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ManJiro FuxuvaMma: Studies on the internal stresses in finished wood.

1. On the shrinking stresses in paint films for wood coating.
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I: Paint film II: Aluminium strip
Na: Neutral axis of aluminium Strip only
Nb: Neutral axis of coated strip
¢ : Shift of neutral axis
Fig. 1
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3 : Deflection
(a) Cross section of coated strip
(b) Coated strip with equal concentrated
load at the both ends.
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II: Aluminium strip
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Fig. 4 Relation between Young’s modulus
and temperature of aluminium strip,
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Table 1. Percentage of bending stiffness

of paint films to wood.
(b=1.5cm, h2=0.0lcm, E2=6.44x105 kg/cm?2)

. : hl E] X
Kind of paint (cm) (kg/em?®) (%)
x 104

0.003¢ 6.38 0.44
Polyester resin paint 0.0023 5.05 0.11
Amino alkyd resin paint 0.0024 5.98 0.15
0.0014 15.34 0.07

Polyurethane resin paint

Nitrocellulose lacquer
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Table 2. Composition and mixing ratio of paints used in this experiment.
: : o Mixing | Nonvolatile
Kind of paint Composition ratio | matter(%)
unsaturated polyester resin --.cocooooeieiiinnn 64.5
Polyester varnish paraﬂin ................................................... 0.1 100
. styrcnc ................................................ 35.4
Polyester varnish |
N | SEYT@IIE + v v oer vt v ettty 100.0 10
Polyester resin diluent Y 100
paint 9
. PErOXide: - orrvrritniieeriiciaeitinitiiae
Curmg agent ketone solvent «-ooceeirriiiiiiiiiiiiiiiii 0'5
AC el rato Octenic acid paint dricr ........................... . 1 5
celerator aromatic hydrocarbon solvent )
‘ polyester TESIT - vverorreresernrnreantererainienens 44.0
E&Z“g::‘:ne CEllULoSe AEriVAtive «««eeeeeeerrommrmemeremeiesanins 1.1 100 44
Polyurethane polyurethane thinner......cooooveorerrrmeinenen 54.9
resin paint SO
polyurethane : polyisocyanate ....................................... 45.7
curing agent | polyurethane thinner-....c-oocooormmrnee 54.3 100 45
! butylatcd UTEA TESIIL +revreerrssrrreairesinnenaans 16.4
Amino alkyd melamine TESITN v rvvvrrerreonessesreniieneeeriiisnanes 10.9
clear ¥ S alkyd Fesineceeeeeeeee 27.2 1 100 52.5
Amino alkyd | alcohol solvent -« coreeeerreiiiiiiiiiiiii, 18.3
resin paint | aromatic hydrocarbon solvent:...c.-.-ooceeeve 27.2
Amino alkyd hydr()chloric acid .................................... 25,0 10 0
curing agcnt alcohol so]_vent ....................................... 75.0
‘;‘ nitrocellulosc ....................................... 16_ 1
i 50%_alkyd FESITL vvcererrasseensnnreannaennasinnaees 16.0
| Nitrocellulose plasticizer ............................................. 8.0 100 32
| ]acqucr clear ESLEr SOIVEIL - corvrrrrreeraniiiteetniieaan e 2?_0
. o A1CONOL SOLVEIL ++crvreerrrrnnrsrnemsnmeennreneecnnaens .9
glct;ggillulose ’ aromatic hydrocarbon solvent....-.....ccooove 24.0
i EStEr SOLVENL «toveerrrrmrmaiens 25.0
I Nitrocellulose  2lCOhOL SOLVEnt «rrerreeveeeesiemmrns 3.0 50 0
) ]acquer thinner | ketone SOIVENt ««reeerrreearriiiiiiiiiiiiiiiiiiie 7_0 |
f - aromatic hydrocarbon solvent..---:-.--ovoo. 65.0
eLr. i, TR RH. 5 %oga0RxFEL <, R.H.
, 30% & 50% T BT IC & » TR B HID RO 5 1
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A : Polyester resin paint

B: Polyurethane resin paint

82 YR B #18%
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Fig. 5 Examples of deflection-time curves.
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Fig. 6 Deflection-time curves for amino alkyd resin paint.
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Fig. 7 Examples of shrinking stress-time curves.
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Fig. 8 Shrinking stress-time curves for amino alkyd resin paint.
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Table 3. Changes of shrinking stress in paint films at various relative humidities.

(Number of coating: First coat, Thickness of coating: 3mil, Temperature: 60°C)

Relative . . s
. . pyr)d Thickness of paint Shrinking stress
Kind of paint humidity
9 film (cm) (kg/cm?)
. 5 0.001~0.002~0. 003 3.13~ 4.40~ 6.14
ggi‘;{f“” resin 30 0.001~0.002~0. 003 2.85~ 4.28~ 5.78
50 0.002 0.86~ 1.93~ 3.0l
5 0.003 3.84~ 4.84~ 5.40
Polyurethane 30 0.001~0.002~0. 003 0.57~ 2.22~ 4.77
resin paint
50 0. 002~0. 004~ 0. 007 3.03~ 3.12~ 4.42
. 5 0.003~0. 004~0. 007 5.56~ 7.19~ 8.82
Amino alkyd 30 0. 002~0. 003~ 0. 004 38. 59~ 80. 85~ 119. 69
resin palnt
50 0.003~0. 004~0. 005 4.07~ 5.83~ 8.11
_ 5 0.002 21.42~27.64~ 33.87
F““’CC““‘O“’ 30 0.002 11.62~12.62~ 14.99
acquer
50 0. 003 4.39~ 5.98~ 8.28

WHSRC D Obhar -l L CERT I EEZD
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SHICKHLT, Iy h—BEDOEECEBHL»CE
BIBEMETICE &7 » CIFRIS AT 3. Ak
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DR T EERIOERLE L, Thick bg-» T
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Table 4. Changes of shrinking stress in paint films with thickness and number of coating.

(Drying condition: 60°C, 30%)
| ‘\ Number of coating
Kind of paint | of |  Fisteost  Secondeoat | Thirdcoat
| coating |Thickness Shrinking |Thickness Shrinking |Thickness Shrinking
of paint stress lof paint stress of paint stress
. film (cm)  (kg/em?) (film (em)  (kg/em?) [film (em)  (kg/em?)
% 0.003 4.98 | 0.004 3.24 0.006 2.77
Polyester resin paint | 3mil [(0.002~ (2.85~ (0.003~ (1.53~  (0.004~ (1.41~
| 0.003) 5.78)  0.005) 5.19)  0.008) 4.38)
. : . - e e
| 0.002 2.22  0.004 1.07 0.005 0.81
| 3mil  (0.001~  (0.57~ [(0.003~  (0.31~ |(0.004~ 0.21~
Polyurethane resin ] 0.003) 477" 0.005) 2.21)"  0.006) 1.71)
paint 0. 002 2.28 0. 005 0.94 0.007 0.67
6mil (0.002~  (0.54~ [(0.003~  (0.27~ |(0.004~ 0. 12~
0.003) 4.22) 0.006) 1.96)  0.008) 1.43)
0.003 80.85  0.004 75.72 0.006 70.92
© 3mil  (0.002~ (38,59~ (0.002~  (71.50~ [(0.004~  (51.89~
Amino alkyd resin | o 0.004) 119.69) " 0.003) 92.34) " 0.007) 84.28)
paint | 0.003 83.81  0.006 56.12 | 0.007 48.65
6mil (0.002~  (44.63~ (0.004~  (22.89~ |(0.006~  (25.71~
© 7 0.004) 138.81)  0.007) 86.86)  0.008) 82.52)
l 0.002 12.92 ” 0. 002 1.80 | 0.003 1.29
3mil | (11.62~ (0.001~ (0.002~ (0. 66~
| 14.99) " 0.002) (O~%8HR""5 003y 2.41)
Nitrocellulose lacquer |— et et e “ e — - e
0.002 2.55 | 0.005 0.47 0. 006 0.48
6mil  (0.002~ (2.28~ | (0.005~
S 70.003) 3.05) (0~0.88)" "5 gg7y  (0~0.80)
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Fig. 9 Relation between shrinking stress and thickness of paint film.
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Fig. 10 Relation between shrinking stress and thickness of paint film.
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Summary

The various defects such as crack and peeling
of paint films are due to the internal stress deve-
loping in the paint films of finished wood. Stand-
ing on this point of view the author has
planned a series of studies on the internal stress
in finished wood.

The present paper is concerned primarily with
the determination of the shrinking stress develop-
ing during the drying process of paint films for
wood coating, especially the stress in connection
with drying condition, number of coating, and
thickness of paint films.

The deflection of the aluminium strip coated
with the paint on one side was measured through-
out the drying process. From the results the
shrinking stress in the paint film was calculated
by Eq. 1.

were polyester, polyurethane, amino alkyd resin

The paints used in this experiment

and nitrocellulose lacquer (Table 2).

The differences of shrinking stress among the

drying conditions as indicated in Table 3 are not
recognized in the films of polyester, and polyure-
thane.  Also the stress tends td decrease with

increasing the number of coating and thickness
of paint films (Table 4 and Fig.9). In the case of
amino alkyd resin the shrinking stress occuring
in the film under the drying condition of 60°C
and 309 R.H.shows the considerably large value
in comparison with those under the other drying
conditions, although the causes have not been
clear as yet.

However it is clear from Table 4 and Fig. 10 that
the stress is not affected by the number of coating
and the thickness of this paint film. On the other
hand, the shrinking stress in the paint film of nitro-
cellulose lacquer increases obviously with de-
creasing the relative humidity, number of coating
and thickness of paint film (Table 3 and 4, and
Fig. 10).



