JAPANESE AUTOMOBILE STANDARD

JASO M 406-87

Fiberglass Reinforced Plastics for Automobile

1. Scope

This standard specifies fiberglass reinforced plastics for
automobiles, in particular, prepreg and its moldings
(hereinafter referred to as ’FRP").

Remark: In this standard, units and numerical values are
based on St ({Interrational System of Units},
while units and numerical values given in
are customary units system, and are given for
reference.

2. Purpose

This standard aims to standardize the properties of
FRP and ensure its standard quality.

3. Definitions

Definitions of major terms used in this standard are as
follows.

{1) FRP: A thermosetting resin reinforced by fiber-
glass. General terms for prepregs to be formed
and their moldings,

{2) Prepreg: A sheet or bulky pre-mixture contain-
ing resin matrix (1), reinforcement (?), filler (®)
and etc, which is semi-hardened by means of
such as heat treatment. There are two types, i.e.
SMC (sheet molding compounds) and BMC
{bulk moliding compounds).

The resin matrix is a mixture of thermosetting

resin such as unsaturated polyester resin, vinyl

ester resin, urethane resin, or epoxy resin 1o which

a reinforcement or a catalyst is added, and harden-

ed during forming process,

(2) The reinforcement is a fiberglass material which is
added to a resin matrix so as t0 mainly improve
mechanical properties:

(3) The filler is a relatively inert powder such  as

calcium carbonate, aluminium hydroxide and etc.

which is adQed so as to improve strength, durabili-
ty, workability or other quality, or lower the
cost.

Note(')

(3) SMC: A thermosetting forming materials pro-
duced in a state of sheet or plate of 1 to b0 mm
thickness by impregating a mixture of resin
matrix to which a low profile agent (%), filler
and additives (°) are added into a reinforce-
ment. SMC is the abbreviation of sheet molding
compound.

Note{®) The low profile agent is an inhibitor to control

hardening shrinkage of unsaturated polyester resin.
Thermoplastic resin (such as polymethyl metha-
crylate, poly viny| acetate, polystyrene etc.) and
rubber (such as polybutadiene, styrene butadiene
copolymer etc,) are commonty used.

{5)  The additive is a material to make a certain feature
denaturation, Polymerization accelerator, poly-
merization retarder, release agent, thickener of
viscosity are involved therein.

{4) BMC: A thermosetting forming materials pro-
duced in a bulky state by impregating a mixture
of resin matrix to which a low profile agent,
filler and additives are added into a reinforce-
ment or by thoroughly mixing these materials.
BMC is the abbreviation ‘of bulk molding
compound,

(5) Glass Roving: A glassfiber produced to a speci-
fied yarn count by binding glass strand with a
suitable binding agent and doubling several to
several tens glass strands upon paraliefing.
This is one of configurations of reinforcing
materials.

(6} Glass Chopped Strand: A glass strand cut to a
specified length. This is one of configurations
of reinforcing materials.

4. Classification

Types of FRP shall be classified as shown in Table 1
according to characteristics such as usage, mixing ratio
of reinforcement and configuration.

Applicable Standards: Refer to Page 12.
Reference Standards: Refer to Page 12.
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Table 1 Type of FRP

Type Main usage Characteristics
SMC — 1 External parts A SMC of which fiberglass content is above 20% to below 30%.
Qutside plates This is superior in external appearance, surface smoothness and dimensional

stability of the products.

SMC -2 Structural members A SMC of which fiberglass content is above 30% to below 40%.
QOutside plates The strength characteristics of products is superior to that of SMC — 1.
SMC — R {5} and SMC — D{”) are applicable to this type.

SMC — 3 Structural members A SMC of which fiberglass content is above 40% to below 70%.

The strength characteristics of the products is superior to that of SMC — 2.
SMC — R {¢),SMC — D {7), SMC — C (*}, SMC — D/R (*} and SMC — C/R {*°}
are applicable to this type.

BMC— 1 External parts A BMC of which fiberglass content is above 10% to below 20%.
This is superior in external appearance, surface smoothness and dimensional
stability of the products.

BMC — 2 External parts A BMC of which fiberglass content is above 20% to below 35%.
Qutside plates The strength characteristics of the products is superior to that of BMC — 1.

Note (¢) SMC - R is a SMC in which glass chopped strands are used in irregular directions.
{7) SMC — D is a SMC in which glass chopped strands longer than that of SMC — R are used in a regular direction.
(8) SMC — C is a SMC in which continuous glass rovings are used in a regular direction.

The liguidity of yarn direction is relatively small.
}  SMC — D/R is a SMC in which glass chopped strands in regular and irregular directions are jointly used.
(3} SMC — C/R is a SMC in which continuous glass rovings arranged in regular direction are used with glass chopped strands

in irregular directions,

5. Properties

The properties of FRP shall be in conformity with the
requirements prescribed in Table 2 upon property tests
according to the testing procedures shown in para. 7
and 8. When any specified value in the columns, in
Table 2, of mold shrinkage factor, bending strength,
bending modulus of elasticity and lzod impact value is
to be further designated with grade, the applied items
shall be selected from Table 3.
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Table 2 Property of FRP

Type of FRP Para
Prescribed items No .
SMC — 1 SMC — 2 SMC ~— 3 BMC — 1 BMC — 2 :
Fiberglass content (W/f) 20 & over 30 & over 40 & over 10 & over 20 & over 7.1
% below 30 below 40 below 70 below 20 below 35 '
Mold shrinkage factor (S) Below 0.20 | 0.00 —0.20 | 0.05—050 | below0.05 | 0.00—020 | 7.2
Specific gravity (SG) 1.30 —- 2.00 1.30 — 2.00 1.70 — 2.00 1.80 — 2.00 1.80 — 2.00 7.3
Coefficient of linear
expansion (a) 10 —- 30 10— 30 10— 30 20— 30 20— 30 7.4
x 10°¢ (1/°C)
Absorpt. coefficient 7.5
According to the values consented by the parties concerned.
Hardness 7.8
Tensile strength (Ft) *) 39 — 98 64 — 150 98 — 780 29 — 59 39 — 98 2.7
N/mm? { kgf/mm? } {40-10} |{65-15} {10-80} | {30-60} | {40-10} :
Modulus of tensile () 6400-13000 | 8300--16000 | 9800-39000 | 9800—-12000 | 12000—20000
elasticity (F1t) 7.7
N/mm? { kgf/mm? } {650 — 1300} {830 — 1600} {1000 — 4000} {1000 — 1200} {1200 — 2000}
Bending strength (Fb) (Y 88 — 200 150 — 290 200 — 1300 69 — 200 150 — 250 78
N/mm? {kgifmm? } | {9.0-20} {15—30} | {20-130} | {7.0-20} {15-25} .
Modulus of bending N 6900—13000 | 8800—16000 | 13000—39000 | 7800~13000 | 12000—17000
elasticity {Eb) 7.8
N/mm? {kgf/mm? } | {700 1300} [{900— 1600} |{1300 — 4000} |{800.— 1300} {1200 — 1700 }
Compressive strength According to the values consented by the parties concerned. 7.9
lzod impact value { Gk} (*') 34 — 98 49 — 150 98 — 290 20 -39 3978 2.10
ki/m? {kgfremjem? } | {356—100} | {80150} | {100—-300} | {20—40} | {40-80}
Fatigue strength 7.1
Temp. dependency According to the values consented by the parties concerned. 7.12
Liquid resistance 7.13
Quality of coating According to JASO M 606 (Coating Films for Automabile Plastic Parts) 7.14
. . According to the agreement between the parties
Mass per unit area (g} concerned. 8.1
Content of reinforcement (%) 8.2
and length of fiber {mm) 8
Contents of calcium carbonate
and reinforcement (%) As per the agreement consented by the parties concerned. 8.3
Content of volatile matter (%) 8.4
Hardening features 85
Note {**) A property for a fiber with directional feature shows the property along the direction of yarn strands.
Remark: Property of a produot shows property by the compressed forming.
Documeénts
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Table 3 Molding Shrinkage, Bending Strength, Bending Elasticity
and Izod Impact Values — Performance by Class

Type of FRP
Item Class Performance
SMC-1 | SMC-2 | SMC-3 | BMC-1 | BMC-2
S, S <0.00 o o
Molding Shrinkage (S) S, 0005 § <0.05 o o o} o}
% S, 0055 § <020 o O o 0
S, 0205 § <050 o
F, Fo<9s { Fo<10 }| o© o)
Bending Strength (Fb) F, 98 Fb<200 { 105 Fb<20 } o O o o
Nfmm? { kgf/mm?} F, 2005 Fb<290 { 205 Fb<30 } o} o o
F, 200S Fb<1300 { 305 Fb< 130} o
M, En <8800 { Eb<900}| © o)
Bending Elasticity (Eb) | M, 88005 Fb < 13000 { 9005 Eb<1300}| © o ¢ o)
N/mm? {kgf/mm?} | M, [13000= £b< 17000 {13005 £b <1700} o o o)
M, ]17000% En<39000 {1700 Fb <4000} o)
I iy < 49 { ag; <50 } o o} o
1zod Impact Values i, 49<a1<98 { s0fag<i00}| © ) o)
(a1}
1, 98 = g <150 { 100% ak <150} o o)
kifm? {kgf-cm/em® } [ |, 150 S ayg <290 { 150 < gy, < 300} o
Remarks 1. Property shows property by compressive molding method.

2. O mark in the Table shows the property obtainable by type of FRP for the classes referred in property item.

6. General Conditions of Tests

6.1 Conditioning of Test Pieces

The test pieces shall be applied a conditioning for 48
hours and over in a location not directly exposed to
sun light, ultraviolet rays and heat ray, and under
conditions, in principle, in conformity with the stan-
dard. temperature class 2 (23 * 2°C) and standard
humidity class 2 {0 = 5%) of JIS K 7100 (Standard
Atomospheres for Conditioning and Testing of
Plastics).

6.2 Testing Temperature and Humidity

The tests shall be carried out in a room not directly
exposed to sun light, ultraviolet rays and heat ray and
of which atmosphere is, in principle, in conformity
with the temperature and humidity (temperature is
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23 + 2°C, relative humidity is 50 + 5%) prescribed
para. 6.1.

6.3 Preparation of Samples

The sample shall be extracted at random from a lot
which can be considered as the same quality, as the
representative of the lot. -in this extraction, careful
consideration shall be given for the direction of glass
strands, symmetry and asymmetry of the laminated
material so as to eliminate significant dispersion of the
characteristic values.

6.4 Number of Test Pieces

The number of the test pieces and number of repeat-
ing times shall be in accordance with the specified
numbers if any. If there is no specified numbers, a deci-
sion shall be made upon agreement by the parties
concerned.
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6.5 Recording of Test Results

The test results shall be recorded as follows.

(1) Measured Values for Each Test Piece
Individually calculating (X;), calculating the
average (X) of the results' by the following
formula, expression shall be made with the
significant figures of 2 digits in accordance with
JIS Z 8401 (Rules of Rounding off of Numeri-
cal Values). However, for a specific gravity, the
significant figure of 3 digits shall be used.

7=J— EX,'
n

where, n : humber of measurement

Standard Deviation

The standard deviation (S) and coefficient of
variation (CV) shall be obtained by calculating
with the following formula, and expressed with
rounded off 2 digits.

32
S=’E(X,-—X)
n—1

x 100 (%)

(2

—

X[

cvs=

6.6 Report

The following items shall be entered into the report as
necessary.
(1) Applicable standard
(2) Composition of material of test piece
(3) Molding method and molding condition (for
prepreg, manufacturing No. and lot No.)
(4) Shape, dimension and producing method of test
piece
(5) Number of test piece used for test
(6) Conditioning of test piece
(7) Test temperature and humidity
(8) Test equipment and tool
(9) Test condition
(10) Test Result
(11) Date of test
(12) Name of personnel who conducted the test
(13) Other items to be reported.

7. Test Method for the Property of Moldings

7.1 Measurement of Content of Reinforcement

JIS K 7052 (Measuring Method for Fiber Content of
Glass Fiber Reinforced Plastics) shall be applied.
Provided, the heating condition shall be 600 * 20°C
when a test piece contains a filler,
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7.2 Measurement of Mold Shrinkage Factor

JIS K 6911 (Testing Methods for Thermosetting Plas-
tics) shall be applied.

7.3 Measurement of Specific Gravity

JIS K 7112 (Methods for Determining the Density and
Specific Gravity of Plastics) shall be applied.

7.4 Measurement of Coefficient of Linear Expansion

JIS K 6911 shall be applied. Moldings of which sizes of
test pieces shall be approximately 120 mm in length,
approximately 10 mm in width and approximately 5
mm in thickness shall be used. The testing method shall
be such that a test piece is put into a heating device,
the temperature is risen to approximately 100°C from
room temperature for 1 hours, then expansion is
measured. Furthermore, regarding a test at 600°C, the
decision shall be concluded by the parties concerned.

7.5 Absorption Coefficient

JIS K 6911 {Testing Method for Thermosetting Plas-
tics) shall be applied.

7.6 Hardness Test

JIS K 7060 (Testing Method for Barcol Hardness of
Glass Fiber Reinforced Plastics) shall be applied.

7.7 Tensile Strength

JI1S K 7054 (Testing Method for Tensile Properties of
Glass Fiber Reinforced Plastics) shall be applied.

7.8 Bending Test

JIS K 70565 (Testing Method for Flexural Properties of
Glass Fiber Reinforced Plastics) shall be applied.

7.9 Compressive Test

JIS K 7056 (Testing Method for Compressive Proper-
ties of Glass Fiber Reinforced Plastics) shall be applied.

7.10 lzod Impact Value

JISK 7110 (Method of lzod Impact Test for Rigid
Plastics) and JASO M 312 (Testing Method of Plastics
Parts for Automobiles) shall be applied.

7.11 Fatigue Test

JIS K 7119 (Testing Method of Flexural Fatigue of
Rigid Plastics by plane Bending) shall be applied.
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7.12 Temperature Dependency Test

7.12 1 Type of Test

Types of tests shall be as following 4 types.
(1) Bending Test
(2) Tensile Test
(3) Compressive Test
(4) Impact Test

7.12.2 Testing Temperature

The temperature range for testing shall be, in principle,
from —40°C up to 100°C, provided, temperature other
than this range may be decided by the parties concern-
ed upon agreement, as necessary.

7.12.3 Test Equipment

Constant temperature chambers shall be adjustable to
obtain the tolerance of +2°C in the full range from
—~40°C to 100°C.

7.12.4 Test Methods

Setting the test pieces in the constant temperature
chamber being maintained at the specified - tempera-
ture, leaving for 30 minutes as they are, then the
following test shall be respectively conducted.
(1) Bending Test
7.8 shall be applied.

(2) Tensile Test
7.9 shall be applied.
(3) Compressive Test
7.9 shall be applied.
(4) lzod Impact Test
7.10 shall be applied.

7.13 Liquid Resistance Test

7.13.1 Type of Test

The types of test shall be classified according to the
contacting condition of the test liquid with the mold-
ings, namely, immersion tests, wiping tests and dripp-
ing tests shall be involved.
However, the testing items to evaluate mechanical
woperties shall be as follows.

(1) Bending Test

(2) Tensile Test

(3) Compressive Test

(4) Impact Test

7.13.2 Test Methods

Immersion tests, wiping tests and dripping tests accord-
ing to JASO M 312 (Testing Method of Plastics Parts
for Automobiles) shall be conducted with the test
liquid indicated in Table 4. Furthermore, after these
testing, the mechanical properties shall be evaluate in
accordance with 7.7 to 7.10.

Table 4 Type of Reagent

Reﬁg?t Type of Reagent Description

1 Gasoline JIS K 2202 {Motor Gasoline) No. 2 equivalent

2 Gas oil JIS K 2204 (Gas oil) No. 2 equivalent

3 Kerosine JIS K 2203 (Kerosine) No. 2 equivalent

4 Internal Combustion JIS K 2215 {Internal Combustion Engine Oil} No. 3 equivalent

Engine Oil

5 Gear oil JIS K 2219 {Gear oil) automotive Class 3 equivalent

6 Lubricating grease JIS K 2220 (Lubricating grease} automobile chassis Class 1 equivalent
7 Brake fluid JiIS K 2233 (Non-Petroleum Base Motor Vehicle Brake Fluid) Class 3 equivalent
8 Antifreeze coolant JIS K 2234 (Engine Antifreeze Coolants) Class 2 equivalent

9 Windwasher fluid JASO M 324 (Windshield Washer Liguid for Automobiles) equivalent
10 Thinner
11 Protecting Wax
12 Polishing Wax JIS K 2236 (Polish for Automobile) Class 1 equivalent

6
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Table4 (Cont.)

Reagent
No. Type of Reagent Description
13 Wax remover
14 Soap
15 Neutral detergent
16 Dilute sulfuric acid
17 Sodium hydroxide solution

Remark

environmental condition in which the molding is affected.

7.14 Test for Coating Films

Selection of type and concentration of reagent shall be determined by the parties concerned upon considering

8.1.2 Testing Procedures

JASO M 606 (Coating Films for Automobile Plastic The
Parts) shall be applied.

8. Test Method for the Property of Prepreg

8.1 Measurement of Mass per Unit Area

8.1.1 Test Equipment and Tool

The test equipment and too! shall be as follows.

(1) Cutting knife
(2} Metalic plane square plate with a side of 300

mm,

testing procedures shall be as follows.

(1) Preparation of samples

With a metalic plate and a cutting knife, 2
pieces of samples of which size is 300 mm by
300 mm shall be cut out from a SMC with
packing film as shown in Fig.1.

{2) Operation and measurement

(3) Balance: Weighing 1000g with 0.1g scale, or
weighing of 500g with 1g scale.

As soon as peeling off the packing film, mea-
surement of the materials shall be accomplished
as accurately as 0.1g for below 1000g and 1g
for 10009 and above.

Fig. 1 Preparation of Samples

(1) Width: Above 800 mm (2) Width: Below 800 mm .
Unit: mm
g S
§ : 5 ’ 100
1000
300x300 300x300| C
1000 300x300 - * - eqter
o wr’e
?2 i _Center § 3
1000 300x300
83
<
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8.2 Measurement of Reinforcement Content and Fiber
Length (Melting method)

8.2.1 Reagent

The reagent shall be one of the following chemicals.
(1) Dichloromethane [JISK 8161 (Dichioro-
methane (Methylene Chloride) Reagent}]
(2) Ethyl Acetate [JIS K 8361 {Ethyl Acetate)
{Reagent)}]
{(3) Acetone [JIS K 8034 (Acetone) (Reagent)]

8.2.2 Test Equipment and Tool

(1) Magnifier with scale

{2) Chemical balance: Scale = 1 mg

{3) Beaker: Capacity = 300 mL and 500 mL

(4) Washing bottle: Capacity = 500 mL

(5) Stainless steel mesh with 0.04 mm of the mesh
interval of which the diameter is 100 mm

{6) Air circulation type dryer capable to adjust of
110+2°C

{7) Desiccator

(8) Evaporating basin

8.2.3 Procedure

The procedure shall be as follows.
(1) Preparation of sample

Preparation of the sample shall be as follows.

(a) SMC: 3 pieces of samples of which weight
is approximately 10g per each and shape is
almost square shall be cut off with packing
film from the positions as shown in Fig. 2.
The packing film shall be peeled off at
measurement.

(b} BMC: 3 pieces of samples of which weight
is approximately 10g per each shall be cut
off from 3 positions at random.

Fig. 2 Preparation of Samples

Unit: mm
o
=
1000
1000 . Center
1000
=
=
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{(2) Operation and measurement

The operation shall be as follows.

(a) Measure mass in a beaker of 300 mL (my)
as accurate as unit of 1 mg.

{b) Put the samples into the beaker of 300 mL,
then measure the total mass (m,) as
accurate as unit of 1 mg.

{c) Add reagent of enough quantity to com-
pletely immerse the samples.

(d) Cover with a watch glass, intermittently
stir well with a stirring glass rod so as to
thoroughly dissolve the samples.

(e} Put a filter mesh on a beaker of 500 mL
capacity, and infuse the dissolved solution
thereto. Add a little reagent to glassfiber
remained on the wall of beaker with a
washing bottle so as to wash out onto the
mesh,

{f) Infuse the reagent onto a glassfiber on the
mesh several times, and wash the glassfiber
thoroughly.

{g) Transfuse the glassfiber on the mesh into
an evaporating basin of which the mass
{m4) already measured as accurate as the
unit of 1 mg in advance, then leave asitis
for 2 and desiccator half hours in a dryer
adjusted to 110+ 2°C,

(h) After cooling down in a desiccator, meas-
ure the total mass (m) of the basin and
sample as accurate as the unit of 1 mg.

(i} |f measurement of the glassfiber length is
necessary, measure the fiber length of the
sample after dried off by a magnifier with
scale. The marking shall be, in principle,
the maximum fiber length {mm).

{3) Calculation

The content of glassfiber shall be obtained by

the following formula.

mg —m
Content of glassfiber (%) = —m_4-_/_n—?— x 100
. —

8.3 Measurement of Content of Calcium Carbonate
and Reinforcement (Carbonizing Method)

8.3.1 Reagent

The procedure shall be as follows.

(1) Hydrochloric acid: A solution diluted by 50
times in cubic volume from concentrated
hydrochlioric acid of special class reagent.

{2) Methy! alcohol [JIS K 8891 (Methanol) (meth-
y! alcohol) {reagent)] Special class.

(3) Chromic acid mixture.
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