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This standard has been revised in consequence of the following changes:

{1} quality requirements have been revised as a result of introduction of new
150 molds.

(2]} standards to be referenced for test methods have bean changed.
{3)misdescripticn has been corrected.
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TOYOTA ENGINEERING STANDARD | TSM5515G C2

IN MOLDING MATERIALS

L. 5cope

This standard covers the general properties of polyacetal resinmoldingmaterials
{hereinafter referred to as "molding materlials™) used for automotive plastic
parts. The molding materials shall meet the part performance criteria and
material gpecificaticns in separate standards.

The parts made of materials provided by this standard shall confom teo
prohibitions and restrictions for substances of environmental concern in
TSZUNOLG. Exempt uses specified by EU ELV Directive shall conform to the latest
version of the Directive.

2. Classification and Designation
The classification and designation of the molding materials shall conform to
Table 1. For z molding material requiring special performance, the followlng
seffixes shall be added te its material code.

C: Chemical resistance

I: High temperature light oil resistance
H: Heat-aging resistance

L: Light resistance

Vv: Low VOO {Volatile Organic Compound)
W: Weatherability

Example: TSMS515G- 4
Suffix

Clasgsification

Prepared and Written by: Engineering Administration Div.
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Table 1 Clagsification of Molding Materials

npnuuummnmnHOalemnnwwun coda Compasition Major spplication
Class 1A TEHI5156G-1A Copolymer type of high-|Suitable for pacts
viacoaity pelyacetal reainjreguiring creap ceslstance
andfor repeated fatlgue
realscance. Tenperature

condition: 1050 max.
class LB TSHE515G-1R Capolymar Eype af[Suitable for genaral parts.
moderate-flow=wiscosity Temperaturas condlition:
[peiyacetal resin 105 max., %Nben materials
suffixad with D are used in
1lght oil, the temperaturs

shall not axceed 100°C,

Class ZA [TEMES5LSG~2A Homopolymer type of high-|2unitable for parks
vriscosity polyacetal resin|eequiring mechanical

strengkh, creep resiatance
and repeakad fakigue
reslstance. Temparature
conditlions maAu BAX. Mo
Jhot-watar raslacince
pxpoctad.

Class ZB TEME5155-28 Homopolymar type pf[Suiltakble for parkts
moderate-/Flow=-viscoalty raquiring machanlcal
polyageral realn stLrength. Temperature

conditicn: B80T max. Heo
hot-water cesistance or
grease resistance
axpected.

Class 2C TEME515G~2C Homopalymer type of|Suitable for parcs
modarate-viecosity ragquiring mechanleal
poliyacetal resin atecpngth. Temperature

condition: 105 max. No
?owutunmn rasistance
expected.

3. Quality

The gquality of the malding materials can be evaluated in principle in accordance
with either one of the following, depending on the Japanese or internatiomal
standard to which the agsociated test method shall conform.

Hew JIS oz ISQ Standard = TSMO506G

Former JIS or former ASTM Standard —* TSMOSCLG

Regardlesg of the applicable standard, the quality of themoldingmwaterials shall
meet the property requirsments specified in Table Z ox 3 and Table 4, when they
are tested under the test conditions specified in Section 4 and the test results
are evaluated in accordance with the criteria specified in Section 5. If no
specific requirements hawve been established, however, TSMOS06G shail apply.
Neote that becaunse the molding materials covered herein are highly sensitlve to
strong acid, use of the materials shall be probibited where the materials are
subject to contact with strong acid.

_|alii-ﬁ5§ dard sEut] arderTei Ot ok i ggﬁg&jmmﬁuuﬂmrn& 1! Revlsed:
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I50 Standard is used)

Table 2 Requirements for General Mechanical Properties [when measurement method complying with

F Teak item Class 1A | Class 1B { Class 24 | Class 28 | Class 2T
Denaity 1.37 to 1,44
ensile test Tensile strength 57T min. &) min, 2l min.
[MFPa)
Strain at fractera|l 18 min. _ 3 min. 20 min.
14}
Modulus of 1870 min. 2080 min.
elasticity (MPa}
impact test|with notch (kJ/R 3] 4.1 min. | 2.9 min. | 5.5 min. | 3.6 min.
Deflecticn 1.8 xmmﬁ‘uﬁ 15 min. 40 zin. #8 min.
Lomperaturs underlys Mra(Cr 1327 =in. T4z nio.
Rockwell hargdoess [N Scale 66 min. 73 min.

Table 3 Requirements for General Mechanical Propertias {when measurement method cooplying with

former JIS is used)

| Test item Class 1A Clams 18 | Clasa 2R § Class 2P | Class 2C
|Specifle gravity 1.37 to L.44
Tanaile bteat ensila strenqgth 55 min. ES min. 59 aln.
[MPa]
Elongation at| 40 =min. 20 min. i0 min. 20 min.
fracture %)
Flaxural test Floaxoeral ascrcangth 73 min. 85 min.
{MFa)
Flaxural modnlus 1800 min. 2000 min.
{MEFa}
[zod impact test IWith notch (J/m) 44 min. | 29 min, 59 mim, [ 3% min.
Heat distertionfygap wuup;u“ 95 min.
temperature 155 krai T} 140 min. 150 min.
Rockwell hacdness [ Scale T4 min. 75 min.

Table 4 Other Property Regquirementy

fsuffixed wikh W or L}

Izem Class 1A | Class 1B [Class 2A | Class 2B {Class 2C
ater absorptlion (4] O.d max.
[Heat aging[Tensile stcength 70 min. - a0 min.
resiscance retention rate at ylald
{suffixed with H] |{4]
Grease reslstance[Tensile 118G %0 min. === Jshall nat
[sufflzed with C) fsteangkth 05 - 90 min. xhibit ——
retantion jconsplcu-
rate at yleld jouws
%) degrada-
Lion of
propert-
iea that
will
Llapade
i 'E]:]
Antifreeze Tensile atrength 90 min. 5hall not sxhibit conapicuoys
rasistance retention cate at yield degradation of proparties thak
[auffixed with C) J(¥) will impede gae
|[Weatherability [light rasistance}l|Piscoloration andfor coleor fading shail be better

thaa Grade 3 in Tahle 6.

High temperature|Tensile strength -— 90 min. -
light oll|ratentian rete at yisld
resistance [k}
[suffixed with D}
Low VOC {suffixed|Quantity of|Mathod B - 1.2 max. -——
with W) evaporated Hyy }
formaldehyde ligrnod B 40 max.
1Hgin'y
[FOTES: The ‘o £hia standard shall Grddrtake the Joil Pecla Wy Al

oo st 413
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4. Tast Method
4.1 Testing in Accordance with ISO or New JIS

4.1.1 Test Specimen Preparation

Prepare the test specimens in accordance with Section 2 of TSMO5065, as a rule.
The practical conditions for injection-molding the test specimens or those for
comprassion-molding the flat plates to be used for punching the test specimens
shall conform to IS0 9988-2. For the injection melding, in particular, mold
the test specimens under the conditions best suited to MFR of the material by
using a die conforming to TSM(506G. The injection molding speed, Vr, shall be
determined from eguation (l} given below.

Where,

¥: molding speed {mm/s)

A:! cross sectional area (mm’)

V;: shot capacity {mm’)

#: number of cavities in die

tr: cross sectional area of test specimen at its principal porticn (mm’)

4.1.2 Test Specimen Conditioning
Prior to the test, condition the test samples and test specimens in accordance
with Sectlon 2.4 of TSMOSO6EG. For the conditioning time, however, comply with
I50 9988-2, which is 16 h or longar.

{4.1.3 ambient Condition of Test
For the ambient condition of the test, conform to Section 2.4 of TSMOSO0GG.

4.1.4Collection of Test Data
Coliact the test data in accordance with Sectiecn 2.5 of TSMOS06G. Attach the
test specimen molding conditions and other related data to the test results.

4.1.5 Nuaber of Test Data {n)
The nunber of test data, n, required for evaluating the propertiaes of the malding
materials shall be 10 min., unless specified specifically.

4.1.6Denzity Measurement Test
Carry out the measurement in accordance with Secticn 3.1 of TSMO506G.

4.1.7Tensile Test
Comply with the test method specified in Section 3.2 of TSMO506G. For the
tensioning speed and other conditions of the test, comply with ISC 10350-1, as
a rule. The practical test conditions are shown in Table 5.

HIGTES: The reciphn. ol s standu chall dertalie thr olowing conBicacsia iy SoIget s Upan e Peovpt of 50 Established/ 11 Revised:
R s T T I S R e T | e
e B N o P o T it e il cxperel of Torywp Joscr
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Table 5
B Iten ¢rosa head speed | Rematk
Tensile Lest|field stcess (HP&) 50 nm/S/min “ =
[Flongacion after Whan the elongation after fracture 13
fracture 1%} 1J% or less, use 5 amfmin.
adulus of alasticity 1 omifmin ---
iMPa}

4.1.8 Chazpy Impact Test
In acoordance with Section 3.3 of TSMOSOEG.

4.1.% peflection Temperature under Losd Measurement Test
In accordance with Section 3.4 of TSMOS)EG.

4.1.10 Hardness Test
In accordance with Sectlon 3.8, TSMOS06G. This test shall be conducted in the
atmosphere of 23 £ 2T, and measurement shall be based on M-Scale.

4.2 Testing in Accordance with Former ASTM or Former JES
Unless ctherwlse specified, the test shall be conducted under the conditions
specified in Section 4.2.1 to 4.2.4 inclusive.

4.2.1 Conditioning
Condition the test samples and/or specimens in accordance with Section 4,
TSMO501G for not less than 24 h.

1.2.2 Atmosphere
In accordance with Section 5, TSMOSOI1G

4.2.3 Preparation of Test Specimens
In accordance with Secticon 3.1, TSMO501G

{.2.4 lumker of Teat Specimens
Tn accordance with Section 6, TSMOS(1G

4,2.55pecific Gravity Test
In accordance with Section 9.1, TSMOSQIG

4.2.6Tensile Test
in accordance with Section 9.2, T5M05015. This test shall be conducted in the
atmosphere of 23 * 2T with 10 mm/min of crosshead speed.

4.2.7 Flexural Test
In accordance with Saction 9.3, TSMO501G, This test shall be conducted in the
atmosphere of 23 £ 2T with 2.0 mo/min of crosshead speed.

. qf%lilgi%—iglnéﬁgiﬁili mmnnz—mumnn”—_— mnim.mnn
ﬁn.ﬁﬂﬁ oIy T et S SRS ZSRET | 500
%ﬁ_ ciated thorete act opned by and sk ke ozl o
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4.2.8 Izod Impact Test
In accordance with Section 9.4, TSMOS0iG. This test shall be conducted in the
atmosphere of 23 £ 2T,

4.2.9 Hardness Measurement Test
In accordance with Section 9.9, TSMES01G. This test shall ke conducted in the
atmosphere of 22 £ 2T, and measurement shall be based on M-Scale.

4.2.10 Heat Distortion Temperature Measurement Test
In accordance with Section 9.6, TSMO501G. This test shall be conducted at 1520
kPa and 455 kPa of flexure stress.

4,3 Testing Other Mechanical Properties

4.3.1Water Absorption Measurement TFeskt
In accordance with Secticn 9.16, TSMOS01G

4.3.2 Beat Aging Resistance Test (Suffixed with H)

Dze the tensile test specimens shaped in accordance with Section 3.1 of TSMO501G.

Condition the test specimens as followa:

{1! Condition in accordance with Secticn 4 of TSMO0S01G.

{2 Leawe for 1440 h {60 days) in & Geer oven adjusted to 110 £ 2C.  Then again,
condition in accordance with Secticn 4 of TSMOS01G.
Using the test specimens conditicned in (1) and (2}, conduct the tensile
test in accordance with Section 9.2 of TSM0S01G. Determine the tensile
strength retention rate at yield from egquation (2}.

Tensile strength retention rate at yield 5 (%} = 5:/5 * 100 —— {2}

where,
S: tensile strength after conditioning (1%
5;: tensile strength after conditioning (2}

4.3.3 Grease Resistance Test (Suffixed with C}

Use the tensile test specimens shaped in accordance with Section 3.1 of TSMOS01G,

Condition the specimens as follows:

{11 Condition in accordance with Section 4 of TSMO501G.

{2) Apply the same greasefoil as that for actual production use uniformly over
the specimen surfaces, and leave the specimens at 110 £ 2T (g5 * 2°C) for
1440 h {60 days). Then, wipe the grease/oil off the specimens, and condition
again in accordance with Section 4 of TSMO501G.

Using the test specimens conditioned in (1) and {2), conduct the tensile
test in accordance with Segtion 9.2 of TSMOS0LG. Determine the tensile
strength retention rate at yield from equation (2).

T ?%n?ﬂg;&iﬂr? bW Line men e et X | Established/ 11 Revised:
Cl..HWT!l Toc !ﬂ&ﬁkﬂhﬁhﬂﬂﬂg
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Tensile strength retention rate at yield 5 (%) = 5./5, % 100 --- (3}

where,
8,: tensile strength after conditioning ({13}
5;: tensile strength after conditioning {2}

4,3.4antifreeze Resistance Test ({Suffixed with C)

UOse the tensile test specimens shaped in accordance with Section 3.1 of TSM0501G,

Condition the specimens as follows:

{1} Condition in accordance with Section 4 of TSMOS0LG.

{2) Irmerse the test speclmens under the following conditions:
Dilute the sams antifreeze as that for actual production use by 30% {vol)
with distilled water, and immerse the specimens in the dilution of 110 %
2% for 1440 h {60 days}. Then, wasi them with water, and again condition
in accordance with Section 4 of T5M0501G. Wext, using the specimens
conditionedin (1} ard (2}, conduct the tensile test inaccerdance with Section

9.2 of TSHC501G. Determine the tensile strength retention rate at yield frem
equation {4).

Tensile strength retention rate at yield 5 (%) = 5,/5 X 100 --- (4}

where,
Sy temsile strength after conditioning (1}
5;: tensile strength after conditiomning ({2}

4.3.5Weatherability {Light Resistance) Test
This test is performed on W- or L-suffixed materials requiring weatherability
{light resistanece}.
(1} Test egquipment
(a} For W molding materials:
Sunshine Weather-o-HMeter (Section %.20, TSMOSOLG)H
{b} For L molding materials:
Fade-0-Meter [Section 9.20, TSM0301G)
{£} Weatherability test conditions
{a) Black panel temperature: $3 * 3T
{b) Exposure time: 800 h

After exposure, lnspect the surface for cracks with an S0-powermicroscepe. Alsc,
check test sapecimens visually for discelorationandfor color fading, and evaluate
the results in accerdance with the criteria given in Table 6.

Table &
Grade | Rating Canditlong
5 [Excellent Ko visible change
4 ood §light change
K] Fair Small change
2 Unaccepktable {Change
1 Remarkable change

I T Fecigiet ol s SUAHOLPY sl usieri iy tha Ielweing ondiGeniity a5 jgetions upon te recelpd. of this Established/ 11 Revised:
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(Reference)

Table 7

Grade [Color difference
{Ag) it

7 or less
3 to 2.0

1 to 4.0
1

1

ke 7.0
or MOIE

Ll e RS B L

Hote: (1)
ARcceptable color difference of interior parts after light resistance test
is gpecified in indiwidual parts drawings.

4.3.6 High Temperature Light 0il Resistance Test

Prepare tensile test apecimens that have been configured in accordance with

Section 3.1 of TSMOS013. Condition the abowve specimens according to the

following proceduras:

{1} Condition the specimens under the procedures specified in Section 4 of
TSM0501G.

{2) Immerse the specimens in the high lubricity standard right oil |RF-30-2-32)
made by Haltermann Co. With the container covered tightly, store it for 300
h at 100 £ 2%, Replace the light oil with fresh guantity and store the
container for further 500 h at 100 £ 2'C. Take the specimens out of the
container, wipe the oil carefully off the specimens, and condition them under
the procedures specified in Section 4 of TSMOS01G.
After complation of the respective procedures (1) and {2}, put the test
specimens to the tensile test specified in Section 3.2 of TSMOS01G. Determine
the tensile strength retention rate at yield from egquation (5} as followa:

Tensile strength retention rate at yield 5 (%} = 5/85 * 100 -—----~ {5}

Where,
Sg: tenaile strength after conditicning in accordance with procedure (1}
5;: temsile strength after conditicning in accordance with procedure (2§

4.3.7 Low ¥OC

Carry out the test in accordance with Method A& or Method B specified below.

{liMethed A (hag method)
Calculate the gquantity of formaldehyde evaporated from the test piece in
accordance with T3MOS08G. The test piece shall be a flat piece of &0 X &0
X 2 mm in dimensisns as shown in Fig. 4 din TSMO506G, Section 2.3. The
temperature of resin during test piece molding shall be 190°C. Use a cutting
knife for removing the molded test piece from the runner. Take care not to
heat the test plece. Using equation {6), calculate the quantity of evaporated
formaldehyde. In the calculation, divide the guantity of formaldehyde
evaporated from one test piece by its mass that has been measured in advance.
For the test resul+, record the quantity of evaporation per unit mass or ¥

g/g.
E.ﬂiaﬁi?:ﬁ!i;&%& . fdemtialny chigations upen the recetX S| £ 0y i chedf 31 Revised:
Sl iy« B Tt wﬁﬁﬁﬁﬂ% Tul 2005
nal.__ -
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Quantity of evaporated formaldehydei|Fg/fg) = [Quantity of formaldehyde
evaporated from test piece {Fg/test piece}]/(Mass of test piece (g)] — [6}

[2)Mathod B {thermal desorption method)
Calculate the quantity of formaldehyde evaporated from the test piece in

accordance with TSHOS505G,

5. Evaluatlon of the Test Result

5.1 Mumerical Values of Test Result
Calcuiate the mean value (X | and the standard deviation (s} fromthe data obtained
from the procedures given in Section 4. The method for rounding the numerical
values is defined in Section & of TSMOS01G. The nurber of test specimens is

15 in = 15).

5.2 Evaluation of Test Hesult
Judga the numerical values calculated in Saction 5.1 as follows;
(1] For lower iimit values specified in Tables 2 through 4
Bccept : (2 X - 2,00 X g
Beject : (5 > X - 2.00 X 5}
Sy lower limit value of specification
(2) Por upper limit values specified in Tables 2 through 4
Aecept : (Sp & X + 2,00 X 5)
Reject : (Sp< X + 2.00 ¥ s}
Sp: upper limit value of spacification
whara, meah value of test specimens:
E aqin
P oMyt Xt Xy - F X
standard deviation of test specimens:

5 = VY

Ve Sin - 1) _
=4 - - X1t —— 1+ ik, - AV
s Ixi® - jZxi)%n

6. Indication of Material Marking to Part
Indicate thematerial narking £o the parts which are made of the material covered

by this standard, as given in Table B.

Table 8
Material Material code| Marking method
Polyacetal resin TIM5515G-1A >POM<

TSM5515G-18

TSM5515G-24
TSHS5515G5-2B
TSHM5515G-2C

[ [T Fechpen oF this saanchard shall ruiertaks Ut Flloweing cemdfidentiality obiigaciens upan the recelpt ! thB) £ o 1) o hedf 11 Revlsed:
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Applicabla Standards

TSM3501G standard Test Methods for Plastic Molding Materials

TSMOS506G Standard Test Methods for Plastic Molding Materials for
Compliance with IS0

TSMOSOEG volatile Substance Measurement Method under Sampling Bag
Method

TSMOSE22G Test Method for Measuring Wolatile Substances under Heat
bescrption Method

TSEZ000IiG Control Method for Substances of Environmental Concern

ISO 9938-2 Plastics -- Polyoxymethylene (POM) Moulding and Extrusion
Materials -- Part 2: Preparation of Test Specimens and
peterminaticn of Froperties

ISG 10350-1 Plastics -- Acquisition and Presentation of Comparable
Single-Point Data —— Part 1: Meulding Materials

?..&!n?ﬁai" e e e s s s e sespp| EStaDlIshed/ 11 Revised:
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