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Synopsis :

In order to obtain a desired in-plane orientation of reinforcing fiber in a stampable sheet
manufactured with a paper making process, experiments were carried out using a
model web making apparatus. Operating parameters, such as the distribution of
drainage amount of slurry containing reinforcing fibers and thermoplastic resin
particles, the tilted angle of the apparatus, direction of the slurry feeding, and the
velocity of the moving meshbelt, were widely varied and examined. Most of the
experimental results concerning the in-plane orientation were correlated to the ratio of
the velocity of slurry to that of the meshbelt. As the velocity ratio increased, the fiber
tended to orient parallel to the flow direction. The combinations of operating conditions
for desired in-plane orientations were optimized on the basis of the present
experimental results. Consequently, stampable sheets with unidirectional orientation
and with no warpage, which are of practical importance in commercial manufacturing,

were produced using the model web making apparatus.
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Method of Controlling In-Plane Orientation of Reinforcing Fiber
in the Manufacture of Stampable Sheet with Paper Making Process
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Synopsis:

In order to obtain a desired in-plane orientation of reinforcing fiber in a stampable sheet manufactured with a paper mak-
ing process, experiments were carried oul using a model web making apparatus. Operating parameters, such as the dis-
tribution of drainage amount of slurry containing reinforcing fibers and thermoplastic resin particles, the tilted angle of
the apparatus, direction of the slurry feeding, and the velocity of the moving meshbelt, were widely varied and examined.
Most of the experiniental results concerning the in-plane orientation were correlated to the ratio of the velocity of slurry
to that of the meshbelt. As the velocity ratio increased, the fiber tended to orient paraliel to the flow direction. The com-
binations of operating conditions for desired in-plane orientations were optimized on the basis of the present experimen-
tal results. Consequently, stampable sheets with unidirectional orientation and with no warpage, which are of practical
importance in commercial manufacturing, were produced using the model web making apparatus.
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Schematic illustration of the manufacturing process of
stampable sheet with paper making method
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Fig. 3 (a) Soft Xray photograph of the web (b) An example of

orientation angle distribution and curve fitting for estima-
tion of orientation index Jm

I P, e (1)
-1—;‘:—}—111) u)s*{i + (} * :]]:_E) qm’ #

SrfllenBo i Mo i, WEHE R ORI M AT O Lol E LT
HOGRD () AT 422250, BERCHTIAE - FR0 D0
BLF 5B Im AR ORE, GiEEMNIZNTARNMTH D
Jm = 1d % T O EREES LB H1EI AP L T A00E . Jm =0l
B ARROIRAE Jm = LG TAREE AT IEHERD L LR A
VIEANL T SARBE R SRR D A b BRHERC R 3 G O SEHER (07
W, FEICEHEO FRIMATETTH S MD 2 L2,

352 wrJEBWEOREE

PR 2 4 28T L b — M ITERF ARG L AR A I T B
HEL J"Lﬂ( LRI #5102 MR koD i RO % £ Rl i e
ML TidEEL RS, AT, MR D L OMMEA I &
L, ﬁLI“])ff.hkU)J@hﬁ‘t{IZ:'ur"ff’f}' B Ui, w74k 625°C T
B L TR A B & | GF AR AN » HIE A WD L 2,
IO i HIAC GF OB AT LT, SRS
s air- 2.

353 Y—rORYEORE

— M A 200 mm AN L TR & L. TOMAERM A AR
B LTI A X A (B FOMNOPEE P fm E R AE L
Foo ZOMRMEE AFTIIONTTIY, b KECIEA T O L -

FORDREELL,

354 L — FONEREOAE

- b O3 PR ERPE A ALY IARE (IS K7055) . SRR (IS K7054) .
[Efaahts OIS K7o56) B XU/ o FiF3 74 0 iR (1S
K7110) 42 X - Caffi L 7z,

A =
il

4 B K

FETEN LA S, IBURO BRI, RO O i, S
i o AL b OEITIET (T 4 YRR f5 X UTYRROMES R T

ED, IR A w2~ FPOMIEIZDNT, Ny KRy o
Zo IS 110)1,'1'“(W0)L Dy o IR (i) o
HID, 54 gD kS AR ATRRIL

41 WEIEIMOEE

FUHEOE S| §Ee3 Ay At Table 1122k FAF T o 700kl 4
FF oo o FRERRIOMEY B L OBERYRRE 3 1 RGO
L7, e o TORNIRE Jm A& Table I iZfifd TRd, A
Fieq Vil 7 A FTOWRGIRANE DL EEE ] RS
LIk HIENhA S,

Mohiy Tk
T L.

R LT GEF IR I O L MR I L
Photo 1 12, B a0 B2 50 TRGE 2 i 2

JHAEFRLEES 48 Vol. 29 No. 4 1997



192 :1‘3!/”1&/7]?;\
Table 1 Effect of distribution of drainage amount on fiber orien-
tation
Distribution of d:amdge amouni (vol % ’ Im
Set Sc2 Sc3 Scd Seb Sch
70 23 4 2 1 ] 0.25
40 33 18 7 2 ] 0.29
16 20 26 34 3 1 0.34
7 15 23 42 10 1 0.39

Tilted angle of the web making apparatus: 07
Ratio of inlet velocity of slurry to that of meshbelt: 36

(b)-1

1 mm

Thin GF layers peeled off from the web (a) Manufac-
tured under the condition that drainage amount of the
foam is large at the 1st suction box (1; upper layer 2:
lower layer) (b) Manufactured under the condition that
drainage amount of the foam is small at the 1st suction
box (1; upper layer 2: lower layer)
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Fig. 4 Effect of the tilted angle of the web making apparatus on
fiber orientation

Table 2 Effect of feed location of slurry on fiher orientation

It eedmg I)Oblh()n of slurry Ratio }_r-n. -
Ups[re'am side (Fu) 30 0.25
Upper side (I'h) T 0 - 0.10
Downstream side (Fd) 1§ 25 005

Tilted angle of the web makmg apparatus: 0°
Distribution of drainage amount: 70:23:4:2:1:0 {vol%)
Ratio: The ratio of inlet velocity of slurry to that of meshbelt
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Table 3 Mechanical properties of stampable sheets

l Sheet by this Stampable ‘11dm])dbk
shect 1 sheet 2
work
(wel process) | (dry process)

Glass fiber .
content (inass”%) 10 40 : 45
Tensile

", - .
strength (MJ*a) 200 150
Flexural

. o o
strength (MPa) 300 200 ; “207
Compressive .
strength (MPa) 170 i 120
Izod

. 0

strength (kJ/m?) 100 70 g 140

Wer ik 70 R U AR Cid | o b 3R Y BB OO W
N E L f::/) Fro FEEEIESRUERM TR, 23 Ry R
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Table 4 Effect of distribution of drainage amount on fiber orientation and warpage of sheets
Distribution of drainage amount (vol%:) Velocity ratio Jm Warpage

Scl Sc? 53 Scd Sch Scb surface side reverse side (mm)
70 23 4 2 1 0 60 0.29 -3 10
A 70 23 4 2 1 0 45 0.31 0.04 18
7 23 4 2 1 G 30 ! 0.34 0.09 11
i) 23 4 2 1 0 10 0.35 0.15 10
B 033 It 7 2 0 B0 Y ~0.03 11
i 40 33 18 7 2 0 45 .25 0.06 10
) 40 33 18 7 2 0 30 0.27 .10 9
40 33 18 7 2 0 : 10 0.34 n.21 7
16 o0 26 R I 1 W) ' OZO . 0.05 8
¢ 16 20 26 32 ] 1 45 0.20 0.12 7
i 16 20 26 32 5 1 30 . 0.21 0.16 5
16 20 26 _ 32 5 1 10 J 0.25 ) 0.24 2

Tilted angle of the weh makri'l:l'j.r{7a|)[)al'arlus:. i
Velocity ratio: The ratio of inlet velocity of slurry to that of meshbelt
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