SECTION 18 DESIGN OF PLASTIC GEARS 1. Less load-carrying capacity, due to lower
maximum allowable stress; the greater
compliance of plastic gears may also produce
stress concentrations.

Plastic gears cannot generally be molded to

the same accuracy as high-precision

machined metal gears.

3. Plastic gears are subject to greater
dimensional instabilities, due to their larger
coefficient of thermal expansion and moisture
absorption.

4. Reduced ability to operate at elevated
temperatures; as an approximate figure,
operation is limited to less than 120°C. Also,

limited cold temperature operations.

5. Initial high mold cost in developing correct
tooth form and dimensions.

6. Can be negatively affected by certain

18.1 General Considerations Of Plastic Gearing

Plastic gears are continuing to displace metal gears in a 2.
widening arena of applications. Their unique characteristics are
also being enhanced with new developments, both in materials
and processing. In this regard, plastics contrast somewhat
dramatically with metals, in that the latter materials and
processes are essentially fully developed and, therefore, are in
a relatively static state of development.

Plastic gears can be produced by hobbing or shaping,
similarly to metal gears or alternatively by molding. The
molding process lends itself to considerably more economical
means of production; therefore, a more in-depth treatment of
this process will be presented in this section.

Among the characteristics responsible for the large increase
in plastic gear usage, the following are probably the most

significant: chemicals and even some lubricants.

1. Cost effectiveness of the injection-molding 7. Improper molding tools and process can
process. produce residual internal stresses at the

2. Elimination of machining operations; capability tooth roots, resulting in over stressing
of fabrication with inserts and integral designs. and/or distortion with aging.

3. Low density: lightweight, low inertia. 8. Costs of plastics track petrochemical pricing,

4. Uniformity of parts. and thus are more volatile and subject to

5. Capability to absorb shock and vibration as a increases in comparison to metals.

result of elastic compliance.

6. Ability to operate with minimum or no 18.2 Properties Of Plastic Gear Materials
lubrication, due to inherent lubricity. Popular materials for plastic gears are acetal resins such as
7. Relatively low coefficient of friction. DELRIN*, Duracon M90; nylon resins such as ZYTEL¥*,
8. Corrosion-resistance; elimination of plating, or NYLATRON** MC901 and acetal copolymers such as CELCON***,
protective coatings. The physical and mechanical properties of these materials vary
9. Quietness of operation. with regard to strength, rigidity, dimensional stability, lubrication
10. Tolerances often less critical than for metal requirements, moisture absorption, etc. Standardized tabular data

is available from various manufacturers' catalogs. Manufacturers
in the U.S.A. provide this information in units customarily used in
the U.S.A. In general, the data is less simplified and fixed than for
the metals. This is because plastics are subject to wider
formulation variations and are often regarded as proprietary
compounds and mixtures. Tables 18-1 through 18-9 are
representative listings of physical and mechanical properties of
gear plastics taken from a variety of sources. All reprinted tables
are in their original units of measure.

gears, due in part to their greater resilience.
11. Consistency with trend to greater use of
plastic housings and other components.
12. One step production; no preliminary or
secondary operations.
At the same time, the design engineer should
be familiar with the limitations of plastic gears
relative to metal gears. The most significant
of these are the following:

Table 18-1 Physical Properties of Plastics Used in Gears

Tensile | Flexural Compressive 'Heat Distortion| Water Mold

Material | Strength Strength  Modulus | Temperature  Absorption Rockwell Shhnkage
(psi x 107)(psi x 10") (psi x 10" | (°F @ 284psi) (% in 24 hrs) Hardness| (in fin,)
(BT
Acatal Ba-1.0 13— 14 410 230 - 255 025 Rza 0.0z
0.003
ARS a45-B5 5-135 170 = 200 180 = #a5 D2=05 RA0 = 120 0,007
0.007
MNylan &% 1.2 =131 148 00 200 1.3 A1BE- 123 0.015
Myfon &/ 10 T-85 1.5 400 145 0.4 A1 0,015
WAT0 0, (0%
Polycarbonabe A-95 11 -13 350 265 - 290 Q15 A112 0007
0.003
High Irmpact
Fodysbyrenda 1.9 -4 55-125 300 - 500 150 - 205 085 - 9.00 MEs - 69 Ch 00
M3
Polyurathana d5 -8 7.1 RE 180 = HE 0D - 0.B0 Ha0 2009
FLI!!.H.nnllll 0302
Chilanide BE-9 a-15 300 — 200 140 - 175 G0F—-040 [RIGD— 120 e
| MED
Folysulfana 102 15.4 370 i L 0o [ R0 00076
a5, —Filled |
Hylon [ 102 1] 3500 140 0.4 | DTES D2
Aeprinted wilh the permission of Flaslic Dasign and Processing Magarine. soo Relforence 8

*  Registered trademark, E.l. du Pont do Nemours and Co., Wilmington, Delaware, 19898.
** Registered trademark, The Polymer Corporation, P.O. Box 422, Reading, Pennsylvania, 19603.
***Registered trademark, Celanese Corporation, 26 Main St., Chatham, N.]J. 07928.



Table 18-2

Property Chart for Basic Polymers for Gearing

Tensile Izod Coeff. of
A‘ﬁ’:;ﬁr Mold Strength Flexural Impact I?I.‘zfll_ﬁd' Linear Specific
24hrsp. Shrinkage * Yield Modulus Strength @264p.si Thermal Gravity
* eBreak Notched P Expan.

Units % in./in. psi psi ft.lb/in. oF 10-5 oF
ASTM D570 D955 D638 D790 D256 D648 D696 D792
1. Nylon 6/6 1.5 .015/.030 *11,200 175,000 2.1 220 4.5 varies 1.13/1.15
2. Nylon 6 1.6 .013/.025 *11,800 395,000 1.1 150 4.6 1.13
3. Acetal 0.2 .016/.030 *10,000 410,000 1.4/2.3 255 5.8 1.42
4.Polycarbonate

30% G/F, 0.06 .0035 *17,500 1,200,000 2 290 1.50 1.55

15%PTFE
5. Polyester *8,000
(thermoplastic) 0.08 .020 ©12,000 340,000 1.2 130 5.3 1.3
6.Polyphenylene

sulfide 0.03 002 ¥19,000 | 1,300,000 1.10 500 1.50 1.69

30% G/F ) ) ! ! ! ) ’ ’

15%PTFE
7. Polyester *3,780 ] ]

elastomer 0.3 .012 *5.500 122 10.00 1.25
8. Phenolic

(molded) 0.45 .007 *7,000 340,000 .29 270 3.75 1.42

* These are average values for comparison purpose only.
Source: Clifford E. Adams, Plastic Gearing, Marcel Dekker Inc., N.Y. 1986. Reference 1.
Table 18-3 Physical Properties of DELRIN Acetal Resin and ZYTEL Nylon Resin

- . "DELRIN" "ZYTEL" 101
Properties-Units ASTM 500 100 -2% Moisture 2.5% Moisture
Yield Strength, psi D638* 10,000 11,800 8,500
Shear Strength, psi D732* 9,510 9,600
Impact Strength (Izod) D256* 1.4 2.3 0.9 2.0
Elongation at Yield,% D638* 15 75 5 25
Modulus of Elasticity, psi D790* 410,000 410,000 175,000
Hardness, Rockwell D785* M 94, R 120 M79 R118 M 94, R 120, etc.
Coefficient of Linear Thermal
Expansion, in./in.°F D696 4.5 x 10-5 4.5 x 10-5
Water Absorption
24 hrs. % D570 0.25 1.5
Saturation, % D570 0.9 8.0
Specific Gravity D792 1.425 1.14 1.14
* Test conducted at 73°F
Reprinted with the permission of E.l. DuPont de Nemours and Co.; see Reference 5.
Table 18-4  Properties of Nylatron GSM Nylon
Property Units "::“ Value Property Units "ﬁ:“ Value
Spaoitc GravTy D T2 116117 Hardness D785 A2 - 120
[Rrpckownd ], TIF
Tencde Siromgth, 73°F (£ DEXE 17,000 14000
Caosdfaciont of Frictscn 15- .35
Elpngation, T3'F " D 63A 10- 680 (Dry we Stoad)
Cryramis
Mol s, of 2] 634 350,000 -
Elasitity, T3°F 450,000 Hoal Distomtion Tomp
B pai F DG4 [ 00 - 425
Comprostnie Srangth psi 0 GG5 bt Y| ¥ D848 200 - 425
@ 0.1 % Ditsat B.000
@ 1.0% Oltset 12,000 hialting Point F O-7E4 430 10
Snenr Sirongth, 73°F pei D732 10,500- 11,500 Frammakbiiby 0-535 Sll-
aufirgueh
Coaticien of Lonoar inAnF | D06 505 10
Tonsily Impact, 73°F 1 By e, = B - 130 Thasrnal Exparsson
Dby B ® oan 05-10 Water Absodplicn
Linadir Load 24 Howars b D-5T0 1.2
122°F, 200004 Saturnson a D-570 £5-4%5

Resistant to: Common Solvents, Hydrocarbons, Esters, Ketones, Alkalis, Diluted Acids'
Not Resistant to: Phenol, Formic Acid, Concentrated Mineral Acid
Reprinted with the permission of The Polymer Corp.; see Reference 14.
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Table 18-5 Typical Thermal Properties of "CELCON" Acetal Copolymer

ASTM

Property Test Method Units M Series GC-25A
[Flow, Softening and Use Temperature
Flow Temperature D 569 OoF 345 -
Melting Point - OF 329 331
Vicat Softening Point D1525 OoF 324 324
Unmolding Temperaturel - OF 320 -
Thermal Deflection and Deformation
Deflection Temperature D648
@264 psi OF 230 322
@66 psi OF 316
Deformation under Load (2000 psi @122°F) D621 % 1.0 0.6
Miscellaneous 5 .
Thermal Conductivity l BTUQ’[J;{; ;g:/m_ 1.6 -
Specific Heat - in./in.oF 0.35 -
Coefficient of Linear Thermal Expansion D696 R
(Range:- 30°C to + 30°C.)
Flow direction 4.7 x 1073 2.2x 1073
Traverse direction in./min 4.7 x 10-5 4.7 x 10-5
Flammability D635 in /in ) 1.1 -
Average Mold Shrinkage2 - R
Flow direction 0.022 0.004
Transverse direction 0.018 0.018

1unmolding temperature is the temperature at which a plastic part loses its structural integrity (under its own weight) after a

half-hour exposure.

2Data Bulletin C3A, "Injection Molding Celcon," gives information of factors which influence mold shrinkage. Reprinted with the
permission of Celanese Plastics and Specialties Co.; see Reference 3.
Table 18-6 Mechanical Properties of Nylon MC901 and Duracon M90

Testing

. . Nylon Duracon
Properties Method Unit

ASTM MC901 M90
Tensile Strength D 638 kgf/cm?2 800-980 620
Elongation D638 % 10-50 60
Modules of Elasticity (Tensile) D638 103kgf/cm2 30-35 28.8
Yield Point (Compression) D638 kgf/cm?2 940-1050 -
5% Deformation Point D638 kgf/cm?2 940-970 -
Modules of Elasticity (Compress) D638 103kgf/cm2 33-36 -
Shearing Strength D732 kgf/cm?2 735-805 540
Rockwell Hardness D785 R scale 115-120 980
Bending Strength D790 kgf/cm?2 980-1120 980
Density (23°C) D792 - 1.15-1.17 1.41
Poisson's Ratio - - 0.40 0.35

Table 18-7 Thermal Properties of Nylon MC901 and Duracon M90
Testing
. . Nylon Duracon
Properties Method Unit

ASTM MC901 M90
Thermal Conductivity C177 10-1Kcal/mhroC 2 2
Coeff. of Linear Thermal Expansion D696 10-5cm/cm/oC 9 9-13
Specifical Heat (20°C) cal/oCgrf 90.4 0.35
Thermal Deformation Temperature o _
(18.5 kgf/cm2) D648 C 160-200 110
Thermal Deformation Temperature _
(4.6 kgf/cm?) D648 oC 200-215 158
Antithermal Temperature (Long Term) oC 120-150 -
Deformation Rate Under Load
(140 kgf/cm?, 50°C) D621 % 0.65 -
Melting Point oC 220-223 165
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Table 18-8 Typical Physical/Mechanical Properties of CELCON® Acetal Copolymer

Prope '"‘fm”" 5';:;'“':“‘:1 Tomp, M-Series GC-254| | |M-Serles GC-254
English Units (Maetric Units) Method Size U Values  Values U Values  Vinlues
Specific Gravity | DTe2 141 | 1.59 1.41 1.58
Dansity Ibsin® (gfemn”) | | 00507 | 0057 |
Specilic Voluma Ibsdin® (£m) ] 19,7 17.54 | & 0,63
Tensile Strangth at Yielkd D 838 Type! —30°F 13700 |16.000 243? §| E 1 IE1I:I
i ”'-!-'I ‘e S-pﬂﬂlj- B 118" T3 °F %.E{lﬂ {at {15
160 °F| 5,000 | break) ||70°C | 350 |bDreak)
—40 "F| M25/30 ":—-d-l:l Ol MES30
| MDD L]
METOM S METIN15
D 638 Type | . g
Elongation at Break %= Spead B | 1/8* Thick n°F EEE e-d 237G | E%E 2-3
M2TOva0 METOA0
160 “F| 250 TO°C | 250
Tonsiie Modulus ingdin® (kgfcm®) O 638 1.';-??}?“:':!: 410,000 1.2» 109 | | 28800 | B4 500
. ., | 73°F| 375,000 h.05c104 |23°C | 28,400 |74,000
Flexural Modulus bain® kgiem?) | D790 5% Y2 %460 °F 180,000 |0.7x100||70°C | 12700 (50,000
’ V8" Thick 1990 +F| 100,000 0.5x10¢| [105°C] 7,000 |35.000
Flaxusmal Stress 5 x 13 u ' - -
at 5% Delormuaton Ibsfn® {kgfem®) L 780 1/8" Thick | 13,000 Nns
Compressive Stross . .
at 1% Deflection bsin? (kplom?) | D85 | "”E“F o 'Effgﬂ 320
at 10% Defiection Esin? (kgiom’) ' " 1100
y okm =40 “F| Mm25M1.2 ~d0 0 ME25E.5
i : 212y RS0 O MAaS.5
R MPACEIRRAN REIED 12" x 1/8°| 73°F | M27008 | | M270/4,4
M2TOV1.0 | M270/5.5 |
[ ME25/B0 M25M1590
Tansie Impact .E-Imngtrn R Pt C1e2 |Specmen MOOTO 50 MI0A50 | 110
{=Min? (kg omdem) 1/8* Thick B2 TOMED M2T0M 30
Rockwell Hardness MScale | D785 | 2 X% 80 80
- . 73| 7.700 2a°c| 540 |
Shear Strength Ihaint (kafam? D 732 08 oneg| 8700 | 8,300 m.ﬂl 470 584
S (hgiomr) | Dist  ygpeF| 5700 70°C | 400
Waler Absorption | 2* x 1o |
24 — I, Immarsion e D570 Disc R 029 o2z 028
Equilibrium, 50% AH % 0,18 018
Equildrium, Immersion 0,80 Q.80 |
14 14
Tapar Abrasion 1000 g Load 0 1044 4 ¢ 4° :nl:_%upﬂl .ln-'u%gm
CS5=17 Wheal C"lclg'r. CyChes
Coufficiant of Dynamic Frction D1894 | 3 x4’ I
= pgainst steel, brass and aluminurm 0.15 | 015
* pgainst Caloon 0,35 | 0.35

Many of the properties of thermoplastics are dependent upon processing conditions, and the test results presented are typical
values only. These test results were obtained under standardized test conditions, and with the exception of specific gravity,

should not be used as a basis for engineering design. Values were obtained from specimens injection molded in unpigmented
material. In common with other thermoplastics, incorporation into Celcon of color pigments or additional U.V. stabilizers may
affect some test results. Celcon GC25A test results are obtained from material predried for 3 hours at 240°F (116°C)
beforemolding. All values generated at 50% r.h. & 73°F(23°C)unless indicated otherwise.

Reprinted with the permission of Celanese Plastics and Specialties Co.; see Reference 3.
Table 18-9 Water and Moisture Absorption Property of Nylon MC901 and Duracon M90

Testing Method

Nylon

Duracon

Conditions ASTM Unit MC901 M90
Rate of Water Absorption _
(at room temp. in water, 24 hrs.) % 0.5-1.0 0.22
gf]tuwraatté‘ﬁ;‘ Absorption Value D 570 % 5.5-7.0 0.80
Saturation Absorption Value _
(in air, room temp.) % 2.5-3.5 0.16
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It is common practice to use plastics in combination with different as well as density and modulus of elasticity. For this reason,
metals and materials other than plastics. Such is the case when Table 18-10 is presented.
gears have metal hubs, inserts, rims, spokes, etc. In these cases, Other properties and features that enter into consideration
one must be cognizant of the fact that plastics have an order of for gearing are given in Table 18-11 (Wear) and Table
magnitude different coefficients of thermal expansion 18-12 (Poisson's Ratio).

Table 18-10 Modulus of Elasticily, Coellicients of Thermal Expansion and Density of Materials
Modulus of Coafilcent Temperature
Matarial Elastlcity af Thermal Range of Density
(flexural) Expansion Coalicient [Ibin)
(1Eim. ) (per °F) ("F)
Fermaus Matals
Cast Irons;
MAalaable 2500 26 % 10 GEx 10" B 1o 750 265
Giriny sl B 23 x 10 G.Ox10" 210212 60
Doctile 238 25 x A g2x10° 810 750 255
Shanls:
Cast Stonl 28 po 30 x 10 B.2x 10" 64 10 1000 283
Flain carbon 29 80 300 w0 Ba=10" 4810 1000 286
Lena aillerg ciust and wroughs 30 = 107 B0= 10" 010 1000 .280
High alloy 30 x 0P Bbofy 1004 68 10 1000 284
[ (1T TR e 28 b 3000 10 B.5x10° A2 1o 900 .28E
AISE 4140 28 x 10¢ G2x 10t 32w 22 et h
Sialnless:
AlSl 30 sones 26 x 10° DGx 10" 32w 22 287
| A5 400 series 20 x 1P LR 32 w0 2i2 280
Monfarrouws Mataks:
Alurranurn afoys, wronsght 10 b 1006 = 107 120 x 1l 68 1o 212 0GR
Alyrminum, sand-cast 105 x 1 TR 1278107 BHK 212 097
Alurminum, dig—cast 103 0 1141122 10° | GAbp 212 i |
Barghum coppar f8 x 10° .3 10 BE 212 2o7
Brasses 1810 17 x 1P 1.2 % 107 BB e 572 306
Beonzas iTwiax10¢ B T G b 72 any
Copgrar, wroughl 7% 10 G810 BE bo 750 333
Magnasium aoys, wiowghl B.5 x 1 145 % 10 Gl b FD 065
WMagnagiurm, dis—cast G5 x 0 14w 10° G b 212 DES
donal 26 % 100 T80 a2 b 212 atg
Hickal and alloys 6t 30 x 10¢ 765 10 GE b 212 2
Hickel, low—ixpanson allays e R 12w Ex 10" =200 1o 400 282
Titanism, unalioyed 1510 16 x 10 S8x%10° | 68 ta 1650 163
Titaniurm alloys, wought i3 17 5= 10° S0 7xi0° GE o 572 il
| Zine, dig-cas] 206 =10 G x 10 B8 10212 24
Powder Matals:
Iren [unalioyed) 12 10 25 x 107 - = M im 27
Iran=carbon 13 =100 Fl A e &8 10 750 22
Ingn—-coppes-—-carbon 1380 15 x 107 Tulb* &8 1a T&0 22
A5 4830 186 23 % 10° -— — 25
Slainless staals
AlSI 300 sares 15 B 20w 10 — &4
AISI 400 series 14 ko 20 % 10¢ — 23
Brass 10 = 10° - - 26
| Bronze B 13 x 10° 10 x 10" 68 to TH 2B
Monmelallics:
Acrylic 35mwdsx 10 3004 210 0 b 107 D43
Dielien {acetal rasin | 4.1 5 167 SH x0T HE b F20 051
Flugracasban resin (TFE} 4.0t 6.5 x 10" PR TR -2 lo 8 o7a
Mylan 16 ka5 x 108 450055 % 10 -2 o 86 041
Fhanalic lamingla:
Papar basa 1.7 0 1B x e Ofrio 1.4 5 10 =22 0 86 {4ag
Cotton base OB b 1.3 000 OF i 1.5x 10° - 10 86 a8
Latar Basa 06 o 1.9 x 10 081 1.4x10 22 10 BB D4ag
Paolystyrane (genaral purpose| A0 o B x 10F J3oL£4w107 =22 1o BE Ll

Souice: Michales, GW . Procision ﬁg.alr.\l}g_ Wiay 1065

Table 18-11

Asednd

ABS
Polystyrena
Mylon B-6
Myion B-10

WS -Filled Mylon

Polycarbonate
Palyursthang
Brass

LT

TS PTG T MM D T Shiekl

TTMTE TN Y YTV Brass
0o mmmT 0 Polyunethanss
g T T A M Palycarbonale

mmmoOoQ MaS, -Filled

£ S D O Mylan 810

Wear Characteristics of Pinslics

g |
Pig
o
G F F &
G P F
F F
G
Ry
E — Exgadiant
G — Good
F — Fair
P — Poor

Raprcdid arth the pormissson of Plasie Dosign and Provesiarsyg Magafoes soo Bolonenos 8
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Table 18-12 Poisson's Ratio  for
Unfilled Thermoplastics

[Polymer m

Acetal 0.35
Nylon 6/6 0.39
Modified PPO 0.38
Polycarbonate 0.36
Polystyrene 0.33
PVC 0.38
TFE (Tetrafluorethylene) 0.46
FEP (Fluorinated Ethylene Propylene) 0.48

Source: Clifford E. Adams, Plastic Gearing, Marcel
Dekker Inc., New York 1986. Reference 1.




Moisture has a significant impact on plastic properties as can be
seen in Tables 18-1 thru 18-5. Ranking of plastics is given in
Table 18-13. In this table, rate refers to expansion from dry to
full moist condition. Thus, a 0.20% rating means a dimensional
increase of 0.002 mm/mm. Note that this is only a rough guide,
as exact values depend upon factors of composition and
processing, both the raw material and gear molding. For
example, it can be seen that the various types and grades of
nylon can range from 0.07% to 2.0%.

Table 18-12 Katerial Ranking by 'Water Absorplion Rale
Material Hile ﬂ1‘|:r-l|"|-ant'
7 +a i
e . & T
g % T
s AR (L DLk
. it 17}
o5 | e T Chaetey 1
dppeior  Irs i 2
B W el e T iF H
Pobyngter it il fhe Dia
bl i g Pt E 1
Foey il Bl P - e il 3
o fdeci il I [
TR e alaer] i Dt
Jii et i ChOT 4 ’
Jt PG, CNCs L J04 T
Meykcan 1 £ 0P Ol 007
Haobycamennads | 10-407% gla LAkr =B
Srby o - Uil nike OOt |20 X glaas Bl 008 - 022
Potyoalos thormaop 0
Iharmaplasts PTIT |X 014
pass Al mcsis 110 =015
Pdsrarnt il o | D glass 118
Fibapsriy 1] ami vl Fileed] 012 = 0.3
Porpinsilor alydl  asls i<l R
Percatonals unlBod 115 =018
Pobposton Cail  diged G5 - DD
A TFi I ]
Mulom i3 Lx
B T | k= (jland L2
alyaston alkoel vaery e PR Sl i
e acrybonelndn copoiymress wnliled ) L]
Pyl B eita AR aillapy Ll =]
Mgy i Pl ] £
Mool oy T ]
AT T b
Mechrat 12 | Lrweson i)
howtal | % siaaa } 35
Py ¢ o il 1
hewtnl |34 % Mlias 1 ]
heden F P i e |

W PR e

Table 18-14 lists safe stress values for a few basic plastics
and the effect of glass fiber reinforcement.

It is important to stress the resistance to chemical corrosion
of some plastic materials. These properties of some of materials

used in the products presented in this catalog are further
explored.

Nylon MC901

Nylon MC901 has almost the same level of antichemical
corrosion property as Nylon resins. In general, it has a better
antiorganic solvent property, but has a weaker antiacid property.
The properties are as follows:

Table 18-14  Sale Stress
- For man_y _ Plastic Sale siroas. nal
nonorganic acids, Lindilled Glnaserolnd e
even at low LS Aesins 300
concentration at e 00 KK
normal Myion HO00 W
temperature, it Poivenrbanal 000
should not be used = ;e - p
! ciyest 150 K]
without further et
tests. Souron: Clillerd E, Adams Flasie Sanang
Marsel Dekkar inc. Mow York 15985 FBalonenos 1

- For nonorganic alkali at room temperature, it can be used to a
certain level of concentration.

- For the solutions of nonorganic salts, we may apply them to a
fairly high level of temperature and concentration.

- MC901 has better antiacid ability and stability in organic acids
than in nonorganic acids, except for formic acid.

- MC901 is stable at room temperature in organic compounds of
ester series and ketone series.

- It is also stable in mineral oil, vegetable oil and animal oil, at
room temperature.

Duracon M90

This plastic has outstanding antiorganic properties. However, it
has the disadvantage of having limited suitable adhesives. Its
main properties are:

- Good resistance against nonorganic chemicals, but will be
corroded by strong acids such as nitric, sulfuric and chloric acids.
- Household chemicals, such as synthetic detergents, have
almost no effect on M90.

- M90 does not deteriorate even under long term operation in
high temperature lubricating oil, except for some additives in
high grade lubricants.

- With grease, M90 behaves the same as with oil lubricants. Gear
designers interested in using this material should be aware of
properties regarding individual chemicals. Plastic manufacturers'
technical information manuals should be consulted prior to
making gear design decisions.

18.3 Choice Of Pressure Angles And Modules

Pressure angles of 14.59, 20° and 259 are used in plastic
gears. The 20° pressure angle is usually preferred due to its
stronger tooth shape and reduced undercutting compared to the
14.59 pressure angle system. The 259 pressure angle has the
highest load-carrying ability, but is more sensitive to center
distance variation and hence runs less quietly. The choice is
dependent on the application.

The determination of the appropriate module or diametral pitch
is a compromise between a number of different design
requirements. A larger module is associated with larger and
stronger teeth. For a given pitch diameter, however, this also
means a smaller number of teeth with a correspondingly greater
likelihood of undercut at very low number of teeth. Larger teeth
are generally associated with more sliding than smaller teeth.

On the other side of the coin, smaller modules, which are
associated with smaller teeth, tend to provide greater load
sharing due to the compliance of plastic gears. However, a
limiting condition would eventually be reached when mechanical
interference occurs as a result of too much compliance. Smaller
teeth are also more sensitive to tooth errors and may be more
highly stressed.

A good procedure is probably to size the pinion first, since it is
the more highly loaded member. It should be proportioned to
support the required loads, but should not be overdesigned.
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