotary-cutting process were veneer
thickness, cutting angle, and horizontal and vertical opening of the nose-bar. The
qualities of veneer produced under several conditions of cutting angle and nose-bar
pressure are indicated by the maintenance of uniformly true thickness, lathe checks
or tightness, smoothness of the surface, and tensile strength perpendicular to the
grain. The experiments in this report were performed to make veneer cutting on
short, cylindrical sections, crosscutting from a well-selected material of medium
quality, instead of on full-size veneer bolts.

By using such short disks, it is possible to investigate with the uniform materials
under closely controlled test conditions.

The test specimens were heated in water at 50—80°C for 10—24 hours, and then
these disks were fastened to only one spindle chuck by a cutting core that was
pressed on another spindle chuck of the lathe. The lathe knives used had a hardened
carbon-steel cutting edge and were carefully ground and hone-finished by hand.
When first positioned in the carriage, the knife was adjusted so that its edge was
horizontally in line with the spindle center and its face was truly vertical. The
angles referred to in Fig. 1, as the ““cutting angle” were 18°, 21° and 24° respectively,
and each clearance angle was zero degree. The test specimens obtained from 3 Beech
bolts were cut into 1, 2, 3, 4 and 6 mm veneer in thickness for each cutting condition.
When the nose-bar was first mounted in the lathe, its tip was set coinciding with
the knife edge, then slid back along the oblique guide of the nose-bar.

To permit the precise determination of the horizontal opening on the lathe, a
microscope with low magnification was attached to the pressure bar that registered
the horizontal distance between the lower tip of the nose-bar and the edge of the
knife by means of the micrometer scale in its eye-piece. The horizontal nose-bar

opening, or the nose-bar pressure as a variable to be investigated is expressed by
the symbol P, so that

P= It{%

where H is the horizontal opening, and t is the nominal or the scheduled thickness
of veneer determined by the feeding apparatus of the lathe.

The lathe was operated at a speed of 26 revolutions per minute and the test
' specimens were taken within the limits of average diameter from 60c¢m to 30 cwm.
Veneer thickness

On the technical standpoint of veneer cutting, the veneer should be prepared so
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as to hold a uniformly true thickness. The causes of the variation of veneer thick-
ness in cutting lie in the lower accuracy of the lathe parts, such as bearings of feed
screw and main spindle, gear transmission, and cutting properties of wood, but if
the veneer is cut with a sufficiently accurate lathe, the variation depends chiefly
on the last named—the cutting properties.

The test pieces to evaluate the quality factors were taken in the same radial
direction of test specimens from about 4 to 10 revolutions of venéer for each cutting
condition.

The results of the test are shown in Fig. 3, where the measured thickness of
veneer cut is indicated as a function of the horizontal nose-bar opening. The veneer
thickness decreases gradually and then rapidly with the decreasing horizontal nose-
bar opening. This curve indicates that the veneer receives considerable pressure
from the nose-bar, because the distance between the knife and the nose-bar is less
than the nominal thickness of the veneer. In consequence, the veneer is damaged
in its fine structure by excessive pressure, and permanent deformations of the wood
beyond the elastic limit might have taken place.

In this case it is assumed that deformations of the wood are maximum in the
most outer zone and decrease rapidly with inner position of bolts cut. When no
pressure is applied during cutting, the veneer has a larger variation of thickness,
and also generally contains severe lathe checks. Lastly, the adequate range of nose-
bar opening is 80—90%, when 1—6mm thick veneer is cut from Japanese beech
(BUNA) wood.

The veneer cut with the cutting angle 24° is thinner than that with smaller
cutting angles. It is assumed that the compression of wood becomes greater owing
to more extensive bearing area by the nose-bar, which is changed by the adjustment
mechanism of the lathe when the cutting angle is reduced.

Lathe checks (Knife checks)

The degree of freedom from lathe checking is the quality factor that is easily
applied to estimate the cutting performance. The lathe check is expressed by the
ratio of its depth for veneer thickness, and the pitch. Fig. 5 is a graphic summary
of the relations between the nose-bar opening and the lathe check obtained in
various cutting conditions.

When the opening between the knife and the nose-bar is progressively reduced,
the lathe check is less pronounced. '

With an opening of 80% of the thickness, the lathe check is almost completely
eliminated, but the thickness of veneer is reduced slightly, with an opening of 70%
of the thickness, and the surface of this veneer is rough, because of the projection
of wood ray.

As to the effect of cutting angle for the lathe checks, in the case of a similar
nose-bar opening, the cutting angle of 18° is conducted with available result as the
lathe checks are relatively less pronounced.

Because of the lathe checks that occur in veneer by the wedging action of the
knife, it is reasonable to assume that the cutting angle 18° might have relatively
less tendency to bend the veneer as compared with that when the cutting angle are
21° and 24°,
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Roughness of veneer surface

At present, there is no clear standard for the measurement of the roughness of
veneer. For this purpose an optical slit method has been used in some investigations
which have been described in a published report for Douglas fir and Lauan.

For the veneer roughness in this study, surface roughness was studied by means
of needle tracer. A preliminary test was carried out so that the roughness of veneer
is evaluated subjectively ‘‘smooth’’, “medium” or ‘“‘rough’. (Fig. 7, 8)

The profile curves obtained were analysed mathematically in the following
manner. The profile curve is divided in vertical sections so that the height
between peak and valley is more than 25u (vessel radius of beech) and then the
maximum height and the range in each divided section are measured. Consequently
the mean value of roughness is calculated by the height frequency histograms as to
range.

The roughnesses of veneers which are classified as ‘“‘smooth”, “medium” and
“rough’ respectively when classified by the observation of the naked eye, are <40p,
41—59u and >60p respectively by the above mentioned measuring method. Fig. 10
shows the relation of nose-bar opening to surface roughness. Thus for 1—6 mm beech
veneers cut at 18—24° cutting angle, the nose-bar opening should be 85—90% to
produced satisfactory smooth veneer.

Tensile strength of veneer perpendicular to grain

The result of tension tests is shown in graphic form in Fig. 11, were the tensile
strength perpendicular to the grain is indicated as a function of nose-bar opening.
It is as follows:

1. The relatively higher tensile strength tends to appear in the veneer cut at
80—90% nose-bar opening, and this tendency is remarkable in thinner veneers such
as 1—3 mm.

2. In the case of 6mm thick veneer, tensile strength increases with inverse
proportion to nose-bar opening within >70% range.

3. The effect of nose-bar opening on the tensile strength tends to work intensely
as veneer thickness increases.

4. The tensile strength at less than 70% nose-bar opening decreases when
compared with the adequate nose-bar opening.

5. The values of the tensile strength perpendicular to the grain of the Japanese

beech is 30 kg/em® in the maximum, but 5 kg/cm® in inadequate cutting conditions.
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Appendix table 1. Results on specimens
o | ] 1= o FE | HE R
. Measured value of thickness; Lathe check
CREDICX D i T | 57 x
(e ISR Thickness | H/t e “deptn
P 1= ic ness, . il
Sample Dlameter\ scheduled | %jt@%d‘ﬁgq:h@ standard |, |
" by feed max. min. mean|qeyiation ‘Iﬁj{\ Y/J\{ﬁ.zlzié"ﬂﬁ dajt’
min. mean
mm mm % mm | mm tmm|  mm 1 mm | mm | dmml %
Cl1 446 1.0 112.5 | 1.06 | 1.00 ’ 1.03 0.01 0.69 | 0.43 | 0.62 60
C1 420 1.0 100.0 | 1.02 | 1.01 |, 1.02 0.01 0.69 | 0.16 | 0.42 41
Cl1 380 1.0 88.1 | 1.02 | 0.95 | 1.00 . 0.03 0.0
Ci 320 1.0 75.0 | 0.98 | 0.86 | 0.94 |  0.03 0.0
B3 510 ‘ 2.0 107.5 | 2.13 | 2.02 | 2.06 0.03 1.60 | 0.21 | 0.81 40
B3 483 ' 2.0 93.7 | 2.07 | 1.99 | 2.05 0.02 0.73 | 0.22 0.34 17
B3 362 2.0 81.8 | 2.03 | 1.99 | 2.01 0.0l . 0.0
B3 320 : 2.0 78.2 1 2.04 | 1.96 | 2.01 ‘ 0.03 0.0
B3 280 \ 2.0 62.5 | 1.95 | 1.66 | 1.79 . 0.08 0.0
B2 520 ! 3.0 100.0 | 3.14 | 2.99 | 3.09 ‘ 0.06 1.67 : 0.51 + 1.31 42
B2 440 3.0 93.7 | 3.03 | 2.96 | 2.99 | 0.02 1.16 | 0.22 | 0.48 16
B2 290 3.0 86.6 | 3.05 | 2.86 | 2.99 ! 0.05 0.73 | 0.23 1(0.43)| 14
B2 265 3.0 80.0 | 2.98 | 2.73 | 2.88 0.06 1 0.0
Bi 474 4.0 95.7 | 4.03 | 3.95 | 3.97 0.08 2.25 1 0.36 | 1.32 33
B1 256 4.0 82.2 | 4.06 | 3.94 | 3.99 0.03 2.03 | 0.44 [(0.79) 20
B1 213 4.0 77.0 | 3.97 | 3.70 | 3.81 | 0.03 1.52 | 0.22 |(0.71)] 19
Al 360 6.0 97.8 | 6.18 | 5.87 | 6.01 0.10 4,06 | 1.23 | 2.75 46
Al 410 6.0 82.7 | 5.95 | 5.65 | 5.84 0.09 0.87 | 0.44 [(0.62)] 11
Al 478 6.0 72.8 | 6.02 | 5.35 | 5.67 ‘ 0.16 0.0
Note (1) H; Horizontal nose-bar opening, t; Thickness scheduled by feed apparatus
% 2. SRR
Appendix table 2. Results on specimens
| t 4 FXGE | IR
- Measured value of thickness, Lathe check
i %DW;I D | | | T (ZE §
. \ SEDES | depth
BB IR Thickness | H/t it G -
Sample Diameter scheduled ' mjdﬁ]ﬁ/ it SFIHE standard N ‘
! | by feed max. min. mean geyiation WAM %’H@qziﬁ'f an’
| max. | min. mean}
i ;
' mm mm % mm ‘ mm t/mm! mm | mm ‘ mm {d mm‘ %
D6 ! 432 1.0 101.2] 1.03 l 0.99 | 1.00 0.01 1 0.75 | 0.60 i 0.67 67
D6 597 1.0 95.0] 1.01 | 0.94 | C.96 0.02 0.73 | 0.43 | 0.57 59
D6 ‘ 550 1.0 80.0} 0.85 | 0.78 | 0.82 0.02 0.50 | 0.25 ‘ 0.35 43
D6 | 538 1.0 63.7| 0.61 ' 0.52 | 0.57 0.03 “ 0.0
i |
D6 412 2.0 7100.0| 2.08 | 1.98 | 2.04 0.03 1.20 | 0.95 ] 1.03 50
D6 ! 382 2.0 102.0| 2.06 | 1.99 | 2.03 0.02 1.20 | 0.88 | 0.97 48
D6 ! 343 2.0 92.5| 1.96 | 1.89 | 1.93 0.02 1.20 | 0.88 | 0.99 ol
D6 303 2.0 86.5| 2.00 | 1.82 | 1.96 0.08 0.59 1 0.25 1 0.37 | 19
D6 265 2.0 75.0{ 1.90 | 1.60 | 1.73 0.09 0.50 | 0.20 (0.34) 20
D6 | 229 2.0 69.8] 1.75 | 1.53 | 1.62 0.05 1 0.0
D7 | 585 3.0 93.0{ 3.06 | 2.93 | 3.00 0.03 1.13 | 0.70 ! 0.90 30
D7 528 3.0 83.3] 2.97 2.83 | 2.91 0.04 0.0
D7 579 3.0 72.6/ 2.84 . 2.63 | 2.73 0.06 - 0.0
D7 495 3.0 66.2| 2.54  2.33 | 2.44 0.07 0.0
D8 327 4.0 95.8] 4.09 | 4.02 | 4.05 0.02 1.45 1 0.70 ' 1.12 28
D8 419 4.0 86.5| 4.00 | 3.82 | 3.91 0.05 (0.87) (0.45) (0.70) (18)
D8 501 4.0 78.0| 3.79 | 3.55 | 3.66 0.02 0.0
D8 572 4.0 75.0| 3.86 | 3.40 | 3.65 0.15 0.0
D9 580 6.0 100.5| 6.12 | 6.04 | 6.08 0.05 5.90 | 5.00 5 5.61 1 92
D9 498 6.0 94.6/ 6.08  5.84 | 5.98 0.06 4.00 1 3.10 | 3.52 ' 60
D9 422 6.0 79.8| 5.83 1 5.45 | 5.72 0.11 | 0.90 O 60 1(0.83)‘ (14)
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cut at 18 degrees of cutting angle.

|
| H M X BB ERm
EEE Roughness Tensile strength
pitch
sereee | BRI ’ Cmmpemee | RIURE
THE P s’g%fﬁ{@%% 1coefﬁcienta BAE  BME | FRIMRE | coetficient
mean | mean deviation\ of max. = min. , mean deviation’ of
variation : : variation
mm " ! % kglem® | kglem® | kglem®  kglem® %
0.81 39 9 23 14.9 | 10.4 12.6 1.2 | 10
0.52 43 9 21 23.5 ‘ 13.4 19.7 3.6 | 18
36 9 25 30.1 i 17.8 24.4 3.7 15
47 19 ' 41 21.8 9.9 15.5 2.4 . 16
1.52 52 22 42 17.9 7.6 13.5 3.3 24
0.62 69 19 28 29.6 21.6 24.5 2.4 | 10
42 9 21 30.6 20.3 24.9 3.6 14
40 9 23 33.3 23.4 28.7 3.6 13
54 23 43 29.8 23.3 25.8 1.7 | 7
167 | 41 7 17 15.0 10.6 12.2 .3 1
1.04 39 9 ! 23 i 30.0 16.3 22.3 3.5 16
1.54 41 6 . 14 33.9 28.1 31.1 2.0 ' 6
38 8 21 30.6 21.9 26.3 2.5 | 10
1.19 62 37 54 17.4 10.6 125 | 2.3 18
1.36 41 10 24 ©22.8 13.8 17.5 | 2.7 15
0.30 62 33 53 26.9 17.4 20.9 2.6 12
3.02 46 29 ‘ 63 13.6 | 6.3 9.3 2.1 1 22
47 19 i 40 i 18.4 | 7.4 12.5 2.6 21
43 o 23 0.3 | 17.6 22.3 4.2 ‘ 19

(2) When the lathe checks are found partially, mean value of depth are shown in ( ). »

—E (GHiE 21

cut at 21 degrees of cutting angle.

[T - BB EER S
v YT Roughness Tensile strength
pitch }
e | B{URE | g BRAUEREL
i | | BRI Cocticient ok RmME s CWE | coefficient
mean | mean deviation‘ of max. = min. mean :deviation' of
variation . | variation
mm a0 I % kglcm® kglem® | kglem?® kglem® %
0.87 45 14 31 7.2 | 9.0 ) 12.6 ‘| 2.8 | 22
0.87 39 7 18 | i ‘
0.43 40 11 28 22.2 13.4 +  17.7 2.6 | 15
52 15 29 17.7 5.1 10.8 3.8 | 40
1.40 47 18 38 17.9 9.6 ! 13.9 2.1 | 15
0.87 19.6 10.3 | 14.3 3.9 | 27
0.90 39 6 15 } l
0.55 36 9 25 27.4 . 20.2 23.3 2.0 9
0.34 39 3 8 24.8 | 149 1 193 2.9 15
47 12 26 23.0 14.8 . 18.8 2.4 13
1.03 44 10 23 36.6 9.9 | 282 5.6 20
46 8 17 31.8 22,1  26.1 2.7 10
53 17 32 28.4 | 22.0 25.2 2.0 8
75 24 31 9.9 | 8.2 11.8 2.7 | 23
1.50 45 15 33 21.6 16.8 | 19.3 1.9 1 10
(0.79) | 44 10 23 25.6 18.7 | 24.0 2.9 12
42 9 21 28.4 16.6 | 23.6 4.0 17
48 11 23 20.4 7.6 | 14.3 3.6 25
4.80 4.2 2.5 3.6 0.7 19
4.07 47 13 28 12.1 8.2 9.6 1.1 12
(0.40) 50 15 30 24.9 14.3 | 20.5 2.6 13
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Appendix table 3. Results on specimens

B i ' & & D SERIfE | EETRD
i y Thickness measured ‘ Lathe check
| ik - | — R
BRERet SRR Thi igé H/t s depth
AR i FIEHES ickness [ j—
Sample [Diameter| scheduled ‘ﬁkﬁﬁ/l\{lﬁ¥y]@1 standard ‘
of feed max. | min. |mean| deviation |ﬂxj\{lﬁ%/1‘flﬁxlzi@{ﬁ an’
5 i | max. | min. l[mean
{ | i
oomm mm % | mm . mm at mm mm l mm | mm |dmml %
D6 617 1.0 100.0| 1.09 { 1.03 | 1.06 0.01 ' 0.92 1 0.79 | 0.85 ‘ 80
D6 | 597 1.0 86.2, 1.00 { 0.97 | 0.98 0.01 0.26 | 0.15 [(0.23)! 23
D6 575 1.0 71.21 0.95 | 0.81 | 0.93 0.02 ‘;
D6 553 1.0 67.5“ 0.88 | 0.83 | 0.86 0.01 |
D4 310 2.0 97.0‘] 2.02 { 1.97 | 1.95 0.04 [ 0.99 | 0.39 | 0.71 ! 36
D4 354 2.0 92.0' 1.95 | 1.80 | 1.89 0.04 0.49 | 0.37 [(0.43); 23
D4 394 2.0 77.01 1.62 | 1.52 | 1.60 0.03 | ; 0.0
D4 420 2.0 69.0 1.63 | 1.33 | 1.49 0.08 3 0.0
D1 600 3.0 98.3‘ 3.07 | 3.02 | 3.03 0.02 | 1.49 | 0.41 | 0.91 30
D1 537 3.0 84.6 2.97 | 2.63 | 2.83 0.10 1.83 | 0.82 {(1.29)] 46
D1 457 3.0 77.6, 3.00 | 2.55 | 2.76 0.13 : (0.41); 15
D2 580 3.0 67. 1 2.52 | 2.29 | 2.40 0.06 I 0.0
D2 457 4.0 91.6/ 4.03 | 3.85 | 3.94 0.05 C2.14 { 0.99 |(1.44)| 37
D3 486 4.0 82.4. 3.97 | 3.52 | 3.81 0.15 0.87 | 0.50 [(0.82) 22
D3 566 4.0 78.5 4.03 | 3.52 | 3.68 | 0.12 0.60 | 0.42 (0.55)| 15
D3 597 4.0 73.2‘ 3.36 | 3.05 | 3.23 0.11 0.0
D5 557 6.0 95.2/ 6.02 | 5.85 { 5.95 0.06 | 3.71|1.24|2.76 | 46
D5 486 6.0 78.2 5.97 | 5.44 | 5.70 |  0.18 2.89 | 0.74 (1.87)] 33
D5 408 6.0 73.2 5.83 $ 5.04|5.48 |  0.23 1 0.96 | 0.60 1(0.82)| 15
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cut at 24 degrees of cutting angle.
o Hogl s BB BEMR S
e Roughness ! Tensile strength
pitCh o |
e | BALRE | v | EILRE
i | P | BRI coetficient . B | M | o | SRR coctticient
mean | mean | g Tt | max. min. mean |5 0hoGon of
| variation ‘ ; variation
mm ~ ” | % kglem® | kglem® | kglem® kg/cm® %
0.76 55 21 ] 38.2 25.7 7.4 13.6 6.3 46.3
0.20 41 5 122 26.5 21.3 23.7 2.0 8.4
77 26 : 33.8
89 © 79 70.0 14.8 7.1 12.1 2.3 19.0
0.86 46 13 28.3 28.8 14.0 20.4 3.6 17.6
0.57 43 11 25.6 32.7 23.8 27.0 1.9 7.0
58 18 31.1 23.8 19.0 21.7 2.8 12.9
78 81 51.0 17.4 9.0 13.7 2.5 18.3
1.34 46 14 30.5 31.6 22.8 27.2 2.6 9.6
0.42 43 9 20.9 28.6 14.5 21.7 5.0 23.0
40 11 27.6 26.8 15.3 22.2 4.2 | 18.9
42 17 40.5 19.7 17.7 18.7 0.6 ’ 3.2
1.77 | - 49 13 26.6 23.0 12.9 18.8 2.8 ! 14.9
0.37 40 11 27.5 35.6 23.2 29.2 4.3 14.7
0.82 45 16 35.6 33.3 23.1 27.7 3.0 ‘ 10.8
40 10 25.0 20.0 8.0 13.4 3.3 | 24.6
2.54 48 18 37.6 16.5 11.3 13.4 17.3 ‘ 12.7
1.87 38 10 26.4 20.1 12.1 15.3 2.2 14.4
50 14 28.0 26.6 17.4 20.8 2.7 : 13.0

|



