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<Polyamide resin> General specification about
LEONA
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1-1 Definition of LEONA 1-3 Features of LEONA ﬁg =S
LEONA is the general term of polyamide resin (polyamide resin, code: PA) manufactured and sold by Asahi Kasei.The polyamide LEONA has the following features: g2g
resin is abbreviated to polyamide for convenience in this technical data. (1) Features of LEONA as engineering resin (engineering plastics) %
w
1-2 Manufacturing process of LEONA Features of unreinforced LEONA
LEONA is produced by the company from raw materials to products (resin) through the exclusive technology of the (D Good heat resistance ax=
company.Figure 1 is the diagram of the manufacturing process. Advantages ® Excellent and balanced obdurability, durability and electrical characteristics B &
. . =4
3 a5
Figure-1 LEONA Manufacturing Flow Chart ® Good oil resistance §o
Disadvantages | (D Relatively poor dimensional stability due to water absorption@ Poor acid resistance <

Ammonia water Propylene Cyclohexanone Features of glass fiber reinforced LEONA

(@ Outstanding strength and rigidity

Advantages @ Excellent and balanced heat resistance, obdurability, durability and oil resistance

® Improved dimensional stability due to smaller water absorption than unreinforced material

2 Common anisotropy, weld line strength, screw wear in molding processing and other
disadvantages of glass fiber reinforced resin

Inositol
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Disadvantages

Acrylonitrile
(2) Features of LEONA as engineering resin (Polyamide 66)
Tables 1 and 2 list the features of 5 engineering plastics (polyamide, POM, PC, modified PPO and PBT).
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<Polyamide resin>

General specification about
LEONA

g8 =<
. . . . 2o
Table 1: Features of 5 engineering plastics (unreinforced) e
(LEONA) r o3
Item Te,\sé;”,\jthlj’fs Unit Polyamide PBT POM PC Mgcg:ged Item z >
, 56 o
Melting point Melting point °
Glass-transition temperature Glass-transition temperature
Relative density Relative density o=z
Water absorption (24hr) Water absorption (24hr) 9o
Tensile strength Tensile strength gz
Fracture strain Fracture strain &3
Bending strength Bending strength 3
Flexural modulus Flexural modulus =
Izod impact strength (notch) Izod impact strength (notch)
Rockwell hardness Rockwell hardness
Taber wear abrasion test Taber wear abrasion test (CS-17) S
(CS-17) Friction coefficient (against steel) 2 é
Friction coefficient (against Heat deflection temperature 29
steel) (18.6kgflcm2) [ g,
Heat deflection temperature Coefficient of linear expansion g3
(18.6kgflcm?) UL long-term htlaat-lre5|stance
Coefficient of linear expansion temperature (with impact
UL long-term heat-resistance strength) 3m
temperature (including impact Flame retardance o5
strength) Volume resistivity 3 s
Flame retardance Insulation resistance (dielectric e =
Volume resistivity breakdown strength) S
Insulation resistance (dielectric Dielectric constant (60~106Hz)
breakdown strength) Arc track resistance
Dielectric constant (60~10¢Hz) 7))
Arc track resistance 23
The data except LEONA is extracted from "Polyamide resin manual (edited and revised by Fukumoto) Nikkan Kogyo Shimbun" g,' %
» =
Table 2: Features of 5 engineering plastics (GF reinforced) — S
Tost method (LEONA) POM PC Modified ltem
Item vl Unit Polyamide PBT PPO
’ 66 Melting point S g
Melting point Glass-transition temperature =3
Glass-transition temperature Relative density S_ é»
Relative density Water absorption (24hr) e =
Water absorption (24hr) Tensile strength o
Tensile strength Fracture strain 7]
Fracture strain Bending strength
Bending strength Flexural modulus
Flexural modulus Izod impact strength (notch) % T =
Izod impact strength (notch) Rockwell hardness 5 % 3
Rockwell hardness Taber wear abrasion test (CS-17) —a>
Taber wear abrasion test Friction coefficient (against steel) 3
(CS-17) Heat deflection temperature 5
Friction ~ coefficient (against (18.6kgflcm2) &
steel) Coefficient of linear expansion
Heat deflection temperature UL long-term heat-resistance a9
(18.6kgflcm?) temperature (with impact) 23
Coefficient of linear expansion Flame retardance tg' =
UL long-term heat-resistance Volume resistivity =8
temperature (with impact) Insulation resistance (dielectric
Flame retardance breakdown strength)
Volume resistivity Dielectric constant (60~10sHz)
Insulation resistance (dielectric Arc track resistance
breakdown strength) g (_5": og
Dielectric L E
=
Constant (60~106Hz) The data except LEONA is extracted from "Polyamide resin manual (edited and revised by Fukumoto) Nikkan Kogyo Shimbun"
Arc track resistance
Conversion method for S (# unit Pressure: 1kgflcm2=0.098MPa Energy intensity: 1kgf - cm/cm=9.80J/m @35
3 S 9%
scd
o@ 3
=
298 4J
i3s<
22893
338
Q »
g3
oy
2]



<Polyamide resin> General specification about
LEONA

(3) Chemical structure and characteristics of polyamide
Table 3: Polyamide Resin

mp: melting point

® Polyamide 6

@ Polyamide 66
(® Polyamide 6106
@ Polyamide 612
® Polyamide 11
® Polyamide 12

@ Polyamide 46

® Other (Aromatic polyamide)

Tables 4 and 5 list the features.Figure 2 shows the balanced water absorption of polyamide.

Water absorption of polyamide

The chemical structure of polyamide determines its water absorption.In polyamide resins, the polyamide with higher acylamino
concentration is easier to absorb water.The water absorption has a certain upper limit.

The status of no longer absorbing water reached by the polyamide resin exposed in the air is called balanced water absorption, the
value of which changes with the relative humidity. The constant relative humidity corresponds to constant value (Figure 2).

The water absorption is increased proportionally with the exposure duration and remains unchanged when reaching the balanced
water absorption.

After water absorption, the toughness, impact resistance and flexibility of the polyamide are increased, but the strength and
dimensional stability are decreased.

“LEONA” products unsealed and placed for long time shall be subject to hot air drying or vacuum drying at about 80°C and the
water absorption shall be reduced to below 0.35% before injection molding.

Figure-2 Balanced Water Absorption of Polyamide (unreinforced type)

Polyamide

Balanced water absorption (%)

Relative humidity (%)

(4) Grade and general physical properties of LEONA

LEONA polyamide 66, as the substrate, is added various processing agents and further modified and processed into the
maodified engineering plastic grades with special features when giving play to its basic features.Table 6 is the list of general grades.
Different grades of LEONA have slightly different physical properties.Tables 7~10 list the physical properties.
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<Polyamide resin> General specification about
LEONA

g0 s
. . 330D
Table 4: Features of Representative Polyamide Resin (unreinforced type) ie g
Test methods ) i (LEONA) Polyamide Polyamide Polyami i 25
Item o et Unit Polyaémlde Polyg\énide y11 y12 |)é?]l’(;llde Polyjémde ltem z3
o
Melting point Melting point L
Glass-transition temperature Glass-transition temperature
Relative density Relative density oz
Water absorption (24hr) Water absorption (24hr) g
Tensile strength Tensile strength g g
Fracture strain Fracture strain 23
Bending strength Bending strength 3
Flexural modulus Flexural modulus <
1zod impact strength (notch) 1zod impact strength (notch)
Rockwell hardness Rockwell hardness
Taber wear abrasion test Taber wear abrasion test (CS-17) S
(Cs-17) Heat deflection temperature B3
Heat deflection temperature (18.6kgflcm?) = B
(18.6kgflcm?) Coefficient of linear expansion 2
Coefficient of linear expansion UL long-term heat-resistance k3] %
UL long-term heat-resistance temperature (including impact
temperature (including impact strength)
strength) Flame retardance 3m
Flame retardance Volume resistivity Q5
Volume resistivity Insulation resistance (dielectric 3 <
Insulation resistance (dielectric breakdown strength) o £
breakdown strength) Dielectric constant (60~10sHz) S
Dielectric constant (60~10sHz) Arc track resistance
Arc track resistance
®» n
33
The data except LEONA is extracted from "Polyamide resin manual (edited and revised by Fukumoto) Nikkan Kogyo Shimbun" g %
=
. . . . " . =
Table 5: Features of Representative Polyamide Resin (glass fiber reinforced type) Polyamide 11 Polyamide 610 Polyamide 46 e
Item Test methods Unit Polyamide P(LFON.’,;) GF30% GF30% GF30% ltem
ASTM, UL 6 Oyggl © Melting point or
Melting point Glass-transition temperature 5 S
Glass-transition temperature Relative density g <
Relative density Water absorption (24hr) T2
Water absorption (24hr) Tensile strength @ 3
Tensile strength Fracture strain o
Fracture strain Bending strength @
Bending strength Flexural modulus
Flexural modulus Izod impact strength (notch) 33 s
1zod impact strength (notch) Rockwell hardness (Lol =
Rockwell hardness Taber wear abrasion test (CS-17) N g
Taber wear abrasion test Heat deflection temperature 2
(CS-17) (18.6kgflcm?) =
Heat deflection temperature Coefficient of linear expansion @
(18.6kgflcm?) UL long-term heat-resistance
Coefficient of linear expansion temperature (including impact
UL long-term heat-resistance strength) & -30
temperature (including impact Flame retardance &g
strength) Volume resistivity Bl 5
Flame retardance Insulation resistance (dielectric
Volume resistivity breakdown strength)
Insulation resistance (dielectric Dielectric constant (60~106Hz)
breakdown strength) Arc track resistance
Dielectric constant (60~106Hz) 335 =
Arc track resistance [SAroe)
2990
38¢
The data except LEONA is extracted from "Polyamide resin manual (edited and revised by Fukumoto) Nikkan Kogyo Shimbun" -

Conversion method for S (# unit Pressure: 1kgflcm2=0.098MPa Energy intensity: 1kgf - cm/cm=9.80J/m
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<Polyamide resin>

LEONA

1-4 LEONA grade list

General specification about

Table-6 e Unreinforced Grades
Grade Features Typical uses Grade Features Typical uses
1300S General grade with balanced liquidity and mechanical properties Connector and washer 90G55 Grade improving the strength, rigidity weather fastness and appearance by adding glass Exterior decoration parts of
o -
1402S Grade added heat stabilizer, with good heat aging resistance Connector and carbon tank fiber (55%) E?(:Z:];bg:coration aris of
1402SH Grade added heat stabilizer, with good heat aging resistance Connector and grab handle 90G60 Grade maintaining 90G55 rigidity and optimizing the surface smoothness automobile p
Grade !mprov?ng the hlngg charactenst.lcs., plasn(-:lzatlon and demogldlng deformation : 91G40 Exterior decoration parts of
1500 Grade improving mechanical characteristics by high polymer quantification Zipper and gasket 91655 Grade with high strength, rigidity and good appearance, optimized surface smoothness automobile
1502(S Grade improving mechanical characteristics by high polymer quantification and with Automobile engine and low warping by glass fiber and inorganic fillers (40%, 55% and 60%) Office furniture
(S) excellent heat aging resistance compartment parts 91G60 Mechanical parts
17008 Grade improving mechanical characteristics by supra polymer quantification Extrusion: cylinder and thin e Composite special grades
film Grade name Features Typical uses
1702 Gradltle intu;rovling _mecha_nitcal characteristics by high polymer quantification and with Elxtrusion: cylinder and thin CR103 Grade with low abradability, low warping and good heat resistance Gear and auto parts
excellent heat aging resistance m Insulating components with low abradability and good electrical characteristics and
94008 Grade with good impact, suitable for molding products with thick wall Railway parts and office CR301 suituablcla fgor swiFt)ches w W iy 9 ! A
furniture - — - — - - Slide switch insulator
s fi o CR302 Grade with low abradability, good electrical characteristics and improved welding
* G ags |§er reinforced grades Fo T resistance characteristics
rade eatures ypical uses Grade added mineral fillers (40%) to improve heat resistance, rigidity, warping and
13G15 Mechanical parts and MROO1 reduce deformation @omtomp oIy warping Sockets
electrical parts : T : FpTagmrT 7
1300G Grade with low friction, low abrasion and high rigidity and added glass fiber and Vari :
Grade improving strength and rigidity by adding glass fiber (15%, 33% and 43%) &J?opr?enaster water tank 13306 fluororubber arious bearings
13G43 ABS ’ TR161 Grade with medium impact and added elastomer Clip and zipper
sensor and fuel injection) TR382 Grade with high impact and added elastomer g)earbon tank and wire cable
13G2
3625 Grade improving strength, rigidity and durability by adding glass fiber (25% and 50%) Auto parts 94N05 Nanocomposite grade (WG143 added glass fiber and nanocomposite)with good rigidity, Residential equipment,
13G50 strength, uniform creep properties, low abradability and good weather fastness of color building materials and auto
14G15 Grade improving strength, rigidity and heat aging resistance by adding glass fiber (15% WG143 materials (note: color refers to the color other than white, black and gray) parts
and 33% Parts in automobile engine e Flame retardant grades
1402G ) Grade name Features Typical uses
14G25 ) ) ) Halogen-free flame retardant, flame retardant rating of UL94V-0 and improved softness
14G33 Grade improving strength, rigidity, heat aging resistance, fatigue properties and creep rér::;r:g i:léﬁmog;ecfggme FR200 and toughness
14643 properties by adding glass fiber (25%, 33%, 43% and 50% Mechanical parts and FR370 Slt_eg:\r/alohalogen—free flame retardant unreinforced grade with flame retardant rating of
electrical parts -
14G50 P FR650 Halogen-free flame retardant unreinforced grade with flame retardant rating of UL94V-0,
53G33 Grade added glass fiber (33%) and with excellent hydrolysis resistance and calcium Auto parts meeting IEC60335(GWIT) Electrical and electronic
chloride resistance FG170 UL94V-0 added glass fiber (15%) components
54G33 Grade added glass fiber (33% and 43%) and with high strength, obdurability and good Fans, railway parts, FG172 UL94V-0 added glass fiber (20%) (Connector and switch)
54G43 appearance Office furniture FG171 UL94V-0 added glass fiber (25%)
93G33 Grade further improving the appearance by adding glass fiber (33%) Office furniture FG173 UL94V-0 added glass fiber (30%)
o Glass fiber reinforced grades FH772 Halogen-free flame retardant, added glass fiber (25%), flame retardant rating of
Grad Featur Tupical UL94V-0, good performance in electric leakage resistance
ade eatures ypical uses FR250 Unreinforced material with improved oxygen index and good hinge and clip performance | Automotive wiring harness
90G33 Grade improving the strength, rigidity and appearance and optimizing the liquidity by Auto parts e Color concentrate
adding glass fiber (33%) _ _ i i i [ Grade name | Features | Typical uses |
90G50 Grade improving the strength and rigidity and further improving the appearance by Office furniture and [ Lco20 | Color concentrate added high-concentration dye for coloring (with various colors) | Diluted by 20~50 times |
adding glass fiber (50%) mechanical parts
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<Polyamide resin> General specification about
LEONA

990 =
. . . 3
Table-7 List of Physical Properties of each Grade Test methods <ISO> Q3 ™
5
. " . =
Unreinforced grades Glass fiber reinforced grades o >
o]
Test methods Unit Grade @
Test item name
(Black) (Black) o
[5)
54 Density o2
[ 3 g
£ ¢ Balanced water cao)
¢ ahenrntinn 5
e
Tensile yield
strength
ey
P . ° 3
Tensile yield strain B =
a2
)
=4
25
Tensile breaking
strength
3m
o« 25
£ Breaking strain Z =
5] ol
o 253
o 5
[=%
K] Tensile modulus
&
w
5 s
[} . =1 g
= Bending strength g o
=
o5
=]
Flexural modulus
o
53
. Notch/with
Charpy impact o o Q
out notch 2T
strength @ 3
M le/R z :
scale 5
Rockwell hardn
ockwell hardness scale &

L ot s o ‘.3".'8 g
T 53
3! g
g  Heat deflection e

temperature 3

8
5g Comparative & -30
wg tracking index & s

a

9
o g
5%

LS
®
I oo mononge acion (Asah Kasel method) ===
v infection moldin . 0% 0
Features For general ~ Short molding  For HMW For UHMW  pracustewmgn GF15% GF33% GF43% GF25% GF33% GF43% GF50% Calcium chioride High s3a
M ) , molecular weight an ° ; ; ; ; ° ° S5
injection cycle extrusion extrusion [t reinforced reinforced reinforced reinforced reinforced reinforced reinforced resistance toughness 39¢
Connect in fil ’ : . . ' .
) Somnector Connector  Zipper Thin film Railway parts Mechanical parts, electrical parts and auto parts (micro motor, radiator and gear shift lever parts) Auto parts Fans
Typical uses Carbon tank Clip Sheet Czlmder Office furniture Automobile engine compartment parts (auto heater water tank, fuel injection, ABS sensor and engine support) Railway parts
Washer Sheet 535
SO0
330
i i i 1. Water absorption is the equilibrium water content in the atmosphere at Specific heat: 3 5 &
The above physical values are the representative values measured according to 23°C and 50%RH peci o2 5]
the stipulated test methods and are for reference only when the material is selected 2D asntate- ,:S‘ after molding: wet state: balanced water absorption, 23°C Stress: 8
according to the product usage.The physical values will be updated in the Sb%?R/H g 9 . ption, : Energy intensity <
i i Thermal conductivit
improvement of material formulas. 3. The former units are converted according to the following formula. ermal conductivty
(The right side in the formula is the former unit and the left side is SI unit) % o, 8 n";l
1 12 :135%
32838
"33 a0
IR
)
£2
2]
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List of Physical Properties of each Grade Test methods <ISO> Q3 ™
&=
o
Glass fiber reinforced grades Flame retardant grades i =
=
" w
Test it Test methods Unit Grade
est item
name (Black) (Black) oz
(0]
. (s}
_3 Density o2
52 2
2% 2E
28 Balanced water absorption o @
o a g
<
Tensile yield
strength
& o
B3
Tensile yield strain S
a8
)
=4
23
Tensile breaking
strength
g 3m
@ 3
2 3c
5 Breaking strain a2
o o
e =]
Q
K] .
£ Tensile modulus
2 )
S 33
D a o
= ! =5
Bending strength % §
=
=]
Flexural modulus
SE
o >
o Q
. Notch/ g8
Charpy impact . T2
without =3
strength 173
notch =
@
M scale/R
Rockwell hardn
ockwell hardness scale
33
38 =
Coefficient of linear vo g
expansion (flow direction) 5
53 Q@
ET =
5 . =
2% Heat deflection 3
s temperature
a3
38 _ 48
5% Comparative RS
85 . .. P o
ug g
3
o g
st
Cs
s 33%
S’ O
H Fow oo ronndodricion (AS2i Kased aga
5 method) 388¢
S
Features High Good Good High Gopian gy on gy aon ey oon ooty High rigidy and good - ogen-free Halogen-free  Halogen Halogen
toughness appearanc appearanc rigidity Weather fastness ~ High weather fastness ~ Surface Surface Surface High tought GF15% GF20%
X . Residential Residential =3 =
. Fans Office furniture Auto parts N . equipment and Auto . . . &35
Typical uses Railway parts equipment and Auto outside parts building materials Outside parts Electrical and electronic parts (connector and switch) (=, % 2
building materials Mechanical parts g = g
oQ 3
«Q
<
13 14 29
33
=)
2a
n 35
«
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List of Physical Properties of each Grade Test methods <ISO> 83~
2o
Unreinforced grades Composite special grades % >
w
) Test methods Unit Grade
Test item name o
25
y Density g2
% ] Q=5
Z 8 Balanced water absorption 2@
o a Q
<
Tensile yield
strength
o 5§37
B3
Tensile yield strain g_%
(]
)
23
Tensile breaking
strength m
o 35
Sl
1% o f=
Q H i i
£ Breaking strain &=z
g =]
o
[=%
8 Tensile modulus
e ®» n
g 23
8 5=
o =
= : Q
Bending strength = %’
=]
Flexural modulus
SE
L >
89
) Notch/ g8
T 2
Charpy impact without g 3
9 notch 5
[
M scale/R
Rockwell hardness scale
33 =
(Lol =
S
Coefficient of linear g
" expansion (flow direction) @
T 9o =
1 3
£8  Heat deflection
temperature
o)
4 82
8L . Q
=% Comparative > 5
&g tracking index
e % Equivalent Equivalent Equivalent
5 B
£3 352
= o [ o
5 Molding shrinkage (3mm) i Kasei m 2o
B rovarovmnogedrion oS HIE00) 38¢
Features Halogen Halogen Non-halogen High oxygen Low Low :;;’::“;:zmm Heat Low friction Medium High impact Nanocomposite  Nanocomposit
GF25% GF30% GF25% index abradability abradability Soldering resistance resistance and wear impact e +GF33%
. . . Auto Slide switch . Clip Carbon tank Auto parts, residential § ?_;TJD
Typical uses Ele_ctrlcal and electronic parts (connector and Harness Gears Insulator Sockets Van_ous Zipper Bandage equipment and building 3 % Q
switch) bearings materials 5@ 8
=
15 16 2=
33
ol
2 a
n 35
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<Polyamide resin> General specification about
LEONA

g0 s
. . . o
Table-8 List of Physical Properties of each Grade Test methods <ASTM> Q3 ™
(] 6
Unreinforced grades Glass fiber reinforced grades i >
=
. Test methods Unit Grade name @
Test item Black
(Black) (Black) oz
@
Relative density 2 s
3 g
. Q
Water absorption o @
e
Tensile strength
§3
B =
. ’ =8
Breaking strain [T
=4
25
[%]
Q2 .
b Bending strength 3m
8 39
2o
o 35
s ol
— w g5
8 Flexural modulus S
]
ey
[5]
g I1zod im_pact strength o w
(With notch) P
S @
Q9o
Q© =h
M scale/R & §»
Rockwell hardness scale s
Taber abrasion test T o
D>
- ) 3@
» Coefficient of linear QT
2 e 3
§ 3
o
Q i =
g Heat deflection @
a
©
E Thermal conductivity: ,‘.3".'8 %
S
= Specific heat 8>
@
2 . . =
% Dielectric 3
g
= Surface resistivity
L % o
£ =
8 Volume resistivity 6 g
g =
. >a
o g
5%
=3 Oxygen index
Molding shiirkage (3mm) (Asahi Kasei
Flow iectonright-ange diection ethod 352
E | For HMW For UHMW For injection molding Calcium High tough %‘:D %
orgeneral  Highcycle hinge  For or of products with high [ igh toughness (STTY
Features injection characteristics  extrusion extrusion molecular weightand  OF 1970 GF33% GF43% GF25% GF33% GF43% GF50% chloride and good as¢
molding molding molding thick wall reinforced reinforced reinforced reinforced reinforced reinforced reinforced resistance appearance
Connector, . Thin film Railway . X . . .
. bandage, Connector Zipper and Cylind parts Mechanical parts, electrical parts and auto parts (micro motor, radiator and gear shift lever parts) Fans ——
Typical uses cylinderand ~ and grab sheet SK lnter Office Automobile engine compartment parts (auto heater water tank, fuel injection, ABS sensor and engine Auto parts Railway 2 g 3
gasket handle eel furniture support) parts ey o
235
2@ S
The above physical values are the representative values measured according to 1. Water absorption is the balanced water absorption in the atmosphere at 23°C Specific heat: e
the stipulated test methods and are for reference only when the material is selected and 50%RH Stress:
according to the product usage.The physical values will be updated in the 2. Dry state: just after molding; wet state: balanced water absorption, 23°C, Energy intensity
improvement of material formulas. 50%RH Thermal conductivity: 29
3. The former units are converted according to the following formula. 285
ITha vinht aida in tha farmiln i tha fammans nit and Haa Iaf aida in OF st =)
|
17 18 7S
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<Polyamide resin> General specification about
LEONA

SE=
28&
. . . 5
List of Physical Properties of each Grade Test methods <ASTM> Q3 ™
=
o
=
Glass fiber reinforced grades Flame retardant grades o >
Q
) Test methods Unit Grade 90G55 90G60 @
Testitem name (Black) (Black)
fod =
) . L)
Relative density 2%
=4
a =5
Water absorption g @
L
Tensile strength & =
% @
83
20
&g
Breaking strain 3 €
<3
3
£  Bending strength 3 g‘
[ )
Q 5=
S 88
a @5
© =]
8 Flexural modulus
5
=
8 Izod impact D@
zod i
= P 8 g
strength 328
(With notch) g &
28
M scale/R g
Rockwell hardness scale
o
. Zo
Taber abrasion test T % @
;
S &
Coefficient of linear T2
» expansion (flow direction) 33
° 2
£ ) 2
g Heat deflection
2 temperature
= 33 =
£ e
5 Thermal conductivity: o) 8, o
F 3
Specific heat =
]
o Dielectric
S o
£% o a
88  Surface resistivity 23
o2 o &
=S S =
Volume resistivity el
8
o
5%
=3 Oxygen index _
35 =
Flow icton ighangl icion o gg2
: @38
High toughness High rigidi High rigidity High rigidity High rigidity High rigidity High rigidity, good g
Features and good app?_)g?;nce appeez?:nce Pl Good Surface Good Good and surace :'a‘:‘-:e” :ee and Hal . Halogen Halogen
Weather fastness ~ High weather Surface Surface smoothness igh toughness alogen-free o, o,
appearance appearance fastness smoothness smoothness High weather fastness GF15% GF20%
Residential Residential 2 g 2
. equipment, building . equipment, Auto . X . 329
Typical uses Fans and Office furniture Auto parts materials and Auto outside parts buiding materals (5 e o Electrical and electronic parts (connector and switch) 355
. mechanical parts and mechanical p oQ s
railway parts parts e
<
39
38
19 20 33
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20
n 35
«
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<Polyamide resin> General specification about
LEONA

SE=
28&
List of Physical Properties of each Grade Test methods <ASTM> =
2o
Flame retardant grades Composite special grades 23 S
Q
. Test methods Unit Grade @
Test item name
=
(s}
Relative density 2
=4
Q=
Water absorption g °®
L
Tensile strength
Q-
o ©
53
20
&g
Breaking strain 3z
Q=
<3
172
g , 3m
5 Bending strength 25
Q 58
g S5
5 7g
L Flexural modulus
g
<
[5]
2 Izod impact ®
V)
it nteh 1
ith n =
(With noteh) 23
» =
M scale/R g
Rockwell hardness scale
SE
Taber abrasion test T 53
2 G
Coeficient of linear (NG
@ expansion (flow direction) %. §
(] =3
£ =
2 Heat deflection :
g_ temperature
5 3%
@ Thermal conductivity: g 8. 3
F 3
Specific heat =
@
é Dielectric breakdown strength
g Surface resistivity § -30
gg
] Volume resistivity a
e § Equivalent to HB Equivalent to HB Equivalent to HB
]
Lg O; H
® xygen index
335 =
Molding shrinkage (3mm) S o
Flow direction/ right-angle direction (Asahi Kasei 29 a
method) 3972
=
Halogen Halogen Non-halogen High oxygen Low Low Y e Heat . Nanocomposit
lctical characteristcs - i iqh i Nanocomposite P
Features GF25% GF30% GF25% index abradabilty ~ abradabity  semomse . resistance Low friction Medium High impact e +GF33%
and wear impact
Aut rt: F"’D’ g 3
uto parts A
. Electrical and electronic parts (connector and Slide switch Socket: Various Clip and Carbon tank . . P . 329
Typical uses ) Auto parts Gears ockets ) ; Residential equipment and 255
switch) Insulator bearings zipper Strand - . oQ 3
building materials Q
<
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<Polyamide resin> LEONA water absorption 3
i
g
2-1 Balanced water absorption b=
LEONA has the specific water absorption of polyamide. Figure-5 Balanced Water Absorption of FR70 - S
Figures 3-5 show the balanced water absorption of 1300S, 1300G and FR370. (Slab with 3mm thick at 23°C) ’

Figure-3 Balanced Water Absorption of 1300S
(Slab with 3mm thick at 23°C)
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<Polyamide resin> LEONA water absorption
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2-2 Humidifying conditions (in the water)
Figures 6~16 show the relationship between the humidifying conditions of LEONA in water (time, water temperature and test piece thickness) and water absorption.

Figure-6 Humidifying conditions and water absorption (in boiling water at ordinary Figure-7 Humidifying conditions and water absorption (in boiling water at ordinary
pressure) pressure)
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Water When Mold for Injection Fault cases and

General . Moisture Temperature Evaluation Specifications Long-term . Product L .
I absorption i replacing the X injection molding countermeasures of
specification . dependency dependency methods and acts characteristics design ) .
hara metal moldina technoloav moldina products
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Figure-14 Humidifying conditions to reach balanced water absorption in the air Figure-16 Humidifying conditions to reach balanced water absorption in the air
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Figure-15 Humidifying conditions to reach balanced water absorption in the air
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2-3 Humidifying conditions (in the air)
Figures 17~19 show the humidifying conditions and water absorption of LEONA in the air.

Figure-17 Humidifying conditions and water absorption of 1300S (in the air) Figure-19 Humidifying conditions and water absorption of 1300G (in the air)
(t: Test piece thickness)
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<Polyamide resin> LEONA water absorption 3
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2-4 Dimensional changes Figure-20 Changes in water )
Figures 20~35 show the ongoing changes of LEONA molding products in constant temperature and humidity cabinet. The absorption .

constant temperature and humidity cabinet is set at 25°C and 50%RH, but the temperature is 20~30°C and the humidity is
30~60%RH due to seasonal changes.

ainsio

The test piece used for measurement is flat-shaped as shown below.
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©
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Dimensional measurement method i 2w
o =
Measurement of & 3 5
e o
dimensions of A part (in flow ° g
direction) and
B part (in vertical direction of flow)
Side gate by micrometer %J_ g
2 8
(=} =h
& 8
Thickness (1, 2, 3 and 5mm) %
Standing time (day)
% [ng
3 S
3 Q
The dimensions of the products with glass fiber reinforced grade 1300G are anisotropic. The dimensional change . . % %
rate in the flow direction and right-angle direction are recorded in the table respectively. Figure-21 Changes in %
»
The dimensions of the products 1300S and MR0O1 are basically not anisotropic, so the average value of the dimensions
dimensional change rates in two directions is taken. 33 =
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Figure-24 Changes in water absorption
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Figure-28 Changes in water absorption

Figure-26 Changes in water absorption
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<Polyamide resin> LEONA moisture dependency
558
3-1 Stress-strain curve (tensile S-S curve)  Remark: Strain = strain between clamps (11.4cm) % o
Figure-36 Stress-strain curve Figure-38 Stress-strain curve
(13008) (FR370)
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Figure-37 Stress-strain curve
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<Polyamide resin> LEONA moisture dependency
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3-2 Change of mechanical properties with water absorption g

(1) Tensile strength

. . . . Figure-41 Change of tensile strength with water absorption
Figure-39 Change of tensile strength with water absorption
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Figure-40 Change of tensile strength with water absorption
(1300G)
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Water Mold for Injection Fault cases and

General . Moisture Temperature Evaluation Specifications Long-term When replacing . L )
L absorption L Product design injection molding countermeasures of
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<Polyamide resin> LEONA moisture dependency :
g8 =

(3) Flexural modulus

Figure-45 Change of flexural modulus with water absorption Figure-47 Change of flexural modulus with water absorption 85
2 gz
(13008S) (FR370) g
2
oy
m m g 3
) e g 3
= c zE
g 3 <8
3 3
o o
g g
5 5 i3
I
=l
L »n
Q =
@& 8
2
2
S &
L 3
3 &
Water absorption (%) Water absorption (%) § (§°
z
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<Polyamide resin> LEONA moisture dependency
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(4) 1zod impact strength

Figure-48 Change of izod impact strength with water absorption Figure-50 Change of izod impact strength with water absorption
(1300S) (FR370)
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Figure-49 Change of izod impact strength with water absorption
(1300G)
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<Polyamide resin> LEONA moisture dependency

ST

solsusjoRIeYD
uondiosge
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@ Bending strength

Figure-54 Change of weld line bending strength with water absorption Figure-56 Change of weld line bending strength with water absorption g =
(13008S) (FR370) g5
= = gs
o) o
[o% [o%
3 =
o ) 3 m
o o 25
@ @ 3 5
3 3 a 2
=3 =3 ® 8
> >
«Q «Q
L »n
25
Water absorption (%) Water absorption (%) § ?-Z
g 3
Figure-55 Change of weld line bending strength with water absorption ’
(1300G) 5 e
3
5 &
a 8
= g
(U] &
il 3
[0]
>
=]
5 35 =
@ gg2
2g3
§23
ga s

Water absorption (%)

59 60

S}oNpo.a bulpjow
JO SBINSEBWIBJUN0D
pue sased jne



BNGY
23
£
g s
. 5
<Polyamide resin> LEONA moisture dependency
38T
& 3
® Flexural modulus e g
Figure-57 Change of weld line flexural modulus with water absorption Figure-59 Change of weld line flexural modulus with water absorption
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3-3 Change of electrical characteristics with water absorption
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(1) Breakdown strength (rate of voltage rise IKV/sec. test piece thickness 1mm)

Figure-60 Change of breakdown strength with water absorption Figure-62 Change of breakdown strength with water absorption 8%
S &
(1300S) (FR370) 83
o
w o] oy
@ @ ® 3
S ) 28
& 3 g
2 2 =
=} =
23 23
g g 3 m
a @ g3
= = 2 §
-
ER
2 @
85
v 8
:
Water absorption (%) Water absorption (%) g %
Figure-61 Change of breakdown strength with water absorption é’
(1300G)
g3
33
2 3
g5
8
w 3
@
QD
=
g b
g &
S S
@ &
3 g
= 3
«Q
5
335z
S @ 9
g g8
2879
3335
S 8%
52 ¢
2d g
g

Water absorption (%)
63 64

S}oNpo.a bulpjow
JO SBINSEBWIBJUN0D
pue sased jne



BNGY
2 8
£
g 8
. 5
<Polyamide resin> LEONA moisture dependency
358
22
(2) Surface resistivity z 2
Figure-63 Change of surface resistivity with water absorption Figure-65 Change of surface resistivity with water absorption
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(3) Volume resistivity
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Figure-66 Change of volume resistivity with water absorption Figure-68 Change of volume resistivity with water absorption
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(4) Dielectric constant % S
Figure-69 Change of dielectric constant with water absorption Figure-71 Change of dielectric constant with water absorption )
(13008) (FR370) sz
Frequency -(3 %
23C 25
Test piece thickness: 1Tmm &

23°C
o o Test piece thickness: 1mm
z T o
3 ] 23
= = 28
(=] o < 3
2 5
@ 2
L 8
=4 3 s
2 g
S
L O
)
3
Water absorption (%) Water absorption (%) o
L 3
. . . . . o Q
Figure-70 Change of dielectric constant with water absorption Figure-72 Change of dielectric constant with water absorption & &
= 3
(1300G) (FG170, FG172) Z
3
“( =1
23°C 2’C g3
o Test piece thickness: 1mm o Test piece thickness: 1mm §.
o [ @
e @
! g
= 53 g
Q o a
o o g
=2 =1 =}
128 @ s
335 =
S o 9
[ =R
88¢
§23
i5t
@9 s
2
Water absorption (%) Water absorption (%)
69 70

S}oNpo.a bulpjow
JO SBINSEBWIBJUN0D
pue sased jne



2 0
@ o
ss
ge
. =
<Polyamide resin> LEONA moisture dependency
h
L
(5) Dissipation factor g -
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(6) Comparative tracking index (7) Arc track resistance % &

. - . . Figure-77 Change of arc track resistance with water absorption
Table-9 Change of comparative tracking index with water absorption 9 g P

Resin name Water absorption (%) Arc track resistance (13008) g5
0.1 Above 600V % ®
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13008 24 Above 600V
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5 & 3
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® 0
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FR 370 § S
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2.9 Above 600V
Water absorption (%) £
The above physical values are the representative values measured according to the stipulated test methods and are for reference only when the . . . § <Q
material is selected according to the product usage.The physical values will be updated in the improvement of material formulas. Figure-78 Change of arc track resistance with water g ‘_a'z
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LEONA moisture dependency
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Water absorption (%)

Figure-79 Change of arc track resistance with water absorption
(FR370)
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4-2 Change of mechanical physical properties with temperature z 8
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(5) Weld line tensile strength
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Figure-95 Change of weld line tensile strength with temperature Figure-97 Change of weld line tensile strength with temperature

(13008) (FR370)
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Figure-96 Change of weld line tensile strength with temperature
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LEONA temperature dependency

4-3 Change of electrical characteristics with temperature

(1) Breakdown voltage
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Figure-98 Change of breakdown voltage with temperature

(13008)
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Figure-99 Change of breakdown voltage with temperature
(1300G)
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Figure-100 Change of breakdown voltage with temperature

(FR370)

Test piece thickness:
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5. LEONA evaluation methods z 3
Table 10: Summary of LEONA evaluation methods Summary of LEONA evaluation
s =
Test Test methods 3 X
Physical properties Test piece (unit: mm) Tester and test Physical properties Test piece (unit: mm) Tester and test g5
3
o

Tensile testing machine = Silica dilatometer
. Tensile speed 5mm/min 2 Coefficient of linear 5 §
Tensile strength 3 L
o ©€xpansion 3 &
) s
@,
Q
Tensile testing machine (strain L )
. <] Heat deflection 3 m
between marked lines) 3 Heat Dial test indicat 2 5
) . : 5 Hea Tester ial test indicator, g5
Fracture strain The same as Tensile speed 5mm/min, 50.8mm g deflection heating 2°C/min g5
between marked lines @ temperature
N g (2]
Tensile compression tester Dke”s"y a3
skewness S =
Bending speed 5mm/min, 50.8mm Relative density YVater_buoyan_cy method liquid g §
= Bending strength (Density) Density gradient tube Carb g
: between fulcrums o measuring equipment) wraoniorde ’
g o) ~Toluene
3. 2 o -
8 8
% % In constant temperature and 5 g
: 23
& Flexural modulus The same as The same as g Water absorption humidity room at 23°C and 50%RH g
Q Q
o o Measure the weight in balanced
g g i
2 2 Molding shrink R
= = Molding shrinkage 2 3
@ . Hammer [ 5 g
o . Izod impact tester @ (3mmt) Flow Measure after molding H
Izod impact strength Flow direction/ (Asahi direction s
. Fix right-angle direction Kasei Ronvandle (after 40h)
(With notch) Impact speed 3.4m/sec method) Use micrometer -
S
Rockwell hardness tester g
Roskwell hard R-Scale:12.7mmbD steel ball :
ockwell hardness
M-Scale:6.350mmD steel ball L o =
EE 2
2g3
Abrasion wheel
Taher ahrasion taster (CS1;3T';\Etone)
g 33
. g 2%
Taber abrasion test Load 1000g :g_, § rg)_
1000r <
gg¢g
e 3 =
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99 100 328
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<Polyamide resin>

Specifications and acts

6-1 UL specifications (Underwriters Laboratories Inc.)

UL is an American institution and specifications established privately for product safety tests for the

underwriter (Underwrites) to prevent electrical and fire accidents.The basic content of product safety tests include

elimination of reasons for product accidents, safety mechanism in case of fault, disaster prevention and fire

prevention.The confirmation system for raw materials and semi-finished products that cannot be used as parts and

semi-finished products is available in this approval system; the test items required for the parts and finished

product can be omitted through maintenance of this system.

Flame retardant test of plastic materials

Specification of short-term physical property evaluation
Specification of long-term physical property evaluation
Specification of electrical equipment usage evaluation

Specification of assembly parts (molder program)

Figure 113 is the flow chart of flame retardant grades of various materials in UL94 and Figure 11 shows the

test methods and criteria of UL94HB and V ratings.The rated temperature and UL PLC are explained in

P100~102.

Figure-113 Flame Retardance Summary of Various Materials in UL94

UL application

Injection molding grade
Extrusion molding sheets
Compression molding
sheets
Other molding methods

Self-extinguishm

At

Applied to the parts
with large area and
large size

Plywood

Thin film
(About below

10MIL)

Foaming body Paper and
net
Self-extinguishm
ent
101

Table 11: Test methods and criteria for 94HB and V rating

Flame
retardant

Iltem

Test piece
size

Sample
pretreatment

Sample fixation
method

Sample number

Flame length
(mm)

Test method

Criteria

Test piece size

Horizontal

1-inch blue flame

Draw marked lines at 1-inch
and 4-inch position at the
edge of the sample and
measure the burning velocity
between 3-inch marked lines
in the middle 30s after one
end contacts the flame.

(@ Flameout of marked line no
more than linch

@ Flameout of marked line no
more than 4 inches

® Below 1.5 inches/min if
the sample thickness is

0.120~0.125 inches

@ Below 3.0 inches/min if the
sample thickness is no
greater than 0.120 inches

Vertical Vertical Vertical

Treatment The same with The same with the
conditions the left left

3/4-inch blue flame 3/4-inch blue flame  3/4-inch blue flame

Keep the 6-inch flame away from the sample and measure the sample burning time 10s after the
lower center of the sample is in contact with the flame.

Immediately contact the flame again after flameout and move the flame 10s later.
Record the burning time, residual flame time and whether the surgical degreasing cotton
placed under 12-inch flame is ignited.

Anyitemofbdghis Anyitemofbdegh Anyitemofacefh
met. is met. is met.

Criteria

A1: 5"x1/2"x0.125"+0.005" and if required, minimum a. Discontinuous combustion for more than 10s after flame

thickness no greater than 0.062"
A: 5"x1/2"x minimum thickness

5"x1/2"x maximum thickness (not exceeding 1/2")
5"x1/2"x intermediate thickness (not exceeding

0.125")

Sample pretreatment
| : 48hr at 23+2°C and 50+5%RH
11: 168hr at 70+1°C

application once
b. Discontinuous combustion for more than 30s after flame
application once

twice on each and total 10 times
d. Burning time of 5 samples within 250s after flame
application twice on each and total 10 times
e. Degreasing cotton not burnt 12" after fire ball drops
f.  Residual flame time within 30s after second flame application
g. Residual flame time within 60s after second flame application
h. Pressing plate cannot be burnt

102

c. Burning time of 5 samples within 50s after flame application
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<Polyarmide resin> Specifications and acts

UL94 Burning test methods
Figure-114 HB (horizontal burning method)

Test piece

Metal 5"x5"

Table 12: Definition of 94HB

Test piece thickness

Figure-115 VB(vertical burning method)

Table 13: Definitions of 94V-0, 1 and

Flame out time (s)
Level
% Maximum

aoald 1s9]

Metal mesh

Burning velocity (in/min)

Degreasing
cotton on fire
caused by
molten drops

NA

NA

Available

Residual flame

time (s)

(* Each test piece is applied with flame twice for 10s each time

Surgical cotton

103

Description of certification table

Table 14: Example: UL certification of 1320S
(Since May 1996)

Thickness Rated PLC (PLC¥)
) High High Arc Arc track
Color Electrical External Flamma  Hot vire current arc voltage resistance resistance
characteristi ignition ignitability movement (D495)
cs With impact  Without

impact

All colors

(UL document No.E48285)
* PLC: Performance Level Categories

1. Rated temperature (relative temperature index): RTI
Rated temperature refers to the specific temperature when the initial physical values (electrical and
mechanical) fall to 50% after exposure to the atmosphere for 100,000hr.
(1) Electrical characteristics: Elec
Applicable to the operating environment not applied with external mechanical force, and judged according to
the dielectric breakdown voltage (short time method in the atmpsphere)
(2) External mechanical force (with impact): Mech. with imp
Applicable to the operating environment applied with external dynamic force (impact force, such as blower
falling). The thermoplastic plastics is judged according to the tensile impact value (the thermosetting plastic is
judged according to the izod impact strength value).
(3) External mechanical force (without impact): Mech. W/O imp
Applicable to the operating environment applied with external static force. The thermoplastic resin is judged
according to the tensile strength (the thermosetting plastic is judged according to the bending strength).

104
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<Polyarmide resin> Specifications and acts

6-2 UL PLC (PLC: PerformanceLevelCategories) implemented on February 1, 1985

(1) Hot wire ignition: HWI (imaging that the material is on fire due to overheating)
Table 15: HWI PLC

Range - average ignition time Corresponding PLC

120=Ignition time
T

so=ignition time <
120

so=ignition time <
60

15=ignition time <

(2) High current arc ignition: HAI (property of material on fire due to arc discharge)

Table 16: PLC of high current arc ignition

Range - average number of arc
(NA)

Corresponding PLC

120 =number of arc

so=number of arc<
120

so=number of arc<
60

1s=number of arc<

(3) Arc resistance: (measure the level of difficulty to form conductive paths on the material surface due to arc according

to ASTM D495)

Average arc resistance duration Corresponding PLC

420= arc resistance duration (TAR)
360= arc resistance duration 420
300= arc resistance duration 360
240= arc resistance duration 300
180 = arc resistance duration 240
120 = arc resistance duration 180
60= arc resistance duration 120

0= arc resistance duration 60

105

4) High voltage arc tracking rate: HVTR

This test is to image high-voltage and low-current arc discharge generated repeatedly on the surface in case of HV

power supply fault, so as to measure the difficulty in generating conductive path on the material surface.

Table 18: PLC of high voltage arc tracking rate

Range - tracking rate (mm/min) (TR)

0<tracking rate=10
10<tracking rate =25.4
25.4<tracking rate=80
80<tracking rate =150

150<tracking rate

Corresponding PLC

High voltage arc tracking rate refers to the rate of formation of conducting channel on the material surface under

standard test conditions and is measured by mm/min.

(5) Comparative tracking index: CTI

Minimum voltage to form permanent carbonized conductive path

Table 19: PLC of comparative tracking index

Range - tracking index (voltage V)

600 =tracking index (TI)
400 =tracking index <600
250 =tracking index <400
175=tracking index <250
100 =tracking index <175

0=tracking index <100

106

Corresponding PLC
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<Polyamide resin>

Specifications and acts

6-3 CSA specifications (Canadian Standards Association)
CSA outline

The electrical products, electric apparatuses, wires, electrical parts, materials, gas appliances, oil burning
appliances, motorcycle safety helmets and automotive seat belts other than the articles approved by local
inspection bureau of the state or CSA are not used or sold considering the personal safety (risk of electric shock in
electrical products) and fire safety (fire and other risks caused by short circuit, electric leakage and temperature
rise in electrical products) according to the decrees of each state in Canada.
However, the low voltage electrical equipment only with the battery as the power supply is considered as
non-dangerous goods and not limited by this provision.Above equipment not approved by the state inspection
authorities or CSA is subject to tour investigation by the state or CSA inspectors and, if disclosed, will be
withdrawn from the market at the costs of the buyer or punished according to unlawful acts.

CSA specifications

CS specification categories include CIVILENGINEERING of department A to MISCELLANEOUS of
department Z, in which, the safety specifications of electrical products classified as PARTIIC22.2 in ¢ electrical
department, part of MECHANICAL ENGINEER-ING (such as oil heat appliances) in department B and part of
AUTOMOTIVEWORK (such as automotive seat belts and motorcycle safety helmets) in department D are
approved according to CSA safety specifications and related to plastics.
The electrical department accounting for the vast majority of above CSA safety approval related specifications is
classified as the following PART I~V, and PART Il C22.2 in terms of electrical products is directly related to CSA
safety specification approval.
Table 20 shows burning test content and Table 21 shows the correspondence between the material test items and
UL.

PART | WIRING RULES

PART Il SAFETY STANDARDS FOR ELECTRICAL EQUIPMENT
PART Il OUTSIDE WIRING RULES

PART IV RADIO INTERFERENCE

PARTV MINES

107

Table 20: Combustibility of plastic materials

CSA specification (C22.2 No.0.6 test content)
No. Abbreviated Test name Test content Corresgqndipg uL
name specification
(@ Flame -127mm 2 Sample
-100x150mm ®n=3 @ (Flame . ) )
01 TestA 127mm burning test application time 15s - tim(e away from NA, strictest burning test in the
flame 15s x5 6 Burning after 4 times < world
30s (6 Burning after 5 times <<60s
®~®@ and G©) are the same as
above.@ (Flame application time 5s -
. time away from flame 5s) x5 @ Do the
02 B E]uar‘rgrri\glst‘est of flame retardant dropping objects cause fire on the B method of UL94-5
degreasing cotton?® Keep the
samples in clamping status until
non-combustion
03 c Horizontal/vertical tes_ts of Product test ) R
flame retardant materials (Irrelevant to the material manufacturer)
® 19mm yellow flame @@®) the
04 D Horizontal burning test/19mm Samﬁ a? ab;)ve(%o(Fliame f 19mm yellow flame test of
yellow flame application time 50s—away from portable devices in UL746 C
the flame -60s)X2 ®Burning
time <60s
Horizontal burning test at @ 25mm blue flame @ Sample-12.5
05 E 0.6HB level x125mm, consistent with UL94HB U L.94HB
(M19mm blue flame @ The same as
above @n=10
06 F Vertical burning test of 0.6V0~ | @) Flame application time 10s- away UL94VO~V2
V2 from the flame 10s later) x2,
qualification judgment consistent with
UL
@ Flame -127mm @
Burni ) Sample-_200><200mm ®n=5 (horizontal Burning test of shell of UL
o7 G urning test.of expansion and verpcal)l 1410 TV set and other
surface coating @ Burning time 60s after flame
N N 8 . products
application time <<5s without dropping
objects
@ 38mm blue flame @
Sample-50x150mm @n=10 @ Burning
08 H Burning test of foam materials time 60s after flame application time < UL94HF-1 (strictest in UL)
2s (4/5 samples), max<10s @ The
degreasing cotton does not catch fire
Itis consistent with HWI of UL746 A, but
09 | Hot wire ignition test (HWI) the sample size is 150 x13mm (UL is HWI of UL746A
127x12.7) and a little long.
10 J Burning test of fire retardant Consistent with test A;only test NA
surface coating and liner materials are different.
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<Polyamide resin>

Specifications and acts

Table 21: Test items of plastic materials

SOlSLIBJORIBYD [BW.IBY) PUE [BOIUBYOBI

souepadwi uoiubl pue [eouyos|3

uonesypusp|

CSA specification (test items of C22. 2 No.0.11)

Abbreviated name

Test name

Tensile strength and elongation at
break

I1zod impact strength

Drop impact strength

Bending strength

Heat deflection temperature

Vicat softening temperature

Relative temperature index

Tensile impact strength

Breakdown strength

Comparative tracking index

High current arc ignitability

High voltage arc ignitability

(Remark) % is cataloged for the first time and not in the cataloged

109

Corresponding UL specification
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<Polyamide resin> Specifications and acts g
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6-4 Supervision law on electrical appliances (electrical supervision law) b) Steps 35
(1) Purpose Press with a load bar after reaching the set temperature, preheat for 30min, apply 2kgf load for 1h, take out the test % >
This law stipulates the manufacturing, sales and use provisions for electrical appliances to prevent the fire, piece and immediately cool in 25°C water for 30min. e
electric shock and other risks caused by inferior electrical appliances and to reduce the radio noise. Measure the depth of concavity, make the following chart, obtain the temperature corresponding to the depth of .
(2) Definition of electrical appliances concavity of 0.209mm and take it as the hot ball pressure temperature. = S
(OIS
The electrical appliances are classified into class A electrical appliances and class B electrical appliances.Class § S
A electrical appliances refer to the electrical appliances with large possibility of danger or fault in terms of 5

structure or usage methods and the other appliances are class B electrical appliances.The appliances meeting
the following circumstances are selected as class A electrical appliances.
Class A electrical appliances
(1) Appliances with great possibility of danger or faults in structure
a. Appliances generating high voltage in the equipment
b. Appliances causing much fire in the equipment utilizing heat
c. Appliances hindering electromagnetic wave

AKouspuadap
ainjesadwa]

Ajneouod jo yydeg

(2) Suppliers with large possibility of danger and fault in terms of usage methods and other usage 20
conditions 5 %_:
1) Generally used in humid environment 2 §

2) Used during sleep time
3) Used outdoors Temperature ('C)
4) Mostly used by children
5) Used in different places
(3) Technical standards
The manufacturers and importers of the electrical appliances shall perform the obligations for making the ¢ Equivalent to the depth of concavity with the concavity hole diameter of 2mm
manufactured and imported electrical appliances comply with the technical standards, especially the standards
related to engineering plastics, including "ball pressure temperature" and “upper limit of operating temperature".

t1, t3: test temperature

t2: Hot ball pressure temperature

)
=1
a
[
Q
7]

suoneoyoads

Upper limit of operating temperature

Hot ball pressure temperature MITI Decree stipulatAes that "When approaching a temperature, the electrical insulator and thermal insulator % §
. . . . N . " i iti o Q
(1) The equipment body material is required to withstand the temperature under general working shall Ze al::]e to fu”i’. "Y;th:tt:nd """ te.mdtthe ma:enals may not be used under the temperature conditions § =
conditions.Withstanding the temperature refers to the circumstance that the diameter of the concavity hole is less exF:ee Ing the Upper Irﬁl ? e opera |ng emperature. o ) ] . Zz 3
than 2mm after a steel ball with the diameter of Smm is used to apply 2kgf static load for 1h at the temperature of This temperature, including inferred heat aging temperature (it is inferred that the dielectric breakdown pressure, tensile g
20°C higher than the reached temperature when the material of the supporting shell or electrical insulator is strength, impact resistance and other characteristics are not below 50% of the initial valve after 40,000hr), has been
thermoplastic confirmed and tested and registered in Japanese electrical appliances institute and is equivalent to the registered upper 33 =
" L . . N PP — . 20 S
. . X : 230
The temperature obtained through the steel ball is called hot ball pressure temperature. limit of operafcmg temperature (Detallgd material classification of each grade) Mor?over the upper limit of the operating 5y g
This test method is summarized as follows. temperature in MITI Decree schedule is the value under macrotaxonomy of the resins and the value of each grade cannot 3
a) Test piece be obtained. E
20mmx20mmx3mmt
Pretreatment for 100h in an air oven at 70°C 5w
D =
w 9
a
The registered upper limit of operating temperature is described below. S s

The temporarily registered value and formally registered value are available.The following figure is the flow chart
from application to registration.

(1) Temporary registration notice

10} PIOW

Resin manufacturer JET
Application form (Test of electrical

Processing factory p \
annliancas

Buipjow
uonoalu|

(2) Formal registration notice
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<Polyarmide resin> Specifications and acts

(1) Temporary registration refers to the remedial measure taken for the insulating materials with actual use
performance till test completion,
The upper limit of operating temperature is temporarily affirmed when either of the following two items is met.

1) The experimental results of the principal are added as additional data for insulators and in the results, the
upper limit of operating temperature exceeds the temperature 1 in the column of upper limit of
operating temperature in MITI Decree schedule of the stipulated technical standards for electrical
appliances and is within the range below the temperature 2 (refer to Table 23).

2) The formulas of the material submitted are subject to necessary chemical analysis and physical
measurement and the results show that the material is the insulator meeting temporary registration
conditions.

(2) When the following validation test is passed in the formal registration, the upper limit of the operating
temperature will be approved and registered.

Chemical analysis and physical measurement

Thermal aging property test (calculate thermal aging and infer the temperature)
Three items in bending strength, impact strength, tensile impact strength, tensile

Basic material strength,

test elongation at break and dielectric breakdown voltage (dielectric strength)
Only one item of dielectric breakdown voltage for the insulators not
subject to external mechanical force
Dielectric breakdown voltage +2 items for the insulators subject to
external mechanical force

Test material of the same series  Simplified test

Validation
test

Table 22: Example: Organic materials (thermoplastic plastics)

Upper limit of operating temperature

Type Class
(Material name) (Reinforcer) 1 2

Isobutylene resin

Cellulose acetate resin
Cellulose acetate resin  Butyrate resin

Polystyrene

Polyamide
Glass fiber

Polyamide mixture (for wires)

113

(4) Representation of table

Example: Upper limit of operating temperature of 14028

Black color
Test piece thickness
130°C of GF reinforced polyamide is MAX temperature

External mechanical force refers to external dynamic force
(Since July 1988)

Upper limit of operating temperature (C)

Thick Registration No. Unstamped
Color Electrical and thermal insulators
Temporary
Position not subject to external registration No.
mechanical force )
Black
Black

Code number of validation test dependent
Material class symbol
Registration number of material of the same
series
Registration No.

Temporary registration symbol

Example: Hot ball pressure temperature of 1402S

(Since July 1988)

Registered Registered Registration Remark

Temporary Including

Material class symbol Registration No.
The temporarily registered values
of Polyamide 66 are mostly 145°C

The formal registration system was used
from 1987 and the temporary registration
svstem was used in 5 vears

Remark
Comply with the provisions of relevant authorities when using these
specifications and decrees

114
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Fault cases
Mold for Injection and
injection molding countermeasu
molding technology res of molding

When
replacing the
metal

Water
absorption
characteristics

Product
design

Moisture Temperature Evaluation Specifications Long-term
dependency dependency methods and acts characteristics

General
specification

116

http://data.ul.com/ULiQ_Link/

Specifications and acts
* Refer to the following URL for latest values
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Table 24: UL certification list

6-5 Certification list
(1) UL certification

<Polyamide resin>
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Table 24: List of upper limits of operating temperature % >
Upper limit of operating temperature ('C) @
. Thermal
Motor insulator insulator Formal .g?
] Position Position temperature 2E
Trademark Color Thickness subject to Positign subject to (without seal) % @
(mm) external not subject external Tgmpqrary =
mechanical | toexternal | mechanical registration (Z)
force mechanical force Designation .
without force without ok
impact impact §§
LEONA All colors 3 E
13008 Su
All colors 3m
@ s
5t
All colors 5E
=]
LEONA All colors
13028 o
All colors § §
z
a
LEONA All colors
14028 ar
3 S
All colors gg
@ 3
g 3
LEONA All colors &
1402G
33 =
&o >
LEONA All colors 283
MRO001 a
5
All colors °
o
LEONA All colors &8
FR200 >q
LEONA All colors
FR370
RS
o 2
LEONA All colors %. o
FG170 s <
LEONA All colors
FG171
LEONA Al colors £33
a Q
FG172 358
o =]
=
Qe
117 118 seag
38 8
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<Polyamide resin>

Table 25: Hot ball pressure temperature registration list

Trade name

LEONA

LEONA

LEONA

LEONA

LEONA

LEONA

LEONA

LEONA

LEONA

LEONA

Trademark

119

Specifications and acts

Color

All colors

All colors

All colors

All colors

All colors

All colors

All colors

All colors

All colors

All colors

Registered
temperature ('C)

Registration
No.

Table 26: Horizontal burning registration list

Trade name and trademark

LEONA
LEONA
LEONA

LEONA
LEONA
LEONA

LEONA
LEONA
LEONA
LEONA
LEONA
LEONA

LEONA

LEONA
LEONA
LEONA
LEONA
LEONA
LEONA
LEONA
LEONA
LEONA
LEONA

Color

All colors
All colors

All colors

All colors
All colors

All colors

All colors
All colors
All colors
All colors
All colors

All colors

All colors

All colors
Al colors

Black
Black
Black
Black
All colors
All colors
All colors

All colors

120

Thickness

Burning
velocity

Registration
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Fault cases

Water . . P When Mold for Injection and
General . Moisture Temperature Evaluation Specifications Long-term . Product RPN "
specification mcmoﬁ_o: . dependency dependency methods and acts characteristics [splacinglthe design _:_mnﬁ,_o: el no:_:m::mm.mc
characteristics metal molding technology res of molding
N
AN
—
n
e
Q
©
©
C
]
(2}
c
o
o
@©
(&)
(&)
()
o
—
N
—

Table 24: CSA certification list

<Polyamide resin>
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==
71 C . Figure-117 Tensile creep (1300S) £s
-1 Creep properties (Stress I00kgf/cm?, DRY) g
(1) Tensile creep
2=z
8o
Figure-116 Outline of test methods 22
g 3
2

1. Test methods
Dial
Gauge

Kouspuadap
ainjesadwa)

(%) uress ajisual

Fulcrum

spoyew
uonenjeas

Sjoe pue
suoneoyads

Time (hr)

Chuck plate Test piece

Figure-118 Tensile creep (1300G)

wusy-6uo

peon

o
=
L
o
Q
o
a3
=
@

(Dial test indicator precision =0.01mm)
(Scale)

lelow

ay) buroeldas
usym

2. Test piece (unit: mm) 3. Calculation of bending stress

Tensile

ubisep
Jonpoid

Strain

(%) uresys ajisua|

Here, P: load (kgf)
t: Test piece thickness (cm)
(Thickness: 3mm) w: Test piece width (cm)
|: Deformation (cm)

puIpjow
uonoafur
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L: Spacing between clamps
(cm)
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§‘.
(2) Bending creep Figure-120 Bending creep (1300S)
2=z
38
3 £
g @
Figure-119 Outline of test methods 2

s % @
1. Test piece (unit: mm) 3. Calculation of bending stress and strain (:D ? é
=3 a2
a S
Bending (23 s
strain %.
Strain 32 3o
(Thickness: 3mm) e 52
22
P: load (kgf) 7 g
Cut above test piece from 130x110x3 L: Distance between the fulcrums (cm)
(mm) slab after injection molding. b: Test piece width (cm) .
d: Test piece thickness (cm) 2 %’
. . o O
Y: Deflection (cm) Time (hr) 2 §
=
Test 2
g —
s g
(Remark) o: Bending stress g &
(=1
2. Test methods @ 3
2
Distance between the fulcrums L Figure-121 Bending creep (1300G) ?
58 =
555
3
Fulcrum . ;?"
Deflection Y
Central concentrated W
load P e 2w
2 g
«Q = @
@
S
=}
= 35 =
= % o
3s¢
g3z
328
£as
g
Time (hr)
o (Bending stress): 75kgf/cm? 3 § E-?
23 =
3 o
125 126 £
s 353
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(3) Compression creep 7-2 Relieve stress B
Figure-122 Outline of test methods ) . & =
9 Figure-124 Outline of test methods ?‘2 S
3 £
o @
3
Q
1. Test piece (unit: mm) 2. Test methods ) ) ) )
Bending stress relief tester Test piece (unit: mm)
(Thickness: 3mm) Compressive load (P) _@ g
2%
o =
g A
g
7 <8
5
c
3
(Thickness: 3 mm) 3 0
=
Displacement Glass plate g §
detector The loadometer may use the gasket to S
Steel plat adjust the height and change the strain
3. Calculation of compression eel plate Pressure element  capacity generated from the test piece.
st.ress and strain Test piece (Load) Adjust the strain capacity to 5mm for test. 30
Q @
Compression 8 %
stress -1
S
Compression Steel Glass plate @
strain
P: Load (kgf) | : deformation (cm) Figure-125 Bending stress relief (1300G) S5
. . D >
b: Longitudinal width (cm) t: Thickness (cm) 3 e
w: Horizontal width (cm) & %
z
H
Figure-123 Compression creep (1300G) 3 < %
[SIY
%_ =]
«Q
5
@
—
3
8 53
g E
3
©
g
@, 33 %
S s8a
A 23s¢g
S
=}
<
k> §335
328
g8 s
g
Time (hr)
ggg
Time (hr) %- 5 g
=] % 2
127 128 £
3
S 3 a
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<Polyamide resin>

7-3 Vibration fatigue characteristics
(1) Bending vibration fatigue S/N
Test methods
@  Test specification ASTM D671
@) Vibration fatigue machine  Constant-stress repeated vibration fatigue machine
(manufactured by TOYOSEIKI)

(3 Test conditions

Environment temperature20, 80, 120, 140°C
Test stress range  150~950 (kgf/cm?)
Test speed 1,800 +4cpm (times/min)
Maximum vibration frequency 107 times

@ Relationship between test piece thickness and load

Bending stress  Set target stress (kgf/cm?)
Fixed width of cantilever (test piece width) (cm)
Test piece thickness (mm)
(Ex Length of load points from fixed part of cantilever to free end (cm)

Load (kgf)

® Test piece (unit: mm)

Bending strain

(Thickness: 3 mm)

129

Long-term characteristics of LEONA

Buipuag

Buipuag

Figure-126 Vibration fatigue characteristics (1300S)
(Test conditions 23°C, 50% humidity)

Vibration times (time)

Figure-127 Change of vibration fatigue characteristics with water absorption (1300G)
(Test conditions 23°C, 50% humidity)

Vibration times (time)
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<Polyamide resin> Long-term characteristics of LEONA
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19}

Figure-128 Vibration fatigue characteristics (1300S) Figure-130 Vibration fatigue characteristics (1300G)
(Test conditions 50% humidity) (Vibration times 107 times)
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Figure-129 Vibration fatigue characteristics (1300G)
(Test conditions 50% humidity) Test piece (unit: mm)

(Thickness: 3 mm)
Cutting after injection molding
Flow direction Right-angle direction
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Figure-131 Vibration fatigue characteristics (1300G) 2) Load-(-:ontrolled tensile vibration fatigue S/N (source: F.?es.m fatigue research society)
Test piece: 1402G (PA66GF33%), ASTM-D1822 Tensile impact dumbbell TypeS = =
) . . . - h 3 o
Cutting flow direction after Fatigue conditions: Tensile - tensile, minimum load 5kg, sin wave % g
injection molding 2
Figure-133 Change of fatigue S/N curve with environment temperature (f=20Hz) L
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Fatigue life N

Figure-132 Vibration fatigue characteristics (1300G)
Figure-134 Change of fatigue S/N curve with environment temperature (fF=20Hz)
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7-4 Friction and wear characteristics Figure-136 Surface roughness and friction coefficient of materials against wear % >
(1) Friction characteristics i
Each grade of LEONA has self-lubrication property, so the friction and wear characteristics are §- S
good.The friction and wear characteristics of 1330G are further improved. 1300S(DRY)/S45C steel E; %’
Table 28: Friction and wear characteristics of resins P=2kgficm? 2
Y V=18cm/sec
i 2 Without lubrication
L Boundary PV Coefficient of o
Resin name Frlc.tul)n pbonid wear E] % @
coefficient g !
o] 2 e
LEONA 3 gk
8 23
2
£
El
i
S
(Homo)
g w
Surface roughness of materials against wear Ra (um) B 3
Measurement conditions: pin-on-disc friction and wear tester Material against wear: S45C steel (Ra: Centerline average roughness) g3
* 1. Surface pressure 10kgf/cm? * 3. Surface pressure 1.5kgf/cm? Linear velocity 60cm/sec Figure-137 Friction characteristics of 1402S %
* 2. Surface pressure 10kgf/cm2, value in melt status Coefficient of wear=wear loss/load x (Without lubrication)
slide distance S 5
(Remark) Measurement of test piece under absolute dry conditions (cm?) (kgf)(cm) g g
(=1
3. 3
Figure-135 Friction coefficient and linear velocity of %
58 =
T =g3
y g 3
g ) g
5 8
Q (0]
> [©] a &
o) 2 =8
2 POM(Homo) =
S
35 =2
S o 9
29 a
3s¢
Linear velocity (cm/sec)
o =
Measurement conditions: Sliding wear tester Material against wear: S45C steel Surface % s TE
pressure: 10kgf/cm? £ds
) Linear velocity (cm/sec) g
(Remark) Measurement of test piece under absolute dry conditions Measuring temperature: (Remark) Use S45C steel as the material against wear and measure with the sliding friction
20°C tester 383
2% Measure after aging for 190hr in 170°C rotatable oven § 5 s
@
t3 8
386
135 136 8%
9 3 a
(2N
o
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(2) Wear characteristics Figure-140 Surface roughness and wear loss of materials against wear 3
Figure-138 Wear characteristics of LEONA (1)(1402S) o=
3 o
Use sliding friction and wear tester % g’
Surface pressure 2kgf/cm?, linear velocity 18cm/sec, material g @
<

against wear S45C steel

o
%$
s 3
3
a 2
23
[=4
23

=
8
il 39
o 5 9
@» 3 €
@ a 2
2 5
L
o
]
o 0
a3y
o 9O
gz
e
g
Sliding time (hr) 7}
(Remark) Measurement of test piece under absolute dry conditions S5
58
Q7
g3
é’.
Figure-139 Wear characteristics of LEONA (2)(1402G)
28z
13 g_ ]
Surface roughness of materials against wear Rz (um) @
Material against wear: S45C steel =)
Contact area: 1 cm? Sample 1402G (roughness 20.6umRz)
Linear velocity: 30cm/sec o T
o =
s Slide distance: 2.16km Material against wear é g
g Tester: sliding wear tester S45C steel 2
g Surface roughness
@ 35z
S o 9
a9 a
3s¢
Test Contact area
Slide distance
Linear velocity 8 3 =
ER=E-!
Surface pressure 833
g
Average roughness of 10 points
Surface pressure (kgf/cm?)
38¢
(Remark) Measurement of test piece under absolute dry conditions %‘- % g
g3
137 138 28e
233
(2N
=3
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Figure-141 Influence of water absorption 8
2 =
38
2 &
(=D @
2

Kouspuadap
ainjesadwa)

$S0| Jeap

spoyew
uonenjeas

)
a3
o O
g:’l
2]
S
>
»

o -
T o
Water absorption (%) § 3
Q@
o 3
g 3
Sample 1402G 5
Material against wear ~ S45C steel (Surface roughness 1.2umRz)
Test conditions Contactarea  1cm? gg §
Slide distance: 2.16km B3
>
Linear velocity: 30cm/sec “53._
Surface pressure 60kgf/cm? ©
[=N]
3 3
gg
> a8
35<
S o 9
a9 a
3s¢
e
328
g8 s
Q
<
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7-5 Drug resistance (2) Drug resistance (2)(qualitative changes of physical properties)
(1) Drug resistance (D (Judgment of outstanding, good and acceptable) .
. . ; ) . . a) Description of symbols &=
Polyamide 66 resin has weak acid resistance generally but has very strong resistance to other chemicals, ) ) ) o ®a
. — . The arrow symbols in the form of physical property change rates have the following significances. 3 E
organic solvents and lubricating oil. o @
2
Table 29 Drug resistance of LEONA (D (Judgment of outstanding, good and acceptable) Symbol Significance
Drug name Level Drug name Level Drug name Level 2 o
[0}
Water - Ethanol Toluene Outstanding Acetic acid Unacceptable e Th . . . ° 3
e physical property is not changed in the test process. C
class Good Xylene Outstanding 40% Unacceptable physical property | ged! P § §
Water Outstanding Cyclohexane Outstanding Benzoic acid ® The physical property is increased (" ) or decreased (') at the start 3E
Methanol Good Halide Inorganic acetic of the test and then not changed. @
Ethyl alcohol Good Dichloromethane Good acid Unacceptable ® The physical property is constantly increased (/") or decreased ( ™) in
Propanol Good Trichloromethane Good Hydrochloric Unacceptable the whole test period. 3m
Butanol Outstandin Trichloro ethyl tstandi id 29 tabl 25
9 riehioro einylene Outs and!ng acid ./° . Unacceptable ® The physical property is not changed within a period of time after start of 3§
Ethylene Outstanding Perchloroethylene Outstanding Sulfuric acid Unacceptable . 5 4 o =
h o the test.The physical property has the trend of increase ( ) or decrease ® 9o
glycol Good Carbon Outstanding 2% %) at the end of the test )
Glycerin tetrachloride Nitric acid (" )atthe end of the tes
Benzyl alcohol 2% ® The physical property is reduced at the start of the test and then constantly
Chromic increased from a point subsequently. 2 o
©
acid 10% o 8
Acetaldehyde Phenol Inorganic salts & §
and ketone Good Phenol Unacceptable Sodium Good b) Consider water absorption §‘
il i o
Formaldehyde Good Resorcinol Unacceptable hydroxide Good LEONA absorbs water or dehydrates according to the moisture concentration in the environment
Acetaldehyde Good 50% Good ) ) ) ) ) ) )
Benzaldehyde | Outstanding Ammonia until the balanced water absorption status,so the changes in the weight, dimensions and physical 55
Acetone Outstanding water 10% properties of LEONA immersed in the drug are the general performance of water absorption change 3 8
Methyl  ethyl Potassium and drug influence of LEONA. & 3
ketone hydroxide 2y
50% ) ) ) . o @
Esters Inorganic The values in the brackets in the row recording "Consider dehydration" in the test data sheet only
Ethyl acetate Outstanding matters Outstanding consider the change rate affected by the drug. 38z
Sodium Outstanding The drug impregnation test under the water absorption status will be affected by the physical 558
:g;)onate property changes and the drug after water absorption. @
o =
Sodium a. Measure the water absorption of the samples impregnated in the drug. @
chloride b. Speculate the weight and various physical property values of a water absorption.
10% c. Subtract the measured value of the weight and various physical property values after drug § g
Hydrocarbon Organic acids Oils impregnation by the value obtained in second item above. &=
Paraffin Outstanding Formic acid 85% Unacceptable Gasoline Outstanding -
Benzene Outstanding
Description of levels  Excellent: aimost no change in dimensions and weight 35 =
Good: Change in dimensions and weight % 8 g
=
Acceptable: slightly corroded 2 58
Unacceptable: corroded and dissolved
At 20°C L. o =
113
3239
g8 s
2

141 142

383
O o
o £
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S
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S a0
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Table 30: Drug resistance of LEONA @(qualltatlve changes of physical properties-1) * Izod impact strength (with notch) .=
Test Dimensions Bending Bending elastic ~ Tensile strength Breaking strain  Impact strength )
es Status of test ChWe'Q"“ Change rate strength change modulus Change rate Change rate Change rate * Appearance o g.
. \ange rate a =5
DrUg typES Temper  Period Grade piece before e change rate g @
awe  (0ay) start of test <
i X Water absorption
Sodium chloride water (saturated, pH=7.9) 3.1% Unchanged o o
Calcium chloride water (saturated, pH=5.5) Water éﬁ’f/f”’"“” Unchanged %; g
Magnesium chloride water (saturated, pH=7.2) Wateraaﬁ)osorption Unchanged § §
Zinc chloride water (saturated, pH=0.2) Water absorption Cracks E %
1%
Absolute dry
condition 3m
Methanol Watersa?;orption Turn yellow 25
1% 3 c
Methanol Absolute dry § =S
condition s}
Ethyl alcohol Water absorption Unchanged >
Ethylene glycol 3.1%
Y 9y Absolute dry
Propylene glycol condition Turn brown
. Absolute dry Ab (S}
Brake fluid (JIS B2401) condition ove Cracks 33
. o 9O
Diethylene glycol 23
D
Ethylene glycol diethyl ester Absolute dry g
Ethylene glycol diethyl ester condition The same
Brake fluid (the same as above) Absolute dry as above o -
condition S5
Absolute dry 23
condition Unchanged g &
Iso-octane/toluene 5/5 Water absorption 2 3
3.1% Unchanged @
Iso-octane/toluene 5/5 Water absorption 2
3.1% Unchanged @
Iso-octane/toluene 4/6 Wateraai‘?f/srpuon Unchanged
Gasoline (ENEOS silver, Nippon Oil Corp) Absolute oy Unchanged g8 =
N " o condition )
Gasoline (ENEOS gold, Nippon Oil Corp) Absolute dry T2 >
. . X condition Rockwel Q
Gasoline (smoke-free high octane; Shell) Absolute dry haraness %:
I . diti
Gasoline (synthesis: iso-octane 1 + toluene 1) Aﬁ:;u"fgry
. condition
Gasohol [(iso-octane 1 + toluene 1) + ethyl alcohol 20%] Water absorption s
e o, 9% @ o
Gasohol [(iso-octane 1 + toluene 1) + methanol 15%] (Consider g g
Diluent (for coating, Daeshin dehydration) Unchanged 2
uent (for coating, Daeshin) Water absorption 9
1.9%
(Consider h
White kerosene (Nippon Oil Corp) dehydration) Unchanged 3 (_51’3 g
Absolute dry % % c
condition 2 83
Water absorption
. . . . 1.9%
Milling oil (#1, Nippon Oil Corp) (Consider
- . dehydration) = -
Milling oil (the same as above) Absolute dry g3 =
condition ERSR:Y
Water absorption Slightly % 3 8s
) ) . 1.99
Motor oil (Chima 300, Mobil) (Consider discolored 2
Engine oil (#120) dehydration)
39 m
3 o
143 144 £
5S 3
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<Polyamide resin>

Drug types

Cutting oil

Industrial oil (shell telluss27, Shell)
Industrial oil (the same as above)
Anti-rust oil (P5600, LUBE TECH)

Anti-rust oil (the same as above)

Anti-rust oil (P5850, LUBE TECH)

Anti-rust oil (the same as above)

Lubricating oil (Alumix TN02, KYODO YUSHI)
Lubricating oil (MARUTENPU TA, KYODO YUSHI)
Lubricating oil (MARUTENPU PSNO0.2, KYODO
YUSHI)

Lubricating oil (the same as above)

Lubricating oil (KONIRU-PU N0.0 0, KYODO YUSHI)

Lubricating oil (the same as above)

Lubricating oil (Molub Alloy,Imperial & Grease Co.)

Lubricating oil (G30M, ShinEtsu)
Lubricating oil (the same as above)
Castor oil

Colza oil

Margarine (Snow Brand Milk Products)
Margarine (the same as above)

Butter (Snow Brand Milk Products)

Butter (the same as above)

145
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Drug resistance of LEONA @(qualitative changes of physical

Test

Temper
ature
(c)

Period
(Day)

Status of test
Level piece before
start of test

Water
absorption 1.9%
(Consider
dehydration)

Absolute dry
condition
Absolute dry
condition
Absolute dry
condition
Water
absorption 1.9%
(Consider
dehydration)
Absolute dry
condition
Water
absorption 1.9%
(Consider
dehydration)
Water
absorption 3.1%
Water
absorption 3.1%
Absolute dry
condition
Water
absorption 1.9%
(Consider
dehydration)
Absolute dry
condition
Water
absorption 1.9%
(Consider
dehydration)
Water
absorption 1.9%
(Consider
dehydration)
Absolute dry
condition
Absolute dry
condition
Absolute dry
condition
Water
absorption 1.9%
Absolute dry
condition
Absolute dry
condition
Absolute dry
condition
Absolute dry
condition

Weight
Change rate

Dimensions
Change rate

Bending
strength change
rate

Bending elastic
modulus
change rate

146

Tensile strength
Change rate

* 1zod impact strength (with notch)

Breaking strain
Change rate

Impact strength
Change rate *

Appearance

Turn dark
green
Turn dark
green

Unchanged

Unchanged
Unchanged

Slightly
discolored
Slightly
discolored

Unchanged
Turn brown
Turn brown
Turn brown
Turn brown

Cracks
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<Polyamide resin> Long-term characteristics of LEONA s
Q o
835 °
o]
’@: s
(3) Drug resistance @ (quantitative changes of physical properties) a) Oil resistance (gasoline, engine oil, gear oil, brake oil and lubricating oil) 2
a) C.)il reiiistanltl:e (gazoline', eng.ilne oil, ?;e::ar (t)rill, brak:(a (:il azci Iutbr;c"':lting Ioil) o I Figure-142 Gasoline resistance of 1402G .
asoline ar] . engine oil are §o in the mar. et and tested in a closed hig pressurelvejsse - (With activated carbon at 1351) E 2
® The gear oil is made by adding general anti-wear reagent at extreme pressure (anti-sintering agent 23
of gear, i.e. organic compound containing sulfur, phosphorus, chlorine and other elements), dibenzyl 53

disulfide and 5% tricresyl phosphate in the engine oil.

® The brake oil is made by adding antirust agent and other additives in the main component ethylene
glycol.Due to volatile components, the oil resistance test is conducted in a closed high pressure
vessel.

® MARUTENPU PSNo.2 of KYODO YUSHI is used as the lubricating oil.

Kouspuadap
ainjesadwa)

b) Liquid resistance (LLC, window cleaning solution)

(%) ulens
alnjoel} Jo 8jel uonusley

spoyew
uonenjeas

¢) Acid resistance (hydrochloric acid, sulfuric acid and nitric acid)

d) Resistance to other drugs

e) Ozone resistance

Sjoe pue
suoneoyads

f) Long-term characteristics of 1402S

(%) wbuens
pIalA ajiIsua} Jo a)el uonusley

wusy-6uo

o
=
L
o
Q
o
a3
=
@

33 =
. . ® T T
Impregnation time (hr) 552
3
. . . «
Figure-143 Gasoline resistance of 1402G =
. . of ©
P (With activated carbon at 23°C)
g
Q T
i
«Q
5 5 g
3 =1
=
@
o
e
= -
g 335
(7] 2 9 a
2 2879
o
g
@
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3 832
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Impregnation time (hr)
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Figure-147 Life characteristic of 1402S in engine oil Figure-148 Oil resistance of 1402S i
Relationship between time and temperature when the retention rate of (In gear oil)
fracture strain and .§' E
tensile yield strength reaches 50% in the air environment and in the engine (1] g.
ail g g 3
Q
g g
=
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=
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@ ° 3
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XQ 2 e
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o) strength = 52
3 g S 7=
ki Fracture strain @ %‘
=}
8
=
) Py
—_ 9.- L »m
K @
£ 3 ]
o 8 =
8> i
oo g
3a 3
5.,
E3 S5
2 A
o S g
< e 3
o) g 3
o g
58 =
. Impregnation time (hr) S
Time (hr) e
«Q
Figure-149 Oil resistance of 1402G 3
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Figure-150 Oil resistance (gear oil) of LEONA Figure-151 Life characteristic of 1402S and 1402G in engine oil
(Difference of change rates up to 0.2% at 120, 150 and 170°C) Relationship between time and temperature when the retention rate 2=
’ ’ of fracture strain and 32
tensile strength reaches 50% in the air environment and in the gear 3 E
oil o @
Q
Q

(Tensile strength)

a
%6‘
s 2
3
a2
g8
g
23

=
@.
Q ¥
= (Tensile
S strength) 3 m
B = 25
3 [0 I =
Q 3 £
[0 3 = 2
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Figure-156 LLC resistance of LEONA
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Figure-158 LLC resistance of 1300G
(Tensile strength/Impregnation time)

LLC

Impregnation time (hr)

Figure-158 LLC resistance of 1300G

Long-term characteristics of LEONA

Impregnation
temperature:
130°C

(Weight and dimensional changes/impregnation time)

Impregnation time (hr)

161

LLC 100%
Weight LLC 50% aqueous solution
LLC 30% aqueous solution

Thickness
Impregnation temperature: 130°C

Test piece (unit: mm)

Length

(Thickness: 3 mm)

Length
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Figure-160 LLC resistance of 1300G (140°C)
(LLC 50% aqueous solution)

Initial value (value after impregnation for 20hr)
Tensile strength
|1zod impact strength

Dupont impact
strength

Impregnation time (hr)

Figure-161 LLC resistance of 1300G (23°C and 120C)
(LLC 50% aqueous solution)

Test Initial After impregnation
temperature  value for 20hr
Tensile strength

Impregnation time (hr)
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Figure-162 LLC resistance of 130G Figure-164 LLC resistance of 1300G
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Long-term characteristics of LEONA

Figure-166 LLC resistance of 1300G (flow direction)
(Tensile strength/test piece thickness)

LLC temperature: 130°C
LLC 50% aqueous solution

Test piece Tensile strength
Thickness  (kgflcm?)
(mm) Initial value (5hr later)

Impregnation time (hr)

Figure-167 LLC resistance of 1300G (flow direction)
(Tensile strain/test piece thickness)

LLC temperature: 130°C
LLC 50% aqueous solution

Tensile strain (%)
Initial value (5hr
later)

Test piece
Thickness
(mm)

Impregnation time (hr)
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Figure-168 LLC resistance of 1300G (right-angle direction)
(Tensile strength/test piece thickness)

Test piece
Thickness
(mm)

LLC temperature: 130°C
LLC 50% aqueous solution

Tensile strength
(kgflcm?)
Initial value (5hr later)

Impregnation time (hr)

Figure-169 LLC resistance of 1300G (right-angle direction)
(Tensile strain/test piece thickness)

Test piece
Thickness
(mm)

LLC temperature: 130°C
LLC 50% aqueous solution

Tensile strain (%)
Initial value (5hr
later)

Impregnation time (hr)
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<Polyamide resin>
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Long-term characteristics of LEONA

Figure-170 LLC resistance of 1300G
(Bending strength/molding cycle)

LLC
temperat

Injection time Bending strength (kgf/cm?)

/Cooling time (sec) Initial value (20hr later)
Impregnation time (hr)
Figure-171 LLC resistance of 1300G
(Izod impact strength/molding cycle)

LLC
temperat

Injection time Izod impact strength (kgf-cm/cm)
/Cooling time (sec) Initial value (20hr later)

Impregnation time (hr)
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Figure-172 Window cleaning solution resistance of LEONA
(Normal temperature)

1402G (fracture)

14028 (yield)

Impregnation time (hr)
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Figure-173 Window cleaning solution resistance of LEONA ¢) Acid resistance (hydrochloric acid, sulfuric acid and nitric acid) B
(Normal temperature) Figure-175 Hydrochloric acid resistance of 1402G (liquid temperature 20°C) oz
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Figure-181 Nitric acid resistance of 1402G (liquid temperature 20°C) Figure-183 Nitric acid resistance of 1402G (liquid temperature 20°C) 7
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) 1 (sodium chloride, sulfuric acid, calcium nitrate and formaldehyde)
d) Resistance to other drugs
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! ) Figure-185 Drug resistance of 1300S (90°C) E é.
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e) Ozone resistance f) Long-term characteristics of 1402S
) 2 =
(a) Drug resistance 85
Table 31: Ozone resistance of 14028 Gasoline (standard, high octane, synthesis) ‘§ %
o @
Oil (torque converter, transmission, motor and brake) E
Cond Ozone (03): 0.05ppm — .
on Environment: 40°C x50~60%RH Lubricating oil (ALMIX, MARUTENP)
Test time: 30 days Ethyl alcohol (methanol, ethylene glycol)
Specimen: start under balanced water _@ g'
absorption status (WET) 2o
Brine saturated Sodium chloride, Magnesium chloride, Calcium chloride, Zinc chloride 2 g
solution G-
Item Unit Initial value After test Other Window cleaning solution and supplementary

acid for battery

o Co
Tensile yield strength 5% sulfuric acid and LLC

spoyew
uonenjeas

Placement at Wet fastness Corrosive gas Nitrous acid gas
high resistance...ozone (SO2)
Fracture strain temperature Brine spray Temperature shock
. [
Weight change Molding conditions of LEONA grade and test piece for evaluation § g
® |EONA1402S natural color (heat resistant grade) & g"_:
Dimensional change rate ® LEONA1402S black (color modulated by black masterbatch) g

® | EONA1402S green (color modulated by green masterbatch)

Appearance change Unchanged
o -
T o
Table 32: Molding conditions of test piece § §
= O
g3
2
Item Conditions @
Molding machine Sumitomo NEOMATTO N47/28 :10Z § ';g': %
& § g
Screw revolution o
® . Nozzle side  Hopper side
2 Charging barrel 280C — 280°C — 270°C o o
g 23
§ Mold S s
Injection molding
35<
S o 9
Back pressure Natural « black: no load gac
Green 60kgf/cm? 2888
Injection speed 12 scale (intermediate speed)
. g3 3
Plasticization stroke 37mm (residual volume 2~3mm) gg2
£d3
g
° Injection molding
£
[ i Q m
Cooling é c%, E
5@
179 180 g8 o
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Figure-188 Thermal aging (contrast with nylon 6)
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7-6 Thermal aging resistance (in the air)
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Long-term characteristics of LEONA

Figure-190 Life characteristics (keep tensile strain 50%)

LEONA 14028

Initial value

LEONA 1300S

Time (hr)

Figure-191 Life characteristics (keep tensile strain 50%)

LEONA 14028

LEONA 1402S

Initial value
LEONA 1300G

Time (hr)

189

(¢3) @anjesadwal

Figure-192 Life characteristics (keep tensile strain 50%)

Flow
Right-angl direction
e direction
Time (hr)

Test piece (thickness: 3mm)

1) Flow direction

(Injection molding product)
JIs2

2) Right-angle direction

Film gate (gate thickness: 1mm)

(Cutting after injection molding)

Direction of orientation
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=
7-7  Weather fastness Figure-193 Weather fastness of LEONA (Solar spectrum weather fastness test equipment) % S
(1) Conduct acceleration test with Solar spectrum weather fastness test equipment (irradiation by @
carbon arc lamp) § g
(a) Test methods g2
a =5
Implement according to JISA1415 (g' % e
e
- Carbon arc lamp %
- Black panel temperature 63+3°C % 2 &
- Spray time (water): spray for 18min per 120min @_ § gb
= & s
(b) Test piece
Make a 130mmx110mmx3mm slab through injection molding and then cut into the following 3m
. 25
small test pieces for test. Range of tensile strength at the §_ =
water absorption of 2.0~2.5% &
without light
Gate
52
s 8
qQ =
& 8
8‘4
(Unit: mm) @
The samples JIS K6301 #3 are cut (with ul
some changes *) * Change the maximum width of the sample 2 ::)r 5
from 25mm to 12.7mm g 33
S § &
2 g 3
o Z
=1
(c) Judgment method of degradation 33 =
(0]
Take the samples subject to stipulated illumination time from the solar spectrum weather fastness & ‘§ §
. . ) . o . =
test equipment and place in the environment at 20°C and 50%RH for 20h for tensile test. Note) The tensile fracture strain is the value between the =
- Test conditions Tensile speed ~ 50mm/min clamps
Distance between the clamps: 45mm o o
o =
Environment: 20°C 50%RH s &8
[N = &G
@ =1
QO
8’ -
] 333
3 sgs
s 3879
> Range at the water absorption of
2.0%~2.5%
g3z
328
£as
g
lllumination time (hr)
38D
g5 £
3 o
191 192 £
S 3 a
& &
o
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3 ST
Q T
Figure-194 Weather fastness of LEONA (Solar spectrum weather fastness test equipment) (2) Outdoor illumination test g5
|7}
(a) Test methods 9
Put the samples in the coast near Nobeoka, Miyazaki Prefecture and illuminate the samples outdoor for
two years.Install the samples in a sample platform at 45° angle with the horizontal plane towards the ?%_ §
ez
§ south. & 3
2 (b) Test piece <
2 Make a 130mmx110mmx3mm slab through injection molding and then cut into the following small test
g pieces for test.
«Q
5

Kouspuadap
ainjesadwa)

spoyew
uonenjeas

(Unit: mm)

The samples JIS K6301 #3 are cut
(with some changes *) * Change the maximum width of the sample

from 25mm to 12.7mm (I
3
5 8
Change range of tensile strength at §, 3
the water absorption of 1.5~2.0% “6%
without light 2
(c) Judgment method of illumination aging
Place the samples subject to stipulated outdoor illumination time under the environment at 20C and ::,f g:>
- . s Q@
3 50%RH for 24h before tensile test. ga
g 23
@ 8
@
B =
g igz
555
Note) The tensile fracture strain is the value @
between the clamps 3
[=N]
= 83
() g g
T = @
Q
o
]
g 238
E) 2s¢g
Range of moisture content
1.5%~2.0% 3 335
9 2%
3239
gag
Q
<

lllumination time (hr)

193 194

39 m
o o
o £
= = =
S
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<Polyamide resin>

Long-term characteristics of LEONA

Figure-194 Weather fastness of LEONA (outdoor illumination)

yibualys ajisual

uondiosqe Joyep

Change range of tensile strength at

the water absorption of 1.7~2.7%

without light
Change range of tensile strength at
the water absorption of 3.0~4.0%
without liaht

Water absorption range
3.0%~4.0%

Water absorption range
1.7%~2.7%

Outdoor illumination time (month)
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(3) Xenon lamp illumination test
(a) Test methods
ASTM D2565
(Xenon lamp)

(b) Test piece (thickness: 3mm)

1) Flow direction

(Injection molding product)

Black panel temperature Jis2

63+3°C
Spray time (water) Gate

Average 18min per 120min
2) Right-angle

direction

(Sheet thickness: 1mm)

(Cutting after injection
molding)

Direction of orientation

Figure-196 Weather fastness of LEONA (xenon lamp) (1300G black)

Right-angle direction

Flow direction

yibuaJys 8|1sua) Jo a1l UonualeY

Initial value

lllumination time (hr)
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3S8@
Jelasl
=
7-8 Electrical characteristics under high temperature and high humidity conditions (2) Dielectric strength @ 7 S
[+]
’ . a
(1) Dielectric strength Humidifying method: JISC-5020 (use monopotassium phosphate saturated
Humidifying method: JISC-5020 (use monopotassium phosphate saturated aqueous solution steam) 2=
) S
aqueous solution steam) Sample thickness: Tmm % g
. . @
Sample thickness: 1mm Test method: JIS K-6911 :

Measurement method: JIS K-6911 Rate of voltage rise: 1KV/sec

Rate of voltage rise: 1KV/sec Humidifying environment: 25~30°C 96~97%RH
Humidifying environment: 40°C  93% RH

Figure-199 Short time method

o
%$
s 3
3
a 2
23
[=4
23

Figure-197 Short time method

9 5 m

[0}

@ 25
=) Q 7=
o =S & &
= o
) =
o g
e <
a > L »m
© 8 g
] 23

=
5 & 8
z
=3
o
o -
T o
D >
s @
g%
= O
o 2 3
Aging time (hr) &
8
Aging time (hr)
. 13%
Figure-200 Phase method £33
558
Figure-198 Phase method 3
5
@
9
<) 2
g 3 83
% = S g
Q o -
=1 28
3 =
o g -
3 Q 335 =
a = g8 2
= 3s¢
Eies
E-4 -}
S 2
gés
g

Aging time (hr) 337
Aging time (hr) g5¢%
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Long-term characteristics of LEONA
Figure-201 Change of surface resistivity
Aging time (hr)
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(3) Surface resistivity

Surface resistivity
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Figure-203 Change of surface resistivity (1300S) (4) Dielectric constant
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Figure-205 Change of dielectric constant (1300S)

Test piece thickness: 1Tmm
60Hz

Aouspuadap
ainision

Kouspuadap
ainjesadwa)

AjIAnsisal oeung
1UBISU09 SUj08IBIQ

spoyew
uonenjeas

Sjoe pue
suoneoyads

Aging time (hr)
Aging time (hr)

Figure-204 Change of surface resistivity (1300G
94 9 Y Istivity ( ) Figure-206 Change of dielectric constant (1300G)

wusy-6uo

o
=
L
o
Q
o
a3
=
@

Test piece thickness: 1Tmm
60Hz

lelow

ay) buroeldas
usym

ubisep

JUBJSUO0D 21}083IQ
1onpoId

Ajngsisal aoeung
puIpjow
uonoafur
104 pIoN

Buipjow
uonoalu|

Aging time (hr) Aging time (hr)

ADOJOUYO3}

201 202

SJoNpoIa bulpjow
1O SeINSEsWB}UN0D
pue seseo jne4



2
gs
<Polyamide resin> Long-term characteristics of LEONA s
3398
a3
e 5
o) 3
(5) Dielectric dissipation factor (6) Conductive path resistance 3
S
Fiaure-207 Chanae of dielectric dissipation factor (1300S) Table 38: Chanae of conductive path resistance with water absorption (100°C. 120°C and 140C) ?g 23
g 3
2

Aging time (hr)
Resin name

Kouspuadap
ainjesadwa)

LEONA 1300S Above 600V Above 600V Above 600V Above 600V

LEONA 1300G Above 600V Above 600V Above 600V Above 600V

10108} UONEISSIP J1PBIRI]

spoyew
uonenjeas

Sjoe pue
suoneoyads

Aging time (hr)

wusy-6uo

Figure-208 Change of dielectric dissipation factor (1300G)
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Long-term characteristics of LEONA

Aging time (hr)
Aging time (hr)
205

Fiaure-209 Chanae of arc track resistance (1300S)
Figure-210 Change of arc track resistance (1300G)

Arc track resistance Arc track resistance

(7) Arc track resistance
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8. Replacement of metal Table 39: Contrast of LEONA with metal in terms of physical properties
With the characteristics of small relative density, easy processing, good electrical characteristics, easy color General unit conversion method 1MPa=10_1972kgf/cm2, 1GPa= 10‘]97.2kgf/cm2 §' §
@ 4
blending, low cost and high design freedom, the plastic is widely used in all walks of life. LEONA is also Physical Coefficient of Melting Modulus of Tensile Poisson's § 3
3
widely used and well received.However, LEONA as the alternative material of metal is greatly different from properties linear expansion point elasticity for tension strength ratio <

the metal in terms of physical properties and the operating environment shall be fully considered in design.

Unit
LEONA is mainly used for injection molding products, so this material mainly introduces the design of _rgv' g'
(=]
injection molding products. § 2
3 €
Hard steel 23
Contrast with metal ) : g
Aluminum g: 2
1) Poorer dimensional accuracy than metal........... Greater coefficient of linear expansion than metal =3 %
S
2) Lower heat resistance than metal....................... Great melting point difference
: . A LEONA 1300S
3) Combustible ..o Refer to Table 12 for burning temperature and ignition (1% strain)
temperature of LEONA. %’_ %’
o 9O
4) Lower strength than metal. ... . Lower stiffness than metal.(Refer to the elasticity LEONA 1300G (1% ) 25
b strain sl
modulus in Table 11) 3
5) Water absorption..........cccoceveeieeieniencicreeene The dimensions and physical properties will change with
the water absorption. % g
3 @
Qg
Table 40: Burning temperature and ignition temperature of LEONA g 3
5
[

LEONA grade Burning temperature (C) Ignition temperature (°C)

@
o
)
53
=1
«Q
=
[

ubisep
Jonpoid

Measurement method: Panasonic TECHNO RESEARCH
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<Polyamide resin>

9-1

LEONA product design

Design steps of injection molding products

Product planning

Appropriate materials shall be screened at this stage, so it is required to fully understand the basic physical
properties and molding technology of the plastic in advance.

Refer to relevant technical data and product catalog for the basic physical properties and molding technology and
other detailed information of LEONA.

Product conception

Product conception is product design stage.

Indicate the product use conditions and purpose

Clarify the use conditions, especially the temperature, load and environment.

Refer to the technical data for creep and long-term environmental data.

List necessary characteristics

Do not omit unknown necessary characteristics at this stage.

Screen the resin and grade

Select the appropriate resin and corresponding grade after product performance evaluation for soft mode or similar
product molds.

The database for various resins and grades may be available.

Product design and mold design

Pay full attention to molding and mold release when designing the product and mold.

CAE may be effectively used in product and mold design.

Injection molding technology and secondary processing technology

Fully consider the appearance, dimensional accuracy, material and shape limitations, quantity, delivery period, cost

and other factors before determining the technology.

209

9-2 Five principles for design of injection molding products

The design of injection molding products of general plastic is the same and there are the following five principles for

reference.

Q)

The wall shall not be too thick or too thin.

The wall thickness of general products is 1~3mm.If the product wall is too thick, the product is prone to shrinkage
holes inside, sink marks and flow marks outside; if the product wall is too thin, the product is prone to incomplete
filling, warping and other poor injection molding phenomena.

The product wall thickness shall be uniform.

The product shrinkage is large if the product wall is too thick; otherwise, the product shrinkage is small.The
difference in shrinkage will result in product warping and deformationand may result in increase in the residual
stress depending on the product shape.The nonuniform wall thickness of reinforcing rib will also result in sink
marks.

In the product design, the product wall thickness fluctuation is controlled within £20%.

The product shall not be designed into sharp corners.(Sharp corners easily lead to product fracture and cracking),
R/ T=0.25 (T: product wall thickness) when rounding (R is rounded corner). The stress concentration factor is 2
when R/T=0.25, increases sharply when R/T<<0.25 and is almost not changed when R/T<<0.75.

Pay attention that the excessive rounding will result in too thick local wall thickness.

Simplify the shape.

Try to design into the structure that can be uniformly cooled by mold rather than the undercut and complex mold
structure.

Design the draft.

The draft of fixed die of a pentahedral product shall be at least 1° generally.

(1.5° at the depth of 50mm~100mm and 1° at the depth of above 100mm).

The texture of some shapes is not easy to demold (will result in scratches), so sufficient draft is required (at least
6°).

The draft of reinforcing rib (at the bottom) is about 0.5° and of longitudinal reinforcing rib in the side wall is about
0.25°.To prevent shrinkage of thick wall, the root of the reinforcing rib is half of the wall thickness and the front end
is at least 1mm from the restriction on mold making.

The grid distance shall be above 3mm (it is not easy to release mold if the distance is too small). If the overall grid
is longer, the greater draft is required.

It is generally about 5°.

210
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<Polyamide resin> LEONA product design s
39
=
g9
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9-3 Design to optimize product strength 9-4 Design to optimize dimensional accuracy 2
It shall be considered in product strength calculation that the rigidity of LEONA is two orders of magnitudes smaller than (1) Discussion on dimensional accuracy = =
L3
metal. Precautions in discussion on dimensional accuracy E g.
a =5
Moreover, the polyamide resin easily absorbs water and the strength and elasticity modulus will be reduced after water Pay attention to the following in design: g @
g
absorption. The strength value in balanced water absorption (in the air, 23°C and 50%RH) is 60~70% of that in absolute 1) Differences between plastic molding products and metal products
dry condition. The differences between general plastic molding products and the cut metal products are as follows: (D~@)

@ Large coefficient of linear expansion

(1) The wall shall not be too thin. @ Molding shrinkage and heat shrinkage

Kouspuadap
ainjesadwa)

(2) The safety factor shall be based on tensile strength and the static load is about 5. ® Ongoing changes

If the safety factor is based on the bending strength, the breaking strain shall also be considered. ® Affected by humidity (moisture). 3m
® S
(3) In case of large deformation caused by large stress and load, the reinforcing rib shall be considered for @ Difficult to meet dimensional requirements due to mold structure. g %
e o
reinforcement. ® It will also change due to the impact of the operating environment(creep and solvent) 7 g
The thickness (t) of the reinforcing rib should be about 1/2 of the thickness (T) of the standing bottom: ® The plastic products are soft and may subject to flexible elastic deformation in assembly.
(over-thickness will result in holes, so the reinforcing rib may play the role of reinforcement.) The clip products are also flexibly embedded. & @
3 ©
(4) The product shall not be designed into sharp corners. g %
&3
Stress concentration will occur in sharp corners.Try to avoid sharp corners to ensure impact resistance in low It is difficult for the plastic molding products to fully reach the high-precision dimensional tolerance of metal ? “6—’5
>
humidity environment. products, but the plastic products have above seven characteristics and can meet the service performance e
Moreover, sharp turns will occur when the resin flows through sharp corners and will result in poor product sometimes. ~_
T o
appearance. 3 2
g
(56) The welding lines shall avoid large stress. @ 3
(D Optimize gate position. 2
@ Thicken the wall in the welding line part. 33 =
2% =
§5g
g
g
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Figure-211 Heat shrinkage rate and overall shrinkage rate Sample molding conditions, shape and dimensional measurement method
aQ
Table 41: Molding conditions of test piece ?‘!; §
3 £
Test piece g ©
e

Molding conditions Wall thickness

Overall

shrinkaae rate Mold temperature % 3
B =
Hopper 33
Mold temperature id 3
80°C side g g
< o
Heat shrinkage rate Charging
o barrel
=4 Mold temperature Temperature 3 m
5 60°C Nozzle side % i
3 Overall 8§
Q Heat shrinkage rate - - =3
@ Injection Injection S
= molding pressure
% Mo‘Id temperature pressure Dwell
—_ 80C pressure
X
o L »m
= Mold temperature Back pressure NA NA NA NA NA NA NA NA NA 23
60C o O
. . . Q =
Injection time 78 3
=
Cooling time @
Screw revolution
o -
T o
L >
Residual volume g Q
QT
[l
Width 7 3
Gate size ﬁ
Thickness
(Note) Injection molding machine: | S-90B Internal thread screw injection molding % _f;ﬁ §
machine of TOSHIBA MACHINE & g8
Heat treatment temperature (C) 3
5
@
Molding conditions: injection molding pressure 450kgf/cm?, resin temperature 280°C
a7
. H . . ® =
Sample: 120X80X product thickness t (mm) slab Sample shape Dimensional measurement method &3
S5 €
2x2mm when gate size t=3 and 2x4mm when t=5 =
(Note) Heat treatment time 8hr Measurement by micrometer
Measure the dimensions in area A 3 ‘_Sbj £
(flow direction) = 5
. Q 5 5
Interpretation chart and area B (flow right-angle
4 Molding shrinkage rate in molding at mold temperature of 60°C (t=3mm, 5mm) Side gate direction)
) ) ) . . g 33
o Molding shrinkage rate in molding at mold temperature of 80°C (t=3mm, 5mm) SS9
3 = &=
. . . . o 2 35
©The overall shrinkage rate is the heat shrinkage rate 8hr after annealing within the heat treatment g @ 3
2

temperature range of 80°C~160°C plus molding shrinkage rate. (t: Product wall thickness)

Overall shrinkage rate /~= (or ) + heat shrinkage rate after annealing

213 214
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F|gur_e—213 Dimensional stability (1) (range of dimensional fluctuations after Figure-214 Dimensional stability (2) (range of dimensional fluctuations in case of % S
molding) seasonal changes) 2
o =
[=
= s &
2 o g
& g :
I ©
2 &
Q <] % @
= 3 B3
o = g3
= S § 3
g S g5
m
23
25
[ 6
=}
Fluctuation range of water Fluctuation range of water R
absorption absorption s 8
23
AN}
Fluctuation range of dimensions in Fluctuation range of dimensions in 5
flow direction flow direction 2
Fluctuation range of dimensions in Fluctuation range of dimensions in o
vertical direction of flow vertical direction of flow 5 S
3 @
EL
g3
o o 2
3 3 o
g 3 ’
@ 2
S S 82
L 50 §5g
S =2 3
15} 5} 5
(g 8 )
) )
o o
=8 L a v
s & g3
E < <
35z
S o 9
s g a
38¢9
B
328
£33
Q
<
Wall thickness (mm) Wall thickness (mm) Wall thickness (mm) Wall thickness (mm) Wall thickness (mm) Wall thickness (mm)
39 m
3 @
N
330
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Water . . 5 . When Mold for Injection Fault cases and
General . Moisture Temperature Evaluation Specifications Long-term . Product . )
absorption i replacing the injection molding countermeasures of
dependency dependency methods and acts characteristics

specification design
2 characteristics metal 9 moldina technoloav moldina products

Vertical direction of flow

Average value of maximum value
Average value of minimum value
Flow direction

Standing time (day)
218

Figure-216 Dimensional stability of 1300 (product wall thickness 2mm)

Relative humidity (%) Water absorption (%) Dimensional change rate
(%)

Flow direction
Vertical direction of flow

LEONA product design

Average value of maximum value
Average value of minimum value

Standing time (day)
217

Figure-215 Dimensional stability of 1300 (product wall thickness 1mm)

Dimensional change rate

Relative humidity (%) Water absorption (%) (%)
0

<Polyamide resin>
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@ >
Figure-217 Dimensional stability of 1300 (product wall thickness 3mm) Figure-218 Dimensional stability of 1300 (product wall thickness 2mm) @
2 =
N0
e a
[=
Py &3
P @ 3
o 2 8
2 =
= <
5 @
= = % o
5 3 33
< < 3 g
— < < 3
g k>
Average value of maximum value Average value of maximum value 3m
Average value of minimum value Average value of minimum value % S
85
[ o
=}
52
o @
§ = 2 S
[} L s
= @ 3
() = g
o Q [
[ o
S 2
s ! =35
o L >
2 ] g @
X = =)
< \o\‘: ﬁ 3
3
[
28z
538
3
«Q
=
@
o
2 5
> ) 53
2} > o g
o @ G g
28 g
3 - o =
—~ D Vertical direction of flow =1
X 32
=9 X )
= — QO Vertical direction of flow
é Flow direction § 3 ‘_Sbj E
[ Q 220
8 4 388
° &
Flow direction § g _5
5@ 8
Q
<

Standing time (day) Standing time (day)
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Water When Mold for Injection Fault cases and

General . Moisture Temperature Evaluation Specifications Long-term . Product . )
I absorption i replacing the . injection molding countermeasures of
specification L dependency dependency methods and acts characteristics design X .
characteristics metal moldina technoloav moldina products
m c
= £ S
[re) 5 E B
» £ E @
3 5 E £
2 E E 32
c [P 2
X =) =) (o]
° g 3 =
= 3 3
—_ > >
nld [} [}
= 38
B >ST>® >
S <%x2 = ©
° 5 Z
< = e
S ° €
g c =
3 g S
® 3 g
kS i) 2 N
> 5] 8 N
= £ n N
i)
© >
%]
©
c
i)
@
j
©
£
[a]
o
I
A
e
=
2
i
Relative humidity (%) Water absorption (%) Dimensional change rate
(%)
c
o
()
)
©
e
(&)
= 2
o £ 2 c
o g E ¢ k] S
— © m 3 c 33
» E E S @
o @ F- 3 5
2 E E 8 2
A S 5 % ° <]
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@) 5 s 3 5
[ D o
| H Safyg >
- 2 @ 2 = ey
| S 2829 =
K =
8 o -
= IS N
o = N
S
& 2
e =
s 2
3
£ &
z
©
3
%]
©
c
Ee]
(2]
j
©
£
[a]
)
o
o
2
>3
2
w
A
£
73
o
3 Relative humidity (%) Water absorption (%) Dimensional change rate
E (%)
<
=
s}
o
\



.0}
o
gs
<Polyamide resin> LEONA product design s
Q o
g85
388
Qg
29
@ >
’ ’ . . . ) . . - . 5
Figure-221 Dimensional stability of MR0O1 (product wall thickness 2mm) Figure-222 Dimensional stability of MR0O01 (product wall thickness 3mm) o
2 =
@
12
3 £
g @
Q
2 z g
3 )
= <
H o % @
= g s
c N
3 2 g3
= E3 2 E
Z < 23
3
g k>
Average value of maximum value Average value of maximum value 3 m
<
Average value of minimum value Average value of minimum value % g
2 s
[ o
=}
L »m
23
o Q.
Q =
5 < &g
8 & 3
M g 2
o Q
[ o
g %]
3 S S &
= kel =1
o = 3 @
=1 o QT
=3 > z 3
o< —_ =3
> 2 %
~ [
28z
538
3
«Q
=
@
o
3 g &3
@ 3 2 3
> @ =3
@, 2 5§
) [zR Q
—~3 S —
2 = o =8 Flow direction
—- 9 Flow direction o 35z
o = 2% S
3 @ a9 a
] a iasg
= [}
o =
® Vertical direction of flow ?,7)' Vertical direction of flow
1%
3239
gag
Q
<
Standing time (day) Standing time (day)
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LEONA product design

Figure-223 Dimensional stability of MR0O01 (product wall thickness 5mm)

Average value of maximum value

Average value of minimum value

Vertical direction of flow

Flow direction

Standing time (day)

225

Table 42: Dimensional tolerance of unreinforced polyamide

Dimensional tolerance of the part without
parting surface

Dimensions Grade of tolerance

Standard Quasi accuracy Accuracy

226

Dimensional tolerance of the part with
metal joint face or parting surface

Standard

Grade of tolerance

Quasi accuracy

Accuracy

(From I1SO)
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<Polyamide resin> LEONA product design

Table 43: Dimensional tolerance of reinforced polyamide

Dimensional tolerance of the part without
parting surface

Dimensions Grade of tolerance

Standard Quasi Accuracy
accuracv

227

Dimensional tolerance of the part with metal
joint face or parting surface

Grade of tolerance

Standard Quasi Accuracy
accuracv

(From I1SO)

2) Main influencing factors of dimensional accuracy
The main influencing factors of dimensional accuracy of molding products are as follows:
Mold making error 50%
Changes in molding conditions 30%
Fluctuations between and in material batches 30%
Other 10%
Therefore, it is required to pay special attention to the influence of the mold making and molding

condition changes.

(2) Optimize the product shape design to ensure dimensional accuracy

Pay attention to the following in design:

1) Optimize the product wall thickness.
The wall of the finished products cannot be too thin or too thick.If the wall is too thin, the resin
shear stress is increased, resulting in incomplete filling, significant polymer stereoregular
polymerization, warping and deformation.If the wall is too thick, the shrinkage rate will be
excessive, resulting in too thin, pores and inability to ensure dimensional accuracy.
If the product is too thick, the reinforcing rib structure is required to thin and uniformize.

2) Optimize the wall thickness uniformity
The wall thickness non-uniformity of molding products results in shrinkage rate non-uniformity,
product warping and deformation.

3) Optimize the product shape balance degree
Pay attention to the binding resistance of the molding products in the shrinkage direction in the
mold and the balance of the binding force.Consider that the shrinkage rate will not be balanced in
advance if the binding force is unbalanced.

For example, it is required to optimize the gate position to achieve high accuracy and roundness.

228
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LEONA product design

Figure-224 Change of molding shrinkage rate with product thickness

Mold temperature 80°C

- ) Sample: slab
Injection molding pressure
600kaf/m? Gate
Dimension test position
Product thickness (mm)
Figure-225 Change of molding shrinkage rate with product thickness
Sample: slab
Gate
A B, C
Dimension test
position

Product thickness (mm)

229

9-5 Optimize demolding design
Poor demolding often occurs in the injection molding process and is mostly caused by yje molds. It is

considered to optimize under cut and draft when designing the molding products.

(1) Under cut
A reason for poor demolding is insufficient under cut.Forced demolding refers to demolding by means
of the elongation, compression or bending deformation of molding products in elastic variation.
The under cut index is under cut rate.
The maximum under cut rate is calculated according to the following method.
The
maximum under cut rate (Ki) of inside under cut is calculated according to the yield strength of the

demolding temperature of various resin molding products.

Where, Ki: maximum under cut rate
Under cut rate (diameter) B-A
Maximum shaft diameter
Product yield strength in demolding
Shape
A: Minimum diameter of hole
Vh: Poisson's ratio of hole slotting material (resin) (0.34 for LEONA)

Eh: Longitudinal modulus of elasticity of hole slotting material (resin) (1% strain)

Generally, the under cut rate of unreinforced LEONA is below 10% and of reinforced LEONA is 2~3%.
The under cut rate is smaller taking into account the safety factor of the products.

230
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Figure-226 Legend of design to prevent deformation (2) Draft % >
w
The draft value varies with the molding product shape, mold structure and molding product surface
Figure-32-1 Edge making at the bottom of box processing degree.It is necessary to be 1° generally. 25
g @
2

Figure-228 Draft of box or cover

Figure-32-2 Edge making at the upper part of box
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spoyew
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Figure-32-3 Symmetrical shape

52
s 8
Q =
@8
=
2
Object with H less than or equal to 50mm
o -
. ) 3 S
Object with H greater than or equal to 100mm Below s @
Q7
From "Validation list of plastic injection molding machine" Object with shallow dermatoglyph §
Figure-227 Definition of under cut rate Draft 3382
13 g_ ]
>
«Q
5
@
Inside under cut rate
o
o
<3
S
352
S o 9
s g a
38¢9
Outside under cut rate
g3z
328
£as
Q
<
From "Molding product shape design"
287
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3 @
S o @
231 232 2o
2 ¢ a
(2N
=3



<Polyamide resin>

9-6 Ensure appearance through design

LEONA product design

Poor appearance includes sink marks, burrs, crazes, cloud points, bubbles, flow lines, weld marks (weld

lines) and scorch.

The above phenomena shall be solved to a certain degree through design.

Figure-229 Poor appearance

a) Sink marks: poor sink marks
caused by reinforcing ribs

b) Burrs: burrs on parting surface

Projecti

Gate

Burrs

Vertical burrs in insert
Insert
Vertical burrs

Body

e) Craze

Gate
Craze

d) Cloud point f) Flow line
Gate Gate
g) Scorch (along with
e) Bubbles discoloring)
Gate
Gate
h) Weld marks (weld lines)
Weld marks (weld lines)
Gate
233

1) Design to prevent sink marks

Sink marks easily occur if the product is too thick, so the product shall be as thin as possible.

The ideal wall thickness of the product is 3~5mm.

Moreover, local thickness non-uniformity is not allowed.lt is required to give up wall thickness design,

make reinforcing rib structure and make a large independent reinforcing rib into several small

reinforcing ribs.

a) Eliminate local over-thickness

b) Thin

c) Use small reinforcing ribs

d) Use continuous latticed reinforcing ribs

e) Use consistent reinforcing ribs in load
direction

f) Make texture (dermatoglyph) on the
surface

234

Smooth Wrinkle

From "Validation list of plastic injection molding machine"
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<Polyamide resin>

LEONA product design

2) Design to prevent burrs
The burrs generally appear in the parting lines and joint parts, so the part highlighting appearance shall be
avoided as far as possible in the design.

3) Craze
Crazes easily appear when the resin passes through narrow passage at a high speed, so it is required not to
design such part and required to pay attention to the gate position in the design.

4) Cloud point
Vents shall be designed in the mold design.

5) Bubble
The air in the die cavity will be involved in high-speed resin flow and forms bubbles on the surface of the
molding product.Therefore, a gate shall be set at the thick part of the product and the runner shall be designed
not to involve the air due to sudden flow change.

6) Flow line
The gate shall not be designed too small in the mold design.Moreover, it is also important to fully design a cold
slug well(about 1.5~2 times the trunk diameter).
If the product is too thin, the weld marks are easily formed at flow front; if the product is too thick, the product is
easy to overflow near the gate.

7) Weld mark (weld line)
Weld marks shall be avoided in the part highlighting the appearance in the gate position design.lt is also
effective to set overflow port (projection).

8) Scorch
Local discoloring caused by overheating of the molding materials in the molding process
1) Scorch easily appears in the part with poor ventilation in the mold. It is required to deepen and widen the

ventilation surface to improve degassing.
2) Molding conditions may also cause scorch.The countermeasures such as reducing the barrel temperature,
reducing the mold temperature and reducing the injection speed may be taken.

9) Spray line

The spray line is the mark formed by squeezed advance of incompletely cured resin by new resin entering the

die cavity from the rear.Too small gate may result in spray lines, so the gate shall be properly enlarged.

235

Figure-231 Case of weld mark overflow part

Overflow part

Weld marks (weld lines)

Gate

Figure-232 Exhaust (ventilation) design case

Ventilation surface depth

Ejector 0.05 groove

pin

Groove width 10, depth 0.2

Groove depth 0.2

236

(Unit: mm)
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<Polyamide resin>

9-7 Design to reduce other problems

1) Design case to prevent cracking

Figure-233 Design case to prevent cracking

Square opening processed to R angle (arc)

A distance shall be left between the hole and the edge as well as
other holes

Hole

Heighten the hole edges

Thicken the notch edges
(set reinforcing ribs)

Process R angle (arc) at the foot

From "Validation list of plastic injection molding machine'

237

LEONA product design

2) Design case to reduce molding problems

Figure-234 Design case to reduce molding problems

a) Not set under cut

Circular hole
under U-shaped
cut hole
cutting
b) Cutting
Under cut Occlusion

mode

c) Height difference for collision

d) No sharp edges

e) Simplify for molding

f) Sufficient draft

From "Validation list of plastic injection molding machine
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3) Design case to prevent metal insert problems 9-8 Relevant design for secondary processing
Injection molding and extrusion molding are called primary processing. If the product is not formed yet, further §‘ E
) . . . ® @
Figure-235 Design case to prevent metal insert problems processing required is called secondary processing.The secondary processing of LEONA mainly includes § 5
3
machining, mechanical bond processing, physical bond processing and chemical bond processing. <

a) Make arc processing for insert angle
Figure-236 General chart of secondary processing of LEONA

Kouspuadap
ainjesadwa)

. )
b) Do not make threaded part in the molding product Cutting and g5
Machining lathing S
Drilling
52
Q @
o 9O
Q =
. v 8
) Screw and nut connection =
(7] Mechanical ) =
o bond Self-tapping thread @
e} ) L
2) Replace inserts with thickened products 2 processing Press-in (lamination) -
2 Fastening El)
< 3 @
° Inserts and add-on =)
g = 3
3 2z
4 @
é' Spin welding
d) Replace inserts with nuts o 33 =
= Physical Surface Vibratory welding (fusion 2 53
m . i o
o} bond Fusion heating W?":]'ng)l . 3
jZ> processing Girth welding =
Internal Ultrasonic welding (fusion welding)
heating Hot plate and hot air fusion welding cl)’
8
§
Chemical
bonding L =
i Bonded joint 3
. . rocessin
e) Slightly stretch the inserts out of the surface p(bondedg % 8 g
3 o 5’*
joint) F==
e
328
£d3
g
From "Validation list of plastic injection molding machine"
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(1) Machining Figure-237 Drill case @
1) Cutting a=
It is required to pay attention that the heat caused by high running speed during cutting by working angles may E é.'
a =5
result in resin melting.lt is recommended to use the air for cooling.(LEONA has strong water absorption, so it is g @
g

not recommended to use water for cooling). The superhard alloy or high-speed tool steel is used for the cutting
tool material and glass fiber reinforcement level. Moreover, large cutting inclination shall be adopted for glass
fiber reinforcement level and small cutting inclination for non-reinforcement level. Morse taper

2) Drilling

Kouspuadap
ainjesadwa)

The drill for metal or the drill for plastics is used for peeling rather than cutting because the plastic is cut
flexibly.Attention shall be paid in drill diameter selection that the cutting pore diameter is slightly smaller than

the drill diameter.

spoyew
uonenjeas

The high speed tool steel (SKH2) for drill adopts glass fiber reinforced level and unreinforced level.
Moreover, large cutting inclination shall be adopted for glass fiber reinforcement level and small cutting

inclination for non-reinforcement level.

O]
) 373
3) Buffing 2 %
Gate polishing, surface grinding or trace removal is required sometimes, but is not recommended for reinforced ® “6-’»
>
level of glass fiber since the surface glass fiber will peel off. @
The polishing wheels are classified into rough polishing wheels, fine polishing wheels and cotton polishing ~_
T o
wheels. For special surface polishing, fine polishing wheels are used. § ‘§
= ©
The fine polishing wheel is buff made from about 50 pieces of flannel.Meanwhile, the fine polishing wheels are % 3
used with abradant, and PIKAL and KINGLIGHT (trade name) are used if the glossiness is specially required. @
38z
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Figure-238 Tightening torque and loosening torque (torque of loosening following tightening) 8
(2) Mechanical bond processing (1402G, normal temperature)
1) Screw and nut connection §' E
3 @
The method is very simple, but creep and stress relaxation may result in torque decline.The spring § 5
3
washer is recommended. <

Determination method

Kouspuadap
ainjesadwa)

- Measured bolt and nut

)
M6 hexagon bolt o 8§
Spring washer 5 @ g
(Compressive resistance about 5kGf-cm) Lg_
3
C
[V} L »m
23
2 S
ﬁ <}
Gasket “6—’»
(Japanese REINZ 1520, thickness 2mm) 2
Aluminum rolling plate
(Thickness: 6mm) Q@
3 S
3 @
Qg
s 2
g 3
&
- Torque measuring port ) B
Measure the tightening torque (‘-> direction) and loosening torque ((x-‘. direction) with a torsiometer g g %
= =]
(with the selection range of 0~120Kgf - cm). 3
g
Tightening torque (kgf-cm)
Sl unit conversion
35z
S o o
29 a
3¢
£33
328
gas
2
39 m
3 @
Qo o ©
243 244 8¢y
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2) Self-tapping thread Figure-241 Standard design case of tapping column for self-tapping thread &
The self-tapping thread is a technique to cut up and connect the threads of untapped part with tapping screw. Unit: mm o=
[}
When making the self-tapping thread, the bottom hole diameter (inner diameter of tapping column) is about 90% Base plate % z
thickness @
of the outer screw diameter, and the outer diameter of the tapping column is 2~3 times the outer screw diameter. g °

The length of fit has great impact on the tensile force and shall be about twice the screw diameter.The root of the Outer diameter of

tappi |
tapping column is easily damaged, so R angle processed sufficiently is requiredand shall be more than 0.25 times apping column

the bottom thickness. 1/2 of base plate

Kouspuadap
ainjesadwa)

thickness
The torque will be reduced by about 30% after long-term pending.

Bottom holl
Thread selection d;r:;]ero ©

The ideal thread type is the thread with small tapping torque.
Tapping column
If large-diameter thread is required for the strength, the thread with small length of fit is selected; if the heiaht

spoyew
uonenjeas

small-diameter thread is used (when the tapping column height design is limited), the thread with large length

of fit is selected.If the depth and diameter may be selected freely, it is recommended to select the thread with

large length of fit. 2 0
o
Figure-242 Self-tapping screw performance determination method S8
8‘4
2
Tensile force (F) (1) Sample shape (2) Determination ::;_ g
i 3 Q
Drawing force (kgf) Measurement of drawing force Measurement of tensile force aw
U tomati d i z 3
Shear strength (kgf/cm?) (Use automatic recorder) (Use automatic recorder) :
[
Shear area (cm?)
- 5 . -
Tensile yield strength (kgf/cm?) Siotrt:n: t:ole Length of fit F?uure -torque and o 3 g §
Effective diameter (cm) amete Tightening torque direction 83
Outer diameter of e
. . «
Length of fit (cm) tapping column Loosening torque direction o
Fail T
ailure torque (T) 10 (Unit: mm) g
Q
Failure torque (kgf-cm) =3
Drawing force (kgf)
Spacing (cm) 3 ‘_503 E
Friction coefficient (-) S
a § ¢
Radius (cm)
e
328
Converted into Sl unit % 3 S
<
39 m
3 o
838
386
247 248 8¢y
2 ¢ a
(2N
(=
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Figure-243 Recommended thread case (JIS thread) Figure-244 Drawing force and length of fit &g
2
Shape and size of two types of self-tapping thread (from JISB1003 and B1007) Class JIS 2 thread B
2 types §' =
Cutting blade (3) 2
Q
e

Nominal diameter 5mm (bottom
hole diameter 4.1mm)

Kouspuadap
ainjesadwa)

60° screw tooth

Unit: mm
3 m
A o 25
Nominal diameter o 3 =
= 2 s
Maximum g @ S
Minimum 8‘
3
Maximum ()
3¢
Minimum g 8
g3
Maximum @ 9
5
Minimum @
25.4 g5
mm
Number of - About §a
o &
Maximum z 2
g 3
Short Maximum 2
thread Minimum
end 33 s
I}
Long Maximum % % 3
thread Minimum = & &
end ! 3
= | 1. In class 2 thread, the conical part with the length y less than the value in the following table relative to the thread Length of fit (mm) 3
= N . . . " X
g length (2) of the nominal diameter is short thread end and the part with the length exceeding the value in the
@ |following table is long thread end. Converted into Sl unit
(e Q T
@ =
. 15}
Unit: mm g8
g
Nominal
diameter
Thread length g s og
S’ 9o
(Note) (2) The thread length refers to the length from below the head to the end. For the flat head screws, large round flat head screws and e Q E:
stretched head screws, the thread length is equal to the nominal length 1; for small countersunk socket set screws and small 2 & =)
circular countersunk socket set screws, the thread length is nominal length 1 subtracted by the head height k contained in the
size.(Refer to the following figure)
£33
ER-)
255
=
Thread length B
Thread
length)

2.Continuous thread with length of above 1/2 of the total length is required in the taper of class 2 thread.
3.The groove may be engraved in the front end of class 2 thread if required by the subscriber.
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Figure-245 Failure torque and length of fit

Converted into Sl unit

Class JIS 2 thread

Nominal diameter 5mm (bottom hole

Length of fit (mm)

251

9210} 8|Isus]

Figure-246 Drawing force and length of fit

Converted into Sl unit

Bottom hole
diameter (mm)

Number
Nominal  of screw
Class JIS 1 diameter  teeth

thread
Class JIS 2
(with groove)

Length of fit (mm)
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Figure-247 Drawing force and bottom hole diameter

Converted into Sl unit

Length of fit (mm)

Thread used
Class JIS 1: 5.1x12
Class JIS 2 (with groove): 5x16

Bottom hole diameter (mm)

253

aol0} Buimeaqg

2010} Buimelq

92.0} Buimelq

Class JIS 1 thread 5x25
Bottom hole diameter 4.7mm
Effective thread depth 6.5mm

Figure-248 Ongoing change of drawing force

Thermal aging 150°C

Thermal aging time (hr)

Thermocycling —30°C x8h~120°Cx16h

Number of cycles

Impregnation in water 80°C

Impregnation time (hr)

Converted into Sl unit ~ 100kgf=980.665 N
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Figure-249 Failure torque and length of fit (1) Figure-251 Failure torque and length of fit (3) E &
%‘.
12
Class JIS 1 thread 5x25 Class JIS 1 thread 4x12
Theoretical value 25
Theoretical value g2
a =5
o @
3
g
Bottom hole
ér'! diameter E 2 &
§ (mm) § 2 g
o3 o} Bottom hole El
= = " 25
2 2 diameter (mm) @
@ @
25
» o
=]
L »m
23
o O
Q =
v 8
§
Length of fit (mm) Length of fit (mm) e
Figure-250 Failure torque and length of fit (2) Figure-252 Failure torque and length of fit (4) % §
o 3
Class JIS 2 thread (with groove): 5x20 Class JIS 2 thread (with groove): 4x25 @ 3
o
»
Theoretical value
Th i
eoretical value 35 =
oo =
§5g
g
g
mn m
o, o,
c c
@ @ 3
g Bot.tom hole 5 3
38 diameter 3 s
[=4 [=
® (mm) ®
352
S o 9
22 a
38¢9
e
328
$ag
g
Length of fit (mm) Length of fit (mm)
384
o ¢ ¢
Converted into Sl unit Converted into Sl unit &2 g
s 32
330
255 256 8¢y
2 ¢ a
(2N
(=
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Figure-253 Screw-in torque and failure torque (1) 3) Press-in (lamination) % ]
%‘.
w
Press-in is a joint method to insert the shaft into the shaft sleeve and is commonly used to insert metallic shaft
into resin (LEONA) shaft sleeve.Press-in is an assembly method possibly generating very large stress, so g =
T =
(7}
special attention shall be paid.LEONA has excellent stress relaxation and creep characteristics, so it can be ‘é g
. o @
Bottom hole diameter (mm) durable and the shaft will not be loose if the press-in reserve is well designed.The press-in reserve of LEONA 2
- is 3~5% for unreinforced level and 2~3% for reinforced level of glass fiber.
[ . .
= The formula of the tolerance range of the press-in reserve is as follows: oL
3 g3
g & s
3 3§
g B= Allowable press-in reserve (mm) (shaft diameter - inner diameter of S
shaft sleeve)
od = Design stress (kgficm?) 5 m
Dh= Outer diameter of HUB (shaft sleeve) (mm) % S
Do= Inner diameter of shaft sleeve (mm) = §_
DS= shaft diameter (mm) “8g
Eh= longitudinal modulus of HUB (shaft sleeve) (kgficm?)
ES= longitudinal modulus of shaft (kgflcm?)
Thread g Class 1 (5.1x12) vh= coefficient of LEONA for HUB (shaft sleeve) =0.34 o o
read use . vS= Coefficient of steel as shaft material =0.29 2 B
Class 2 (with groove) W= Shape factor 2 S
g 9
In addition, the press-in force or drawing force may be calculated approximately by the following formula. ’ “6%
. 2
Screw-in torque (kgf * cm) F= Press-in force or drawing force (kgf)
u=Friction coefficient (0.19 for LEONA) o
. . . P = Bonding pressure (kgf/cm? 3 S
Figure-254 Screw-in torque and failure torque (2) DS= shaft fiapmeter (m(mg) ) 3 a
- QT
L = Shaft insertion length (mm) g, 3
HUB (shaft sleeve) od = Design stress (kgficm?) ;",'
W= Shape factor
Bottom hole diameter (mm) 5 33
Q @ g §
() 8 o @
18 = Q. =]
o 3
3 =
o (]
o ]
= o
@ % )
5} 3 8
3 =3 §
C o =
® g
g Shaft 35z
= 2% 2
22 a
3¢
Note: It shall be noted that the weld lines in HUB (shaft sleeve) may result in cracking and other problems. 535
Class JIS 1 (5.1x12) £ =
Thread used g 3 8s
Class JIS 2 (with groove) 2

Converted into Sl unit
Screw-in torque (kgf * cm)

Converted into Sl unit

257 258
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4) Fastening
LEONA is elastic, so the fastening method may be used in assembly.As shown in the following case,
fastening is to insert the object in the right figure into the recess subject to injection molding in the left figure
by pressure.
It shall be noted in the design that the groove is required in fastening.

(Refer to under cut.)

5) Inserts and external inserts
@ Insert
Metal inserts are often used in threaded parts to increase strength.However, the metal and other foreign
matters will enter the plastics in insert molding, so it is required to fully pay attention to the design and
molding conditions of the insert part; otherwise, the part may suffer from fracture and strength decline.To

prevent problems, the following matters shall be noted:

1. The oil stuck to the metal for inserts may result in environmental stress crack, so the metal shall
be unoiled before use.

2. The flowing high temperature resin contacts the low temperature metal, generating great residual
stress and the difference in the coefficient of linear expansion of the plastics and the metal will
result in thermal stress crack, so the mold shall be kept at a high temperature as far as possible
and the metal for inserts shall be preheated before use.

The metal for inserts shall have no sharp corners to prevent stress concentration.

The inserts are subject to knurling frequently to keep the insert metal in the plastics.

259

Figure-255 Insert case

Countersunk socket

set screw Riveting
(A) Female thread (B) Riveted insert on the end face and the
insert status after scratching (right)

* Knurl: Knurls are processed on the metal surface sometimes when the insert is making, so that the metal and
the plastics are meshed more closely.
* Knurling: To prevent slipping on the screw heads, parts pickup and other grasp parts, the cancellous patterns

are processed on the workpiece surface by lathing with a knurling tool.

@ External insert
It is a method to install various functional units through injection molding in metal and other hard base
metals, place the metal and other base metals in the mold, make injection molding of plastic parts in the
wood metal and make bonding.Compared with inserts, the amount of resin occupies a small part in the

external inserts relative to the amount of metal.
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(3) Physical bond processing : . . i i . . §‘
This method is to melt, cling and harden the parts to be bonded in the molding part through various Figure-256 Bonding efficiency of 1300S (width relative to bonding position)
methods before bonding.Spin welding, girth welding, ultrasonic welding, linear vibratory welding (vibratory &=
welding), laser welding and other methods are often suitable for LEONA. E @
a =5
1) Spin welding g @
g

This method is to pressurize the plastics to be bonded to each other, spin one side in this case for friction
heating, stop spinning after melt fusion of the bonding position and cool the cured workpiece for slight

bonding. 8 g‘
©) Design of bonding position % E
Spin welding is a friction motion of spinning towards the same direction, so the flat shape of the bonding - g %

position is mostly circular and the width and section shape of the bonding position are important in the S
design. § s m
a.Bonding position width: it shall be as large as possible in principle to improve the bond o g 5
strength.Excessive amplitude will result in abnormal high temperature in the center g: § g.
of melting layer in the bonding process. When the bonding position has relatively 3 >

small radius and excessive width, the inner and outer diameter ratio of the bonding ic
position will be increased and the ratio of the friction velocity inside and outside the x> n @
bonding surface will be increased and sometimes deviate from the range of § §
applicable conditions.The inner and outer diameter ratio of 1~1.5 and the bonding & §
position width o 4~6mm are suitable. g

b.Section shape: increase the bonding area to improve the bond strength.Refer to the following
application case. 95
c.Melting allowance (molten allowance): amount of melting indentation during bonding.(Refer to P262) 3 z§
At least 0.5mm is required if LEONA 1300G is used. §' %
8

Bonding position width (W):

lelow

ay) buroeldas
usym

Bonding Friction velocity (V): 260cm/sec
Friction time (T): 0.7sec
Forge welding pressure (Po): 31kgf/cm?(3.0 MPa)
Time required for stop (Ts): 0.028sec

3
3
a
<
Q

Figure-257 Case of section shape of applicable
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(@ Bonding properties 7 >
Figure-258 Bond strength and moisture content of 1300G g
Table 44: Bonding case of LEONA
ltem Base metal Bond Bonding conditions Base metal §' E
strenath strenath Bonding Forgewelding  Frton oty Friction time Stop time Remark strength ‘g"\. :2:
Material position shape (I
Q
@ g3
Colori ) o S 3
(Bla oloring material S 33
Master batch 20:1 o Q =
ck) o3
(2] [=4
5 Bond strength 23
>
Q
= m
3 g
85
[ 6
=}
Nylon 6
! o Thick R
Note) Bonding position dimensions n > 3
ess 8 g
Outer diameter: 30mm S
Inner diameter: 20mm %
Thick :5 .
(Thickness: 5mm) Moisture content (%)
Bonding position shape *: as shown in right figure @
L >
- . 3 Q@
Converted into SI unit Bonding Friction velocity (V): 260cm/sec R Note) Moisture content S
conditions Forge welding pressure (Po): 20kgf/cm (material in bonding ﬁ 3
Friction time (T): 0.4sec position) is measured 2
Bonding position width (W): 5mm before bonding.
Time required for stop (Ts): 0.03mm 33 s
<8 -& B
It shall be particularly noted that the water absorption of the molding product, if any, will result in decline in physical g § S
properties. =
@

Converted into Sl unit

3
3
a
<
Q

puipjow
uonoa(ul
10} PO

ADOJOUYDS)}
Buipjow
uonoalu|

263 264

SJoNpoIa bulpjow
1O SeINSEsWB}UN0D
pue seseo jne4



(30}
ge
. . H 5
<Polyamide resin> LEONA product design s
39
. I Q3
2) Girth welding b. Melting allowance (molten allowance) % g
Girth welding means that in a pair of bonding position materials, a material moves along the small circular orbit Like spin welding, the melting allowance of girth welding shall be more than 0.5mm/ §
rather than autoratation relative to the other material and the materials are melted through the friction heat
2=
generated from the autorotation and forge welding pressure. . - . 2 o
. ) ] ) Figure-260 Definition of melting allowance g Z
Therefore, all shapes of bonding surfaces with plane can be melted and applied to large equipment. 23
3
. . - 3
@ . Design of bonding position Bonding =
Similar to the design in spin welding generally. position

a. Width of bonding position Bonding

Like spin welding, the bonding position width is very important.

To obtain practical bond strength, the bonding position width shall reach a certain degree (about 4mm).

Kouspuadap
ainjesadwa)

Figure-259 Bond strength and bond width of 1300G
(Melting allowance) =A+B-C

spoyew
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Figure-261 Bond strength and melting allowance of 1300G
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Bonding position width (mm):

PO: Forge welding pressure (kgf/cm?)
T: Friction time (sec)
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Melting allowance (mm)
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Converted into Sl unit
Converted into Sl unit
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c. Flange design in bonding position 3) Ultrasonic welding % ]
To uniformly apply the forge welding pressure to the bonding surface and make the orbital motion fully Ultrasonic welding is to convert the high-frequency energy into periodic mechanical vibration energy and 8
induce to the bonding surface, it is ideal to design a flange in the bonding position, clamp the flange and melt the contacted plastic surface through the pressure generated from friction and reciprocating motion for =
. . . " . S
apply the forge welding pressure.Refer to the following application case. bonding.The processing cycle is short and about 0.5~2s. The solvent and the bonding surface may not be E g
subject to pretreatment and the bonding surface is beautiful. Moreover, certain air tightness and water § 3
Q
Q

tightness are required.
@ Precautions in design

a. The forge welding pressure 100~300kgf/cm? shall be applied to the molding product, so the strength _@ g‘
Holding tool of the molding product can withstand this pressure. 3 3
o o
Part material © G b. The rectangular welding head is 40cm and the maximum diameter of the circular welding head is E %
roove
25cm, so they do not apply to welding of large molding products.
Bonding surface Flange c. The closer the welding point to the welding head the better 3 m
[}
Groove d. To prevent dislocation of the bonding position due to vibration, the section shall be designed into g 2
a2
Part material @ coordination type. @5
Holding tool e. There are various design types of welding ribs, mainly including energy director welding rib, shear
welding rib, mortise welding rib and beat welding rib.
L »m
f. To facilitate welding head processing, the contact surface of the welding head shall be plane or 23
o 9O
simple surface. & 3_’-:
§
Figure-263 Case of bonding position of thin Figure-264 Case of bonding position of thick ¢
molding product molding product
S &
L >
3é
2 @
o 3
z 2
&
28z
§5g
g
Energy director =
@
. )
Before welding After welding Energy director Shear welding rib é_
welding rib <
352
S o 9
22 a
38¢9
Various
sectional views 335
of ultrasonic = % ‘—3
welding rib a g 2
o =]
g
Mortise welding rib
267 268
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(4) Chemical bonding processing (bonded joint) &
The cement bonding, solvent bonding and other bonding methods are very simple and commonly used sz
in amorphous resin, but LEONA is crystalline resin, so the bond strength is not high.It shall be fully noted E é.‘
a =5
that it is very important to select the cement due to few actual application cases. g @
g

The cement bonding cases and application cases of formic acid in LEONA in solvent bonding are as
follows:
(D Advantages and disadvantages of cement bonding

Advantages: « High temperature is not required for bonding.

Kouspuadap
ainjesadwa)

« Different types of materials may be bonded.
« The complex structure may be bonded.

« The materials of different thickness may be bonded. It is most suitable for bonding of thin

spoyew
uonenjeas

materials.
« Smooth bonding position, good gas and fluid tightness.

« Low production cost

L O
Disadvantages: * The tear strength of the bonding position per unit area varies with the cement type ;‘; g.
and the type of the bonded material. & g).
« For wide application, necessary date must be collected each time. @
« The cement is of poor thermal stability. or
(@ Cements suitable for LEONA § }%
a.Cements used for bonding between LEONA and other materials % 3
LEONA and ceramics: nitrile cement )
LEONA and textile: neoprene cement and nitrile cement 333
- 3
LEONA and leather: neoprene cement and nitrile cement 558
LEONA and paper: nitrile cement and latex “3
]

LEONA and rubber: neoprene cement, reclaimed rubber and butadiene/styrene
vinylpyridine latex and resorcinol/
Formaldehyde mixture (90~80/10~20)

3
3
a
<
Q

LEONA and wood: neoprene cement and nitrile cement
LEONA and metal (Cu, Al and Ti): epoxy resin, resorcinol resin and neoprene cement
b.Cements for LEONA and LEONA

puipjow
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Resorcinol resin
Epoxy resin

Nitrile cement/phenolic cement
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Neoprene cement (solvent type)
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9-9 Schedules Schedule 2: Allowable stress of steel and LEONA (MPa) a2
&
Schedule 1: Nature of metallic materials and LEONA Load Mild steel Medium hard Cast steel Cast
steel iron o=
< 9
Elasticity modulus (GPa Breaking stress (MPa o2
Relati y (GPa) 9 (MPa) Poisson's g 5
ve Longitudinal Transverse Tensile Compression Shear ratio . S
) (G) Tensile 2
Mild steel
(C0.12~0.20%) o o
Hard steel . 2 _g
C0.40~0.50%) Compression §£
Cast steel 3 €
< o
Cast iron
. 3 m
Nickel steel Bending g g
(Ni 2~3%) e
o
Copper =

Phosphor bronze

Shear 29
Gunmetal 29
8 =
& 8
73 S
Brass 2
4
6 Distortion
) S &
Aluminum 23
1%
Hard aluminum (Note) In the load column, | is static load, Il is repeated load and Ill is alternating  From "Material mechanics g 3
load. basis" @
LEONA Old unit conversion method 1 MP a =10.1972 kgflcm?
Schedule 3: Safety factor 38s
S
o - 0o =
Dynamical load =
Material Static =t
Note) 1. Longitudinal modulus of elasticity E (modulus of elasticity, Young's modulus) load Repeated Alternating Impact 3
load load
Stress .
. Cast iron -
Strain 3
. 2
2. Transverse modulus of elasticity G (modulus of rigidity, rigidity, shear modulus) Mild steel s
Shear stress Cast steel
Shear strain Copper (soft g (_5": §
3. Poisson's ratio metal) &g a
3879
— . Wood
Longitudinal strain
Transverse strain Brick and —
stone T g =]
¢33
) ) a3
Converted into former unit ° 3 g
8 =]
<
() is for reference
3 o m
3 0 Q
22
g3
g8 o
271 272 £
s § >
=3
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o ©
83 -
ENol
78 =}
101 Notes f i d 10-3 Mold design
- otes for making molds
9 (1) Mold design and making flow o=
1) Fully understand the use purpose of molding products and design according to basic steps. E %
g
2) Complex mold structure will reduce productivity. Moreover, the time and costs required for repair of mold Figure-265 Mold design and making flow § @
= Q
g

in case of failure will also be increased.Therefore, simple structure shall be considered first in mold
design.
3) The faults in the molding process are mostly molding machine faults and mold faults.The mold faults are
. o Product conception
mostly concentrated in the sliding block due to complex structure.
10-2 Mold material

The shape and material of the main parts of the mold are described in JIS.

Kouspuadap
ainjesadwa)

Desirable characteristics i ; it .
Any kind of steel may be used for molding of LEONA except flame retardant LEONA; the of product (Dimensional characteristics, appearance characteristics and
physical properties)

spoyew
uonenjeas

corrosion-resistant and wear-resistant materials are used for molding of flame retardant LEONA; the
wear-resistant materials are recommended for GF reinforced LEONA.

Corrosion-resistant materials: SKD61, SKD11, SUS420 J2 and SUS440C Determination of Selection of plastic materials (liquidity, dimensional characteristics

product shape and physical properties 29
Wear-resistant materials: SCM440, SKD61 and SKD11 physical properties) 33
i Simple pickup, multi-pickup or combination mold cavity =
Selection of mold Number of cavities, economical efficiency and desirable 2
structure characteristics
Plate number, mold core, runner, gate, insert 95
External insert, cooling water circuit, exhaust, cold slug well 23
Mold splitting Q5
z 3
2
Selection of mold 38 s
election of mo (Hardness, corrosivity and wear) ]
material 2
«
5
(]
a3
Mold design @ 9
S5
Mold making 3
g
532
328
225
2
384
g5 %
3 0 Q
s 38
o o @
g2
273 274 aga
o
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(2) Fetch and arrangement of molding products

To obtain high-precision molding products, a mold is used to make a kind of molding products and the fetch

quantity shall be as small as possible. If more molds are fetched, the cavity configuration shall not be biased to

a side.Uneven distribution will result in unbalanced clamping force and trimming.The distance from the main

runner to the gate shall be as equal as possible.

Figure-266 Fetch and arrangement of molding products

(No)

(3) Countermeasures for prevention of mold core shift

Figure-267 Countermeasures for prevention of mold core shift

2. Consider the measures to
1. Do not consider the mold with core prevent core shift in the

shift design

(Split edge)

(Good)

3. Consider the measures to
prevent core shift in the
design

4. Consider the measures to prevent core shift in the design

275

General theory of molding processing technology

(4) Vent hole and exhaust
Generally, the depth of the vent holes (vent groove) is 0.003~0.02mm and the length of the gas vent (vent

groove) is about 1.0mm.

Figure-268 Vent hole and degassing

Depth of vent land
0.05 groove
Ejector pin

Groove width 10, depth 0.2

Groove depth 0.2 (Unit: mm)

(5) Cold slug well
Reserve the cooled resin at the nozzle.
The depth of the cold slug well is generally 1.5~2 times the diameter.

Figure-269 Cold slug well

1. Typical cases of main runner, runner, gate 2. Main runner bushing section

flow and injection system

Gate and runner

Cold slug well
Gate Cold slug well Main runner
bushing
Molding .
Main runner
Main Runner Main
runner
runner Sub-runner
Runner
276
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(6) Main runner bushing Figure-271 Relationship between water circuit diameter, interval and cavity distance @ s
- o
@ The ball bushing is used generally. 7
@ R angle of the main runner bushing should be 1mm greater than R angle of the nozzle end. sz
® The minor diameter (mouth diameter) is also about 0.5~1mm greater than the nozzle diameter. E é.
@ The length is as short as possible. g C
g

. . . Too thick part and too thin part
Figure-270 Main runner bushing

© Main runner bushing @ R angle of the runner bushing is

Kouspuadap
ainjesadwa)

(a) Ball bushing (b) Flat bushing greater than that of the nozzle.
MIN
3 €
Pore (8) Cooling of narrow mold core 3 %
The narrow mold core may be cooled by designing a blind hole in the core center, inserting a duct thinner >
than the pore diameter in the center and supplying water to the hard duct to cool the overall core (spray
pipe method). The method of combined use of the air and water can also be used. o o
The core is very fine. When the spray pipe cannot be inserted in, the core may be processed by 23
. . . e . . o 9O
3 The centers of the main runner and nozzle are correctly aligned as shown in left figure. beryllium copper (Be-Cu) with high thermal conductivity and its end is cooled by water. & §
g
Figure-272 Cooling water circuit of narrow mold Figure-274 Cooling duct using water and air in the
core (1) narrow mold core S &
5 e
Q7
Inlet g, 3
;"",
Nors Core shift 33 §
- 559
3
g
(7) Cooling water circuit
The mold is generally cooled by warm water and sometimes by high temperature medium (oil). Outlet Air inlet § §
a <
Sometimes, the water may be cooled and the low-temperature water is used. Figure-273 Cooling water channel of narrow mold core =8
The position is particularly important when the cooling water circuit is processed in the mold. 2
The maximum ratio of the cooling water circuit diameter, cooling water circuit spacing and the distance 75,,:
Water outlet Water outlet el
from the cavity surface is 1:5:3. S
As shown in (b), a cooling tank may be designed near the cavity to effectively cool the thick part in the Water inlet
product. Water inlet §33
328
ga 8
g
Core eject pin  Conduit
3 Q m
3 0 Q
277 278 N
384
Qv o
5§52
7w §
e,
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Figure-275 Cooling method of narrow mold core Figure-276 Cooling method of narrow mold core % =
1) (2) Figure-278 Case of runner section shape and main runner size g >
o
w
g8
® @
. a) Circle graph b) Ladder diagram c) Quasi circle graph 3 E
Beryllium (@) grap (b) g © grapl g3
Water copper <
inlet
£y
]
3 €
Water =@
Beryllium copper outlet
25
&z
=}
(9) Runner
The runner is connected by main runner and cavity to melt the resin. The flow resistance shall be ® o
23
minimized and the runner shall be not easy to cool.Therefore, the runner shall be as thick as possible 2 %
ﬁ <}
and the section shape is close to proper circle. The molding cycle shall not be affected due to the né‘
=3
thickness. The runner shall be not greater than 9.5mm generally.As shown in Figure-277, there are The sectional area of the rubber shall be maximum in terms of pressure transmission and the outer ¢
many rubber types and section shapes. perimeter must be minimum in terms of heat transfer surface.The ratio of the sectional area to the outer 95
L >
. . erimeter is the runner efficiency.The efficiency of the circular and rectangular runners is the same. Since g 2
Figure-277 Runner section shape P Y Y 9 §» )
the square is difficult to eject, the trapezoid by about 10° tilt is used actually. @ 3
=
Circular Hexagon ?
' . . ) 38¢2
Figure-279 Efficiency of different shapes of runner section g5 8
9 y P! g o
Relationship  between  runner e’
Gireul S Semici Rect diameter and length =
ircular quare emicirc ectang (Example 1: simple type) 3
Quadrangular Trapezoidal § §
D: Circular runner diameter (in) g g
W: Molding product weight (0z)
L: Runner length (in) 5
The usable range of D is 3.2¢9~9.5¢ X g
[=}
The usable range of W is 70z >
Flat strip Semicircular
e
328
Sectional area %8 S
Ratio <
Outer perimeter
3 o m
=)
279 280 =38
384
Qv o
g2
o o»
9,,
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(10) Gate @ Lug gate S
a2
(@ Direct gate The injection pressure shall be improved for molding of the resin with poor liquidity, but it will result in 7
This method is to inject resin to the molding project directly through the main runner. stress concentration at the gate, so the lug may be set to relieve the stress. 2=
8 o
For this gate, a cold slug well is set at the opposite side of the main runner to prevent the cooled The lug types include projection behind the local extension of one end of the molding product and an ‘é z
@
and cured resin from flowing into the cavity. additional lug in the part of the same thickness in the molding product. g
Figure-280 Direct gate Figure-282 Lug gate Figure-283 Plural lug gate
ey
Secondary g g
) 3 €
Main runner runner Protruding 23
lug
Protruding 3 m
lug 235
El
. S s
Main @ §
Cold slug well runner Gate
Gate Runner
Main runner 22
Additional lug 2%
@ Common gate (side gate) 2 §
Common gate refers to the side gate to inject the resin from the side of the molding product.The g
common gates are selected according to the resin type or molding product shape. ® Flat seam gate and fan gate
Q
Figure-281 Common gate For flat molding product with large area, the common gate, if used, is narrow and may result in bubbles %’ g
and flow lines, so the shallow gate with large area shall be used. §' g
Molding product The gate thickness is 0.2~1.0mm and the gate slot length is about 1Tmm. %
Figure-284 Flat seam gate and fan gate 33 =
@ g =3
ST
g
g
Runner
aQ
g3
Qg
> a8
Gate Sheet gate Fan gate
T:T%_:
g
(3 Restrictive gate
The structure restricting the gate thickness to rapidly cure the gate is called restrictive gate.Due to
g 33
large pressure loss, the restrictive gate slot shall be about 0.8~1mm. Section A-A % ge
23t
2
3 o m
3 0 Q
281 282 o3&
38 &
g2
Q3 a
o o»
e,
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g9
® Ring gate (® Pin-point gate % °
w
This gate is used for cylindrical, thin and long molding product.The thickness of the gate is about High injection molding pressure is required for the gate with small sectional area. To minimize the
0.15~1.5mm. pressure loss, the gate slot shall be controlled at about 0.8~1.2mm.To reduce the flow resistance in the §‘ s
2z
. . ) . ) ) . S 2
Figure-285 Ring gate (a) Figure-286 Ring gate (b) runner cross section, R angle is processed.The gate diameter varies with the molding product size and § ]
resin liquidity and is generally about 0.3~1.2mmg. <
Figure-289 Pin-point gate groove face s o
EE
3
g € 5 s
B : 23
E Molding = < T
3 roduct = & T
3 P - - 3 g
c T 2 =
T = a L
£ T 2o
< < >
C
< =
L »m
23
2
“ §
g
(@ Diaphragm gate
The diaphragm gate is used when there is a hole greater than the main runner diameter near the center of ©) Submarine gate (tunnel gate) 35
L >
the discoidal molding product.The thickness of the gate is about 0.2~1.2mm generally. Relative to common gates located in the parting surface, only the groove face of the submarine gate is g 2
o 3
. . . . located in the parting surface, and the gate submerges in the fixed mold or movable mold and enters the g 3
Figure-287 Diaphragm gate (a) Figure-288 Diaphragm gate (b) ! parting su 9 Y ges| x v E
cavity. Therefore, the gate will be broken in mold opening.The gate may be also set in the surface, side,
end face and internal surface. 33 =
oo =
Main runner 28 5
g ac,! Figure-290 Use case of submarine gate Figure-291 Submarine gate dimension @
el =
5 Main 3 figure @
% runner g
Q Molding S g 3
@ product [ gg
)
S m -
] 3
3 g T 2
- k=l 2 5
oy > Molding product = >
° ]
[0]
8 e
E zcg
Taper above 2° 238
g
3 o m
3 0 Q
283 284 o3&
384
géy
2 0 a
o o»
e,
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11-1  Injection molding machine selection

(1) Molding machine type
The coaxial reciprocating screw type injection molding machine is ideal.
Reasons:

1) It can be uniformly plasticizing.

2) The material retention position is small, so there is no risk of decomposition.

3) Easy and simple material replacement and color replacement

The horizontal type molding machine is favorable in terms of automatic molding and the vertical type

molding machine is favorable in terms of insert molding and external insert molding.

(2) Molding machine size

The size of the molding machine that can achieve operation in 30~70% capability interval in terms of

clamping force and plasticizing capacity is ideal.
(3) Nozzle
An open-type nozzle and common needle nozzle
11-2 Screw selection
(1) Screw type
The screw for engineering plastics or nylon is recommended.
(The full thread type is ideal and the double thread is also used.)
(2) Screw length
Itis ideal that the screwed nail is 18~22 times the diameter.
(3) Screw compression ratio
The compression ratio is 2.5~3.5 (quick compression).
(4) Check valve
A check valve is installed at the head of the screw.
11-3  Mold selection
(1) Mold design

1) As shown below, the cold slug well in the front of the main runner shall be set long.

Main runner
Runner

1.5D~2.5D depth is
required.

285

Injection molding technology of LEONA

2) The gas vent must be set at the end of flow.

(Example)

Cavity

3) The gate shall be adjusted to be balanced to prevent short shot and trimming when a number of molds are
taken.
The runner and gate shall be designed short and thick to reduce pressure loss.
4) The nylon resin is of low melt viscosity, the hard steel as follows shall be selected for the mold to resolve
the trimming problems.
- Use corrosion-resistant and wear-resistant material (such as SUS) for flame retardant grade.
Mold material
Note that the corrosion or wear types may exist depending on the grade.
Unreinforced level: the die steel stipulated in JIS can be used.
Reinforced level of glass fiber: Wear-resistant materials [SCM440, SKD61 and SKD11]
Unreinforced flame retardant grade: corrosion-resistant materials [SKD61, SKD11, SUS420 J2 and
SUS440C]
Reinforced flame retardant level of glass fiber: Wear-resistant materials [SCM440, SKD61 and SKD11]
Corrosion-resistant materials [SKD61, SKD11, SUS420 J2 and SUS440C]

5) Other
* The gate shall be set in the thick part of the product in principle.
* The surface of the main runner and the runner shall be ground to ensure smoothness, so that the resin
can flow smoothly.
(2) Dimensional tolerance of mold
The shrinkage rate of the molding products varies with the grade.
(3) Gate

Generally, the common gates include site gate, pin-point gate and tunnel gate.

286
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11-4  Instructions for LEONA material 3) Feed back % >
12
(1) Drying of LEONA particles The material in the main runner and runner shall be smashed directly in feed back and used on the same
LEONA has sealed package and shall be immediately used without drying treatment after day or next day.But the mixing ratio of the reclaimed materials must be below 25% in UL746 D. §- s
z
unpacking.However, LEONA will also absorb water like other nylon resins. The nylon particles may absorb water The materials must be sealed and saved if not used immediately. ‘é %’
]
some time after unpacking (varying with the environmental conditions and based on about 3hr at 20°Cand 5

65%RH) and may result in crazing if they are directly used for molding.To prevent above problem, the

(Less water
particles shall be saved in the sealed metal container with rubber blanket or pre-dried before molding. ) absomtion) 33
Molding ~Smashed Diluted in the new material 3 _g
The materials are distinguished as follows: product immediatelv 2 e
o o
1) Recently unsealed material Sealed for Diluted in the new material
placement 3 r(n
[}
. f < It may be immediately 5 2
LEONA material Fully sealeq in a moisture used for molding after 3 §
(Nylon particles) barrier bag unsealing (Much water g
Unsealed for absorotion) Scraped
placement
o o
. . 23
Unsealed material (refer to Figure-292 (Much wat &g
uch water q =
and 293) Unsealed for absorotion) Scraped S
placement <}
Laid aside for short Hot air drying *3 Judge according to the Scrapped in @
time after unsealing 90°Cx2hr foaming status when case _Of large
(within 2 days) cleaning the machine foaming
S &
i . . L - . . D >
(Much water absorption) Large fed-back smashed particles will result in instable plasticizing and molding problems, so large particles g
= O
0 N L . © 3
Laid aside for long Vacuum drying *4 Judge according to the Scrapped in shall be smashed to the equal degree with initial particles. Z 3
time after unsealing 90°Cx24hr foaming status when case of large =
(above several days) cleaning the machine foaming @
(Serious water
absorption) % .f;'; g
588
Scraped 2
5
@
(Note) *1. Varying with the environmental conditions and based on about 3hr at 20°Cand 65%RH
[=N]
*2. The water absorption degree is different depending on the level. :g" g
. . ) ) 3§
*3. The material may be discolored (yellow brown) after drying for above 3hr.(Refer to Figure 294) -
*4. Compared with hot air drying, the vacuum drying is not easy to result in particle discoloring. L s =
o T:D' o
aga
38¢9

3
<]
a
=
@
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Figure-292 Water absorption of LEONA 1300S nylon particles

Moisture
content

Water
absorption

(Note) Placement conditions of 20°C and 65%RH
Moisture content %=0.127% at unsealing

Placement time after unsealing (hr)

Water absorption: moisture rate of water absorbed by particles after unsealing
Moisture content: total moisture rate owned by particles
In this case, the moisture content at unsealing is 0.127%

Then moisture content = 0.127 + water absorption

289

Injection molding technology of LEONA

(%) uondiosge Jajepn

Figure-293 Moisture content and drying time

(Note) The moisture content is equal to the water absorption plus 0.127%.

Dehumidifying and hot air
drying at 88°C
Vacuum drying at 88°C

Limit of moisture content for molding

Drying time (hr)

*1. Vary with the level.

290

sojjspaioeIRyD

lelow

ay) buroeldas

puipjow
uonoa(ul
10} PO

sjonpola

BuIp|oW JO S2JNSEaWIB}UN0D

Kouspuadap
ainjesadwa)

Sjoe pue
suoneoyads

soisusjoRIEYD

ubisep
Jonpoid

Aouspuadap Ve uoneoyoads

spoyew
uonenjeas

3
<]
a
=
@

|esaus)

ainsio

wis)-Buo

191

uaUM

uonoafu)

pue sesed jjne4



2
g s
. . . . . g
<Polyamide resin> Injection molding technology of LEONA 3
3 ST
g2
Figure-294 Degree of discoloration and drying conditions (2) Storage methods of LEONA particles % S
e Overlap the inside and outside of two polythene bags (about 100 thick), bundle and seal the inner and @
. (Note) UCS colorime_try method outer bags.The moisture content is about 0.02% 10 days after storage by this method. a =z
(Nippon Denshoku Industries, ND-K5 type) &3
e Seal LEONA bag with a heat sealing machine for film,so that the bag has the same role with original g 2
a =5
bag of LEONA and the storage life is unlimited. % e
<

e The opening of the unsealed packaging bag is sealed by adhesive tape.
The effect is poor in the summer.
Hot air drying at 88°C (3) Liquidity changes caused by moisture content

The viscosity and liquidity of LEONA are changed after water absorption.

Kouspuadap
ainjesadwa)

Figure-295 Viscosity and liquidity changes of nylon particles before molding

uoIjeI0j00sIp Jo 8albaq
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Visual limit level

L »m
a3y
o 9O
Q =
& 8
=
=3
o
. o -
Vacuum drying at 88°C 3 S
s @
9
o]
&3
-
28z
538
3
. n «Q
Drying time (hr) =
@
. . &3
(Note) This case is for 1300S. &3
. . . . =5
The degree of discoloration varies with the level. 2
352
S o 9
29 a
38¢9
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Moisture content (%) of nylon particles
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(4) Changes of physical properties caused by regeneration Figure-297 Regeneration characteristics of 1300G %
w
The physical properties of unreinforced level (1300S) will not decline generally after regeneration, but the
strength of the reinforced level of glass fiber (1300G) will decline due to glass fiber fracture. &=
3 o
Figure-296 Regeneration characteristics of 1300S 2
Py
o
@ a
Y 2 t3
T o & 3
o = 2 Regeneration ratio 15% & s
@ S % Regeneration ratio 50% 2 3
Q g =3 Regeneration ratio 100%
=] o3
22 3 37
3 5 2
2 g5
o S
L »m
a3
o O
Q =
v 8
Regeneration ratio 15% g
Regeneration ratio 50% ’
Regeneration ratio 100% o
-
g 25
= 23
S z
= @
3
o 3 = 382
S & g £83
Q @, 3
2o ) ) =
S T Elongation between Es
=
~ 9 clamps
G
~ 3 Q T
2, 2 3
() ‘E g
Regeneration times (time) 35 =
29 o
s g a
38¢9
35
Elongation between 2w
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Regeneration times (time) § & §
17} 3 7]
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Figure-298 Regeneration characteristics of FR370 (regeneration ratio 100%) (5) Molding shrinkage rate @ S
a2
Generally, the molding shrinkage rate will vary with the molding product thickness, mold temperature, B
injection molding pressure and other molding conditions.It shall be noted that the molding shrinkage o=
< 9
rate of the glass fiber reinforced level 1300G and FG170 is anisotropic. ‘é z
o @
o Tensile 33
% strength Molding product shape and dimensional measurement position
3
-g §' |zod impact _@ g!
o
2 3 strength Molding product shape (unit: 238
o @ mm) -
® g <3
Lo Tensile
= % elongation
@, Gate t
8 Gate s g
g5
A, B,C S
Dimensional Dimensional
measurement measurement position
position Inside () is FG170 o o
3
o @
o 9O
Q =
v g
Regeneration times (time) S
o
£
23
Figure-299 Regeneration characteristics of FG170 (regeneration ratio 100%) %, &
g 3
&
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Py =
& Tensile =
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g s
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3o s
= g Tensile
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g 23a
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1) Thickness dependency Figure-304 Dependency of molding shrinkage rate on product thickness g S
w
Figure-300 Dependency of molding shrinkage rate on product thickness
g8
® @
3 £
o @
3
2
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Mold temperature 80°C
Injection molding pressure
450kaf/em?

(9%) @1e4 abexuuys Buipjop

Mold temperature 80°C
Injection molding pressure
600kaf/ecm?
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Thickness (mm)

Thickness (mm)
Figure-303 Dependency of molding shrinkage rate on product thickness
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Figure-301 Dependency of molding shrinkage rate on product thickness
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Mold temperature 80°C
Injection molding pressure
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2) Mold temperature dependency Figure-305 Dependency of molding shrinkage rate on product thickness g §
g
Figure-304 Dependency of molding shrinkage rate on product thickness o=
S
g @
2
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Molding product thickness: 2mm
Injection molding pressure
450kaf/em?

(%) oyes abexuuys Buip|op

Molding product thickness: 3mm 2 o
Injection molding pressure o2
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3) Injection molding pressure dependency Figure-308 Dependency of molding shrinkage rate on injection molding pressure % S
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(6) Liquidity Figure-312 Dependency of liquidity on injection molding pressure %
w
The spiral flow mold for measurement is shown below:
Conditions 85
Resin temperature: 265C E g.
Mold temperature 80°C § @
Gate section: 2 mmx2 mm &
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11-5 Prevention of scorches and dark spots and injection molding conditions
(1) Prevention and removal of scorches and dark spots in molding machine
The mold problems and molding problems result in molding interrupt sometimes in LEONA molding process.The
molding machine shall be turned off at the end of molding.lt is difficult to eliminate the scorches and inferior
substances (dark brown gel and black spots) caused by operation error and restart during and after molding.The
nylon resin may be oxidized, degraded and gelated sometimes in the molding machine barrel due to heat and
oxygen and form dark brown gel and black spots.So the following shall be noted:
1) Short-time shutdown and restart methods
# Fitness
Mold replacement and other circumstances within 1h after molding stop
4 Shutdown operation
@ Fully circulate the hopper cooling water.
* Cool the lower part of the hopper to the degree that can be touched with bare hands.(Touch with bare
hands with caution.)
@ Set the barrel temperature to about 250°C.
@ Turn off the molding machine when the hopper and the barrel are filled with resin.
* Cleaning results in hopper and barrel voidance, air involvement and formation of inferior substances (dark
brown gel and black spots).
# Restart operation
@ Recover the hopper cooling water volume and barrel temperature to original set values.
@ Do not set back pressure. Maximize the plasticization stroke and plasticize and clean the LEONA material
to be molded.
* Plasticize and clean repeatedly until there are no black spots in the cleaning substances.
(Clean at least 5 times)
@ Return the back pressure and plasticization stroke to the setting conditions and start molding,
* The products from the 30th batch to the 50th batch after start of molding may not be used due to instable
conditions.
(Remark)
Shut down under the setting conditions within extremely short time (5min) and start molding directly after
restart.But the products from several batches to the 20th batch after start of molding may not be used.
2) Long-term shutdown and restart methods
# Fitness
Molding machine shutdown for more than 1hr.
4 Shutdown operation
@ Do not apply back pressure. Minimize the plasticization stroke and implement plasticizing and cleaning by
PE (SANTEC HD J-240).
* Purify at least five times.
@ Turn off the heater when the charging barrel is filled with PE

305
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4 Restart operation
@ Set the barrel temperature and open the heater.
(@ Do not set back pressure. Maximize the plasticization stroke and plasticize and clean with PE.
* Plasticize and purify repeatedly until there are no black spots in the cleaning substances.
@ Plasticize and clean the LEONA material to be molded.
* Switch from PE to LEONA material continuously and do not make the charging barrel empty.
* Plasticize and clean repeatedly until LEONA material ejected from the nozzle is fully transparent.
@ Return the back pressure and plasticization stroke to the setting conditions and start molding.
* The products from the 30th batch to the 50th batch after start of molding may not be used due to instable
conditions.
(Short cut method)
4 Shutdown operation
Stop molding when the charging barrel is filled with LEONA material under molding.Keep circulating the hopper
cooling water.
# Restart operation
(D Set the barrel temperature and open the heater.
@ Implement plasticizing and cleaning in above @) and set @ conditions through LEONA material for molding from
the start and then start molding.
3) Removal method of inferior substances (dark brown gel and black spots) in barrel
# Fitness
A lot of cracking matters (dark brown gel and black spots) due to empty charging barrel by cleaning cannot be
removed by general cleaning procedures.
(Method-1)
@  Set the barrel temperature.
@ Do not set back pressure. Maximize the plasticization stroke and plasticize and clean with ASACLEAN EG
(cleaning agent for molding machine, or LEONA1300G).
* Operate repeatedly until no cracking matters are mixed.
@ Implement plasticizing and cleaning with PE (SANTEC HD J240).
* Switch from ASACLEAN to PE continuously and avoid empty barrel.
* Clean repeatedly until PE injected from the nozzle is transparent.
@ Then plasticize and clean with LEONA material to be molded.
* Switch from PE to LEONA material continuously and do not make the barrel empty.
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<Polyamide resin>

*

Plasticize and clean repeatedly until LEONA material ejected from the nozzle is fully transparent

® Return the back pressure and plasticization stroke to the setting conditions and start molding,

* The products from the 30th batch to the 50th batch after start of molding may not be used due to instable conditions.

(Method-2): When the cracking matters (black spots) cannot be removed through method-1.

@ Set the barrel temperature to 300°C.

* Set the temperature in the rear of the charging barrel according to the setting conditions.

@ Do not set back pressure. Maximize the plasticization stroke and plasticize and clean with ASACLEAN (cleaning
agent for molding machine,or LEONA1300G).

Reduce the temperature to 250 °C while plasticizing and cleaning.

* Reduce the barrel temperature to the reachable minimum temperature if it cannot be reduced to 250°C due to shear
heat.

* The cleaning effect is better if the back pressure is applied and changed at any time.

@ Then increase the barrel temperature to 300°C while plasticizing and cleaning with PE.

@ Then plasticize and clean with the LEONA material to be molded while reducing the barrel temperature to the set
temperature.

* Plasticize and clean repeatedly until LEONA material ejected from the nozzle is fully transparent.

® Return the back pressure and plasticization stroke to the setting conditions and start molding.

* The products from the 30th batch to the 50th batch after start of molding may not be used due to instable conditions.

(Remark)

a) Perform @ to ® continuously and do not make the barrel empty.

b) Set the barrel temperature to about 270°C when unplugging the screw from the charging barrel and then clean with
ASACLEAN cleaning agent.

(2) Other precautions for molding conditions
1) Injection speed: medium speed or a little fast.
2) Injection time: set the gate confinement time to +1~2sec.
3) Screw speed: It will be changed depending on the molding machine size and shall be as slow as possible.
Example: 100t molding machine: 80~120rpm
40t molding machine: 150~200rpm
4) Sucking back...amount not generating salivation.
Low melt viscosity of LEONA will result in salivation, so sucking back is required.
Itis generally 2~3mm and excessive sucking back will result in discoloring and scorch.
5) Back pressure
To avoid uneven melting, 0~25kgf/cm? back pressure is generally applied.

To eliminate color spots in the use of color master batch, 50kgf/cm? back pressure shall ve applied.

307
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(2) Standard table of molding conditions

shall be used up within 3hr after unsealing.

recommended.

nylon 66 (recommended temperature 90°C).

Class Unreinforced Unreinforced/fire retardant GF reinforcedffire
retardant
Level
i Temperature (°C)
Pre-drying N
Time (HR)
. Resin temperature (°C)
Molding
conditions Mold temperature (°C)
GF ) GF ) Impact-resistant Special and
Class reinforced reinforced/special and GF composite
PA66 reinforced P
13G15 90G33 TRIG]
14G15 900G TR382
1300G
1
13
13
Level 14
14
14
13
14
Pre-drying | —omperature (€) 80 ~00 80 ~80 80~00 80 ~a0
Tima (HR) 2~3 2~3 2~3 2~3
. Resin temperature (°C) — - —
Molding ~295 270 ~290 275 ~295
conditions Mold temperature (°C) 85 ~05f T5~85 TH~85h
Other precautions 1. The pre-drying condition is the hot air drying condition.Please note that the material

will be discolored sometimes after long-time drying at high temperature.

The sealed new material may be directly used without drying after unsealingand

If the material is affected with much damp, vacuum drying (90°C, 24hr) is

2. The mold temperature of LEONA9OG series is a little higher than that of general
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11-6  Humidifying method and annealing heat treatment method of LEONA injection molding Figure-314 Water absorption distribution diagram of LEONA molding products (14G43 slab) z >
products o
(1) Humidifying method of LEONA injection molding products e
The water absorption of LEONA is as large as other nylon resins. When the molding products are placed in ??.; S
the atmosphere, the water absorption is different depending on the level. The maximum water absorption § 5
of unreinforced standard level is about 2.5% and the maximum water absorption of LEONA placed in the 53

water is 8%.Water absorption results in changes of physical properties, especially rigidity and dimensions.
In terms of rigidity, the rigidity is reduced and the impact resistance is improved; in terms of dimensions,
the dimensional change is small and the dimensions start to be stable after absorption of certain water.The
molding product just after molding does not contain moisture basically and is in dry condition.(lt is called
absolute dry condition). In this case, the softness is slightly insufficient and the impact resistance is weak,
resulting in break sometimes.To prevent these problems, humidifying shall be implemented to forcibly

Kouspuadap
ainjesadwa)

absorb water, so as to keep softness of molding product.

1) Humidifying effect

Possibility of fracture

spoyew
uonenjeas

(%) uondiosge Jajepn

Direct use V\iz:iks'ia":\e;d and cracking
Absolute dry
Molding condition
product Dimensional change
L »m
23
— . Small possibility of © o
Use aftr humidiying Strong impact fraciure and cracking 83
=
2
Dimensional stability
e S &
2) Humidifying methods 33
Humidifying methods include steam fumigation method and water impregnation method, in which, the g' %
former is commonly used.Please select according to the needs. =
[
The water absorption curve of LEONA is very important during humidifying and is introduced in detail in the
water absorption part of LEONA. 382
=
@ Application method of humidifying machine (steam fumigation method) 553
Use a constant temperature humidity chamber to control the temperature (generally 60~100°C) and ) @
humidity (generally 90~100%). Base plate thickness (mm) 3
(@ Water impregnation method
Water impregnation method is the most efficient method and the hot water (generally 60~95°C) is more 5
effective The above figure is the water absorption distribution diagram of the slab in absolute dry condition placed under & §.
. =]
® Short cut method the conditions of 23°C and 100%RH.The water absorption in the center of the slab is less than that in both sides e
Put the molding products in a sealed plastic bag and plastic container, inject the stipulated amount of within short time after  water absorption and is uniform after long time. 35 =
water and seal. Humidifving 4 A ter absoroi % 8 z
umiaitying time verage water absorption 308
The steam formed from water during transportation and storage of the molding products plays the role ving 9 P 357§
of moisture absorption and humidifying in the molding products.
3) Precautions for humidifying c3_> _g
The moisture content is different on the surface and in the center of the part with thick wall of the molding § %
E}
product.(Refer to Figure-298) The product is humidified uniformly and shall be placed in the atmosphere
for short time.
(The moisture content will be uniform during product and storage actually, so the standing time is not set ] § g
specially.) g ;—: =
@ 3 §
.
E 3
g Q.
9,,
3
309 310 g
>
«Q



<Polyamide resin> Injection molding technology of LEONA

(2) Dimensional changes caused by water absorption
The dimensions of the molding product are changed due to water absorption.The dimensions (dimensional
change rate based on the mold dimensions; the rate with the symbol changed to positive is molding shrinkage
rate) of the molding product just molded are in e position in the figure. The annealing effect (then shrinkage) will
generate after humidifying of the product, trending to the straight line in the figure.
The bold line labeled by the arrow in the straight line represents the measured value range of the relationship
between the water absorption and dimensions when the humidified molding product is placed outdoors (in
shutter box) and indoors naturally. The change of these values with the environment is consistent with the
straight line.
The sample for measurement is the slab object as shown below.

Molding product shape and dimensional measurement position

Molding product shape (unit: mm)

Dimensional measurement method

Use micrometer

Dimensions of A part (in flow direction) and
B part (in vertical direction of flow)

Side gate

t: Thickness (1, 2, 3 and 5mm)

Humidifying conditions: in 100°C water
5.5~7.5hr

Environmental changes in outdoor placement
(In shutter box)

Temperature 0~30°C

Humidity 35~85%RH

Environmental changes in indoor placement
Temperature 20~30°C

Humidity 30~60%RH

31

(%) (suoisuswip
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Figure-315 Dependency of dimensions on water absorption after slab humidifying

There is no difference
in the dimensional
change rate
measured in different

dimensional
measurement
positions (directions)
of Aand B

Just after

molding

Measured value of
change after
placement outdoors

Measured value of
change after
placement indoors

Water absorption (%)

Figure-316 Dependency of dimensions on water absorption after

Just after
molding

Measured value of
change after
placement outdoors

Measured value of
change after
placement indoors

Water absorption (%)
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(3) Annealing treatment method of LEONA injection molding products 7
LEONA is crystalline resin, so the noncrystalline part of the molding product is gradually crystallized during
long-term use and the volume change results in dimensional change.Moreover, the molding stress relaxation §' E
o
will also result in dimensional change.The product with high requirement for dimensional change is subject to E; %’
annealing heat treatment. It is preferable to forcibly promote crystallization, relieve molding stress and E

stabilize the dimensions.
Annealing treatment is generally humidifying in high-temperature room or high temperature and humidity
chamber.

The annealing treatment temperature is 20~30°C higher than the actual operating temperature and the annealing

Kouspuadap
ainjesadwa)

heat treatment time varies with the product thickness and is 15~60min.

Figure-317 Annealing treatment and dimensional change
(Heat treatment temperature and heat shrinkage rate)
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LEONA 1300S slab (120x80x3t)
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11-7 List of countermeasures for LEONA injection molding problems g
(1) Molding problems (the serial number of the main reasons is one-to-one corresponding to that of the main 85
e a
[=
countermeasures) § 3
Q
Problem Main reasons Main countermeasures =
1. The particle size of nylon particles and smashed product is greater than the screw groove 1. Process the nylon particles or smashed product to smaller size or replace the screw of the molding machine
depth. 2. Increase the barrel temperature E‘ g‘
]
@ Poor resin feed 2. The barrel temperature is too low and the resin is not melted. 3. Remove the cured resin § §
3. The screw in the lower part of the hopper is stuck with cured resin (sometimes, the 1. Increase the barrel temperature E %
hopper is not cooled but the molding will occur) 2. Increase the nozzle temperature
@ The nozzle cannot 1. It is speculated that the unmelted resin is blocked at the nozzle. 3. Remove and sweep the nozzle and take the countermeasures to prevent the foreign matters from being mixed 5w
eject resin 2. It is speculated that the melted resin is cured at the nozzle, resulting in blockage. 1. Reduce the barrel temperature % g
o
3. It is speculated that the foreign matters are blocked at the nozzle. 2. Dry the nylon particles and feed back & %—
=}
® Foaming resin flows 1. It is speculated that the resin is decomposed due to excessive barrel temperature. 1. Properly adjust the screw sucking back
out at the nozzle 2. It is speculated that the much moisture is gasified or the resin is decomposed. 2. Dry the nylon particles and feed back
The polyamide resin with low melt viscosity is prone to salivation 1. Increase the barrel temperature 9
@ Nozzle salivation 2. It is speculated that the resin is hydrolyzed and the melt viscosity is reduced due to much 2. Reduce the screw speed or increase the back pressure to delay the resin passing time g %
moisture. 3. Confirm whether the resin with the melting point higher than LEONA melting point is mixed & 3_:{
o
® The melted resin . " 1. Repair the damage 2
. 1. It is speculated that the resin is not melted fully L .
ejected from the nozzle . L X 2. Reduce the injection molding pressure
) . 2. The screw speed is too fast, so the heat conduction in the barrel wall is poor Q@
contains hard resin X . . 3.Increase the draft E)
3. It is speculated that the other types of resin are mixed. 3 a
lumps 1. Repair the damage a &
® Poor demolding of 1. Damaged mold 2. Reinstall the mold and align at the center @ 3
molding product 2. Excess filling 3. Extend the cooling time i
3. Too small draft 1-(@ Rotate the screw when the nozzle contacts the mold for resin filling. 33 =
@ The main runner 1. Bushing damage (pay particular attention to the part in contact with the nozzle) -2 Reduce the nozzle temperature % ‘;2': =
= =]
remains in the fixed side 2. Core shift at the center of the nozzle and mold gate -® Reduce the back pressure §
mold 3. Failure to fully cure due to short cooling time 2. Dry the resin ;?"
The charging barrel 1. The polyamide resin with low melt viscosity is prone to salivation 1. Replace the check valve
cannot be filled with 2. It is speculated that the resin is hydrolyzed and the melt viscosity is reduced due to much 2. Use appropriate method to prevent resin leakage (is the curvature at the nozzle contact part correct?) a3
resin moisture. 1-® Reduce the nozzle temperature to cure the resin at the nozzle contact part é §-
Q
© Residual quantity of 1. It is speculated that the check valve is abnormal (wear) -(2) Extend the cooling time -
resin is not available 2. It is speculated that the resin is leaky at the nozzle contact part - Property set the sucking back
352
. i 1. The resin at the nozzle contact part is of great viscosity and is not solidified, resulting in 1. Increase the barrel temperature and mold temperature and accelerate the injection speed S22
Main runner drawing o . = e
constant drawing in mold opening. 2. Deepen the cold slug well 288
1. The resin is cured at the gate before full filling of the cavity. 3. Remove other types of resin
2. The cold slug well is too shallow and the cold slug is blocked at the gate 33
@ Gate blockage ) o ) o ) ) a 8
3. The nylon particles or feed back is mixed with other types of resin with high melting point, H &
resulting in gate blockage. >
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(2) Molding product problems (the serial number of the main reasons is one-to-one corresponding to that of the main

Injection molding technology of LEONA

countermeasures) Main countermeasures
Problem Main reasons 1. Increase the injection molding pressure
1. Low injection molding pressure results in increase in molding shrinkage rate and 2. Reduce the mold temperature
decrease in dimensions 3. It is not exposed at high temperature if it is not necessary
©  smalldi ! 2. The mold temperature is too high, resulting in increase in crystalline degree in 1. Improve the cooling water circuit position or adjust the cooling water volume and temperature
mall dimensions
curing and molding shrinkage rate and decrease in dimensions 2-(D Select the resin with small anisortropy (the resin with reinforced level of glass fiber is of large anisortropy and the resin added
3. The molding product is exposed at high temperature, so the crystallization is inorganic fillers is of small anisortropy)
accelerated and the dimensions are reduced. - Modify the product shape, mold shape and cooling water circuit position
Product shape: shape of molten resin to achieve balanced flow horizontally and transversely;uniform thickness and
(@ Deformation (warping and 1. Uneven mold cooling results in changes symmetrical shape (large polymer orientation in thin part)
distortion) 2 Anisotropic level has large changes Mold shape - determine the gate position, so that the molten resin flows from the long direction of the product.The gate shall
be made as flat seam gate as far as possible and the resin flow shall be parallel and wide
1. Due to low mold temperature, the resin is directly cured rather than clinging to g possi : W P w
Cooling water circuit position: determine the cooling tank position to unify the mold surface temperature.It is effective to use
the mold surface
CAE.
2. Due to low injection molding pressure, the resin is directly cured rather than
® Poor appearance o Molding conditions: low mold temperature and long cooling time
Hard spot clinging to the mold surface
a.Hard spo .
3. Due to low barrel temperature and resin temperature, the resin is directly cured ! Increase the mold temperature
rather than clinging to the mold surface 2 Increase the injection pressure
4. Improper use of feed back (mixed with foreign matters, insufficient melting) 3. Increase the barrel temperature
4. Modify the feed back application method.
1. During confluence of resin with decreased temperature at the front end of flow, fy pp
b.Weld line confluence part is not fully fused and the line marks are left on the confluence 1- Increase the mold temperature and accelerate the injection speed.
surface —(@ Product shape: easy flow shape of resin. Minimize confluence and properly increase the number of gates to prevent
. . . excessive decrease of the resin temperature in the confluence part.The confluence part shall not be designed in
. 1. Snakelike traces left by part of cured resin pushed forward by the melten resin P P p 9
c.Spray line the position with load.
from the rear of the mold
o _ . . Mold design: fully set air holes to ensure good resin flow and design overflow lugs occasionally to extrude the
1. Low injection pressure and insufficient resin flow
. . . . . low-temperature resin from the product
2. Low mold temperature, rapid resin curing and insufficient flow
. . . . . 1. Slow down the injection speed
3. Low resin temperature, rapid curing and insufficient flow
L . . 2. Increase the gate size
4. Due to slow injection speed, the resin has started to be cured before reaching g
the end of the cavity 1. Increase the injection pressure
5. Too short injection time 2. Increase the mold temperature
6. Product shape: the resin at the extremely thin part of the product is cured due to 3. Increase the barrel temperature
d.Short shot 4. Increase the injection speed
poor flow
7. Mold shape: short shot in the cavity due to poor runner balance and gate balance 5. Bxtend the injection time
. N 6. Eliminate the extremely thin position
of molds taken in large quantity
. - . 7. Improve the runner balance and gate balance
8. Excessive resin viscosity and poor flow
9. Poor check valve will sometimes result in failure of the injection molding pressure 8. Select the resin of proper viscosity
. 9. Replace the check valve
to rise
10. The resin cannot reach the front end of the cavity due to poor exhaust 10. Exhaust gas sufficiently
317 318
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Injection molding technology of LEONA

319

Problem Main reasons
e. Craze 1. Contain vaporized moisture, decomposed gas and air Main countermeasures
1. Resin flying at the sharp corners 1- Fully dry nylon particles
f.Carry-over 2. Cold slug flying in the product -(2 Reduce the barrel temperature to prevent resin decomposition (molten resin shall not retain in the barrel)
3. Fast injection speed - Reduce the injection speed or change the shape to ensure easy flow and prevent the air from being involved
1. Formed by the cooled and cured resin on the mold surface pushed forward by 1. Eliminate sharp corners
the rear melted resin 2. Fully set the cold slug well
g.Flow line 2. Flow lines easily appear at the sharp corners, extremely thin part and thick part 3.Slow down the injection speed
of product(Flow lines easily appear at the flow end in the extremely thin part and 1@ Increase the mold temperature to delay curing time
th te in th t ly thick part
near the gate in the extremely thick part) - Slow down the injection speed
1. Open the mold before full curing of the thick part in case of extreme thickness - . .
2. Eliminate sharp corners and make thickness appropriate
difference
. . o h . . 1- Minimize the thick diff
h.Turnup 2. Mold opening before the resin after short cooling time will sometimes result in O Minimize the thickness difference
resin stuck to the mold and turnup -@ Extend the cooling time
3. Other types of resin with poor intermiscibility are mixed 2-® Extend the cooling time
1. Insufficient mixing - Reduce the mold temperature
2. Retention in the charging barrel results in discoloration and irregular color 3. Clean fully to prevent other types of resin from being mixed
i.Irregular color 3. Unbalanced filling when a number of gates are fetched 1-(D The screw L/D shall be above 18
-2 Improve the screw back pressure and reduce the speed
- Minimize the feed back particles and reduce the mixing ratio
1. If the stains are black or dark brown, it is speculated that the substances 2. Do not leave retention part
) . generated in the charging barrel peel off and are mixed in the product ” . ) - .
j.Stain . o . L 3. Make gate position and size appropriate and ensure filling simultaneously
2. If the stains are white, it is speculated that the unmelted resin or melted resin is
cured 1. Disassemble and sweep the charging barrel or clean fully
1. Theairin the die cavity is involved in high-speed resin flow and forms bubbles on 2-® Increase the barrel temperature for full melting
 Bubbl the surface of the molding product. -@ Fully deepen the cold slug well
.Bubble L
2. The local thickness difference of the product is large and the air is involved when 1. Slow down the injection speed
the resin flows at high speed from thin part to thick part of the product 2. Prevent sudden change of flow path in design
1. When the resin temperature is low, the molten resin does not closely cling to the 1. Increase the barrel temperature
mold surface 2. Increase the mold temperature
2. When the mold temperature is low, the molten resin does not closely cling to the 3. Improve the exhaust status or set shallow leather
mold surface 4. Make the mold surface clean
) The gas in the cavity is attached to the product surface, resulting in cloud points L
|.Cloud points or low gloss . 5. Increase the injection pressure
4. The pollutants on the mold surface form cloud points ) ) N
When the injection pressure is low, the molten resin does not closely cling to the 6. Adjust the switch position
mold surface 7. Increase the gate size
6. Poor injection switch position, resulting in the phenomenon in item 5 1. Increase the injection pressure
Small gate size, resulting in the phenomenon in item 5 2. Increase the injection speed
1. The injection pressure is low and the molten resin does not closely cling to the 3. Make the mold surface clean
mold surface 4. Increase the gate size
X 2. The injection speed is low and the molten resin is cured before fully clinging to
m.Wrinkle
the mold surface
The wrinkles are sometimes caused by pollution on the mold surface
4. Small gate size, resulting in the phenomenon in item 1
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Problem Main reasons Main countermeasures )
_ 1. Make the mold surface clean
1. Mold surface pollution a =
2. Increase the gate size L)
2. Small gate size [CRnA
3. Improve the exhaust status a %
n.Whitening 8. Poor exhaust 4. Reduce the screw speed and back pressure E
4. Excessive mixing results in decomposition, gas and whitening 5. Fully dry the resin
5. The resin contains the gas causing whitening 6-@ Fully make the draft »
o
6. Forcibly unplug the molding product from the mold, resulting in whitening - Increase R angle at the corner of the molding product and at the root of the shaft sleeve and reinforcing rib ‘t'; %
3
1-( Select other types of resin with good intermiscibility § g‘_
[=4
s 1. Contain other types of resin with poor intermiscibility - Clean the machine and increase the rejected quantity 23
0.Stripping .
2. Salivation, drawing and mixed with cold slug @ Increase the resin temperature
2. Prevent salivation and drawing and modify the cold slug well 3 m
25
1. Remove and sweep the charging barrel and eliminate local retention part g S
1. Local resin retention in charging barrel 2-® Ensure sufficient mold exhaust a §_
p.Scorch 2. Poor exhaust and gas compression heat result in resin scorch -@ Reduce the injection speed
3. Excessive resin temperature results in dark brown 3. Reduce the barrel temperature
1-@ Extend the cooling time %’_ %’
1. Open the mold before full curing of resin <@ Reduce the mold temperature 2 g
q.Expansion . . 7 g
2. The thick part of the product is not fully cured 2.As thin as possible 5
=3
1-@ Increase the clamping force @
X . . . -2 Reduce the injection molding pressure
r.Trimming 1. The molten resin flows to the parting surface gaps of the mold . S5
- Decrease the resin temperature and mold temperature 22
o 7
-@ Correct the flatness of the parting surface % )
1. The volume of the molten resin shrinks during curing.The sink mark degree of -® Improve the runner and gate balance to prevent resin pressure from biasing to a place % 3
s.Sink mark crystalline resin is large generally.Curing shrinkage in thick part of the product 1-M Extend the holding time ?
results in drawing of product surface to the thick part, forming sink marks. -@ Reduce the mold temperature 33 =
. . ® T =T
@ Insufficient strength of 1. Easy break at the corner due to stress concentration -® Extend the cooling time 555
. X -@ Decrease the product thickness (the maximum thickness is about 5mm) 3
molding product 2. Small thickness . . X i =
-(® Set gates near the position prone to sink marks and increase the gate size ®
a.Fracture at the corner 3. Damage results in stress concentration and easy break L . . Lo
-® Pay adequate attention in the design of reinforcing rib and shaft sleeve
b.Air holes in the fracture 1. It is speculated that the air holes result in stress concentration 1. Set R angle at the corner 2
» 9
surface Air holes are caused by resin shrinkage and air involvement 2. Properly increase the thickness Q g
3. Investigate and prevent the reasons for damage -
c.Fixed fracture and break 1. Fracture and break in the damaged part of the mold 1-® Reduce the thickness
352
position 2. Fracture and break in the part with weak strength @ Extend the holding time % 3 g
" . 303
a =
d.Fracture and break in the , o Change the gate position and size E}
. 1. It is speculated that the cold slug is mixed Reduce the injection speed to avoid sharp flow path changes in design
product part with poor 5 =
2. Fracture and break in the wrinkle part due to insufficient injection pressure 1. Repair the mold damage 2 T:u‘
appearance ) ) g q
2.Properly increase the thickness 25
e.Foreign matters found on the 1. The foreign matters are in the stress concentration part. 2. It is speculated that 1. Fully despen the cold slug well >
fracture surface the cold slug is mixed 2. Increase the injection pressure, mold temperature and resin temperature
1-(@ Disassemble and sweep the charging barrel or clean fully S g
Q =
-(2) Take measures if other foreign matters are mixed ci 3
2. Fully deepen the cold slug well B §
=
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12-1 Reasons and countermeasures for break and cracking (3) Analysis results of reasons for break « fracture of LEONA molding products &
[Outline] Analysis of the reasons for break « fracture of LEONA in the market recently shows that "poor crystalline state" and = =
@
LEONA is crystalline thermoplastic resin and has extremely high toughness in the resin, so it is widely used for "poor design" (with sharp edges) are the main reasons. E é.'
a =5
electrical, electronic, automobile and other functional components. There are few break and cracking Table-46 Analysis results of reasons for break « fracture of LEONA molding products g @
<
phenomena in the market. Reasons
Therefore, the analysis results show that the break and fracture of LEONA molding products in the market are , . i a o
No. Level name Use name Poor crystalline state Poor design Exceptional external o @
mostly caused by the following two reasons: E gb
Q =
1) Poor crystalline status of molding product force % &
< 3
2) Poor design (acute angle) 1 13008 Socket part o o
Main points of countermeasures: 3m
) ) 2 13008 Connector o 3 5
1) Use the molding temperature suitable for LEONA 35
o =
2) Set R angle for acute angle of the molding product 3 13008 Threaded part ° “8g
(1) First 4 14028 Gear o
The engineering plastic is used for gear, connector and other multi-functional components, but has less break m @
i ) . ) . . 5 1402S Fuse block o 23
and fracture in the market.There is no exception for LEONA, especially in the winter. 2 S
: 23
We have analyzed the true reasons for break « fracture of LEONA molding products in the market in the past and 6 14028 Fixed part °© ’ z
=3
discussed how to solve the countermeasures. 7 14028 Cover o ’
(2) Reasons for break « fracture of LEONA molding products o -
8 14028 Connector o o El)
The general reasons for break « fracture of LEONA molding products are as follows: 3 e
9 FR200 Connector ° 0 g 3
2z
Table 45: General reasons for break ¢ fracture (o represents relevant reason) Z
Break « fracture status Reasons for break ¢ fracture 1) Crystalline state and break » fracture 3 g %
. . 0 o
(A) Ductile failure @ Abnormal external force load It is found that the break « fracture of LEONA molding products are closely related to the molding temperature (barrel B § >
(Neck shape deformation) setting temperature).That is, when the barrel setting temperature (especially the middle temperature) is below 275°C of El
(B) Brittle failure @ Poor design (stress concentration in sharp edge) general level (resin melting point of +10°C), the molding product is in poor crystalline state, resulting in break and
@ Mixing of metal powder, gravel and other foreign matters (stress fracture 2D
. 2 3
1 H a <
concentration caused by foreign matters) The following D and @ are enumerated based on such data. S5
®  Poor molding (insufficient gate confinement, poor weld lines, @ Crystals are not visible and the resin is mixed with unmelted nylon particles at low resin temperature. The screw
flow marks, unmelted resin and poor crystalline state) speed is too high and the crystalline state is uneven. 3 ‘_SD: Z
’ . ) . - g9 a
@ Decreased molecular weight (use moisture absorbing materials, resulting in (@ When the resin temperature is below LEONA melting point, the breaking strain drops suddenly. 38¢
polymer decomposition). So the low resin temperature or high screw speed will result in insufficient resin plasticizing, poor crystalline state
(unmelted resin, incomplete spherulite and flow marks),strain decrease and break and fracture. g 3 %
3 a0
2) Relationship between design and break « fracture § =
Q
<

The break and fracture of molding products are mostly caused by acurate angle in terms of design.
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Fault cases and countermeasures of molding products

Figure-318 Analysis of reasons for break « fracture of LEONA
(Relationship between molding temperature and crystalline state)

No.1 (Poor crystalline state)

LEONA 1300S

Melting point

Melting point

No.2 (Good crystalline state)

LEONA 13008

Melting point

No.3 (Good crystalline state)

LEONA 13008

Melting point

Nozzle part Front Middle

Each part of charging barrel

Rear
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No.4 (Poor crystalline state)

LEONA 14028

Melting point

No.5 (Poor crystalline state)

LEONA 14028

Melting point

No.6 (Poor crystalline state)

LEONA 14028

Melting point

Nozzle part Front Middle Rear
Each part of charging barrel

(¢3) 2amesadwal Sumes

(¢3) 2imesadwal Sumas

(3) @anjesadway Sumas

No.7 (Poor crystalline state)

LEONA 14028

Melting point

No.8 (Poor crystalline state)

LEONA 14028

Melting point

No.9 (Poor crystalline state)

Melting point

Nozzle part Front Middle Rear
Each part of charging barrel
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Reference temperature area (1)
LEONA1300S LEONA1402S
LEONA1300G LEONA1402G

Resin

temperature Virgin
(c material
Added GF
(Measured
value)
Melting point

Reference temperature area (2) (FR200)

Resin
temperature

(Measured Melting
value) .
point
Nozzle part Front Middle Rear

Each part of charging barrel
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Figure-319 Relationship between plasticization conditions and crystalline state

Temperature at
the front of
charging barrel

Crazin
Poor ¢ 9)

(Even crystalline

state)
Slightly poor
(Uneven crystalline
state)
Poor

(Mixed with unmelted particles)
(Crystals not visible)

Screw speed (rpm)

Condition: resin LEONA 1300S
Molding machine IS90B
(Note) The above data is for good and poor areas distinguished by observation of
the crystalline state of the polymer strips continuously extruded when the

molding cycle is 0.
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Fault cases and countermeasures of molding products

Figure-320 Relationship between resin temperature and tensile elongation

LEONA melting point

Resin temperature ('C)

Condition: resin LEONA 1300S

Molding machine NETSTAL (102>
Mold ASTM #1 dumbbell-shaped sample
Mold temperature 80C
Screw speed 100RPM
328
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(4) Countermeasures for break « fracture of LEONA molding products 7
The above analysis results show that the break and fracture are mostly caused by poor crystalline state and poor
design of molding products.Therefore, the following measures shall be taken for break and fracture: §' E
(7}
1) Measures taken to obtain the molding products in good crystalline state E; %’
(D The resin temperature in LEONA molding is controlled in the management range according to the following table. E
Resin Barrel temperature (set value) (°C)
tem \{ i
Resin perature Nozzle part Front Middle Rear -
(°C) (measured =
value) § g
g &
Virgin material 275~290 280~295 280~290 275~285 260~270 &3
LEONA Added GF 285~300 290~305 290~300 285~295 270~280
FR200 250~260 250~260 245~255 245~255 240~250

It shall be noted that there are many cases of low setting temperature in the middle and rear of the charging barrel.

spoyew
uonenjeas

The resin temperature is affected by the molding machine type and molding conditions and the resin temperature at the nozzle shall be measured and

confirmed.

@ If the screw speed is too high even though the barrel temperature is set to the stipulated temperature, the molding

o
product will be in crystalline state. So the screw speed shall be set to 80~100rpm. § g
® The feed back particles with excessive size are not easy to melt in the charging barrel, resulting in unmelted resin, & §
so the feed back particles shall be uniformly smashed into nylon particles before use. g
@ Excessive injection volume injected once relative to the molding machine capacity will result in poor plasticizing,
so the molding shall be achieved within 30%~60% injection capacity of the molding machine. 95
2) Design countermeasures § z§
Acute angles result in stress concentration and break « fracture, so it is required to set R angle for the acute angles of g %
the molding products. g
3) Other countermeasures
@ Mixing of gravel, metal powder and other foreign matters in the molding products will result in stress concentration 38 g
and break - fracture, so the foreign matters shall be fully managed. 5 g S
@ Insufficient gate confinement, poor weld lines, flow marks and bubbles result in break and fracture, so the mold ‘;
temperature and injection time shall be molded under appropriate molding conditions. @
@  Molding at high moisture content of nylon particles will result in molecular weight decrease of LEONA and break *
fracture, so the moisture in the nylon particles shall be strictly managed. g §
For example, the remaining nylon particles are put in a bag for LEONA and sealed by heat or adhesive tape; or < §
two thick plastic bags are overlapped and the inner bag and the outer bag are bundled by rope.Moreover, the
particles may also be stored in a sealed metal container with a washer. 35 =
When the feed back is used, the smashed product is subject to hot air drying or vacuum drying before molding. % g z
(Refer to 11-4 (1) Drying of LEONA particles for the drying conditions.) 88 ¢
In the environment with low temperature and low moisture content, the nylon materials including LEONA have high
rigidity, resulting in stress concentration and strain decrease, and the molding products are prone to break and fracture. g 3 %
In such environment, break and fracture easily appear close to the area with poor crystalline state, so the resin g ‘5_‘ g—
temperature shall be controlled in the area with good crystalline state of molding products. g e 3
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12-2 Heat discoloration and water absorbing discoloration of heat-proof aging grade 12-4 Corrugated case discoloration of LEONA molding products 2
[Phenomena] [Phenomena] = =
@
LEONA particles with the heat-proof aging level of 1402S, 1402G and 14G25 are approximately white naturally, but Yellow spots will appear on the surface of LEONA molding product sometimes after the molding product is stored in a E é.‘
a =5
the particles will turn light blue or orange after unsealing from 25kg bag and water absorption or after heating corrugated case for long time.This yellowing phenomenon will accelerate in high temperature and humidity ~‘<%
drying in an oven. environment.

This phenomenon is changed and reversible depending on the water absorption and heating status of particles.

o o
o @
The same phenomenon will also occur in the molding products. [Reasons] § gb
) ) . . & s
Environment Water absorbing state Heating dry state It is believed that the compound generated by property changes of lignin as one of corrugated case components in 5 %
high temperature and humidity environment has chemical reactions with polyamide molecules, resulting in yellowing.
Resin tone Light blue Light green General white Light yellow Light orange a g
[Countermeasures] I:
o =
[Reasons] For storage in a corrugated case, it is recommended to use a corrugated case with coated inner surface or place a “8g
For heat-proof aging, the above LEONA levels are mixed with heat stabilizer of copper compound.Affected by sealed bag with good air barrier property in a corrugated case.
moisture and heat, the copper compound will be discolored due to change in the junction state of copper ions, so ° »
3
the tone of the resin particles will be changed based on above principle. 5 8
9, =
Even in case of discoloring, the copper compound as the heat stabilizer still has the same effect and will not affect @ g).
the mechanical properties of the molding product according to the experience so far. >
S &
12-3 White attachments on the surface of unreinforced flame retardant grade molding products 33
Qg
[Phenomenal] z 3
White attachments may generate on the surface of the molding products with the unreinforced flame retardant 3
grade of FR200 and FR370 after long-term exposure to high temperature and humidity environment. 33 =
(0]
oo =
555
>
[Reasons] e
3
The white attachments may be regarded to be precipitated to the surface of the molding product by polyamide 66
oligomer (LMW components) and flame retardant components in the molding product resin. ~
o =
$E
> a8
[Countermeasures]
Try not to store the molding products in high temperature and humidity environment for long time. 331
2 o0 2
The white attachments, as part of the resin components, will not affect the mechanical physical properties and ch % ;
3 =
flame retardance of the molding product.
133
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13.

Precautions for use of LEONA

Precautions for use of LEONA

m Precautions

The content recorded in this material is based on the current materials, information and data mastered and may be

revi

sed based in new findings and understanding.The information provided is not guaranteed value.Therefore, please

fully consider the operating environment and design before use at your risk based on your judgment of no problem in the

product.

1

Precautions for use

The following precautions shall be noted for the use of LEONA provided for you.Please effectively follow the

precautions for safe use of LEONA!An MSDS has been made separately for precautions for use of LEONA.Please

contact us!investigate the safety of additives other than LEONA by yourself.

O®Precautions for safety and sanitation
Do not make your eyes and skin in contact with gas from LEONA drying and melting and do not inhale the gas.
Do not directly touch high-temperature resin!lt is recommended to set local exhaust device and wear protective
appliances (protective goggles and protective gloves) during drying, melting and other operations.

@Precautions for burning
LEONA is flammable, so it shall be used and stored away from firelln case of burning, poisonous gases and
asphyxiating gases may generate.For extinguishment,water base extinguisher, foam extinguishing agent and
powder extinguishing agent may be used.

®Precautions for waste
LEONA may be handled through burning or landfill by recognized industrial waste disposer or local public body
according to Relevant Regulations for Waste Treatment and Cleaning.For handling by yourself, please use
combustion equipment and comply with the decrees such as law on prevention of atmospheric pollution!Carbon
monoxide and other poisonous gases and asphyxiating gases may generate during combustion.

@Precautions for storage
Absolutely avoid resin pollution and moisture absorption!Store the resin in a cold and dark place without moisture
and immediately start molding after unsealing.
The bag containing the product shall not be opened or immersed in water!The resin falling out shall not be loaded
back to the bag!

®Precautions for molding
The appropriate resin temperature for LEONA molding is 270~310°C.At a lower temperature, the local biological
property may be reduced due to uneven plasticity;at a higher temperature, the gas may generate or crazing and
other poor appearance may appear due to decomposition.However, there are individual exceptions,such as
FR200 and FR360.Be sure to refer to the product manual of each product before molding.Do not make LEONA

stay in the cylinder of the molding machine for long time in melted status!

335

The resin will be decomposed, resulting in discoloration or degradation of the molding product.In this case, please use
polyethylene for displacement in the charging barrel before molding!

(2) Applicable specification
Consult us on whether each level meets the requirements in electrical appliance management law, UL specifications
and CSA specifications.Do not use them for food packaging containers and other purposes in contact with foodor for
medical purposes!Consult us for details! Contact us for other special purposes and we will negotiate with your.

(3) Other

Pay attention to the industrial property right before use.

336
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