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Friction Gear

Small gear Large gear
“Pinion” “Gear”
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Less slip




Gear types (1)

LAWY DILNANINSU W WN %

Spur gears Helical gears Herringbone gears

Helical gears Double helical gears Internal gears



http://www.lotusespritturbo.com/Renault_U
N1 16_Transmission.htm

http://www.vfxtalk.com/forum/engine-room-
vix-gets-gear-radium-dot-t6723.html



Gear types (2)
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Spiral bevel gears
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Gear types (3)
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, Crossed axis helical gears
Hypoid gears

Worm gears Spur rack and pinion



fluid lines steering shaft
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http://www.cdxetextbook.com/steersusp/steer/princ/ra
ckandpinion.html

http://xjbikes.com/Forums/viewtopic/
p=202812.html



Gear tooth nomenclature (1)
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Gear tooth nomenclature (2)

e Circular pitch (CP) =7D/z D = pitch dia.
e Diametral pitch (DP) =12z/D (inch.) Z= number of teeth
e Module (m) =D/z (mm)

em=25.4/DP
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dend.:
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Module and tooth size

odule |- Diametral ] pressure angle [N ALIANNAIIUDBI LGS
For metric Forinch : :
Size gears Size gears | A -
_ lugalden _ Tugalden
lugatiow v lugafiow u
6.35 4 AUAUFDY AUAUFD
0.1 0.15 1.5 1.75
0.2 0.25 2 2.25
>08 ° 0.3 0.35 25 2.75
0.4 0.45 3 3.5
4.93 8 ‘ 0.5 0.55 4 4.5
0.6 0.7 5 55
“ 0.8 0.75 6 7
3.18 8
1 0.9 8 9
1.25 10 11

Module sizes shown are converted
inch sizes



Gear tooth nomenclature (3)

Pressure angle (deg.)
14.5 (FD) | 20 (FD) | 20 (Stub)
Addendum a m m 0.8m
Dedendum b| 1.157m 1.25m m
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|

Tooth height a+b
Working depth a,;+a,
Top diameter D, =D+2a
(Addendum dia.)
Root diameter D.=D-2b
(Dedendum dia.)
Clearance b-a




Gear tooth nomenclature (4)
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Involute Curve
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Pressure angle (1)

0, Line of action ® Line of action (LFWLIING)
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Pressure angle (2)

o, Line of action _
v ’ (Pressure line) Base circle
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Velocity ratio




Contact ratio (1)
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Contact ratio (2)
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Interference (1)

tooth below base circle
is not an involute
interference
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Interference (2)

Interference HA1an1&LAANINYWBRIN
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Pinion : Rack Pinion : Gear (20°, FD)
Tooth form Minimum no. | No. of pinion Max. no. of
of teeth teeth gear teeth
14.5° FD 32 17 1309
20° FD 18 16 101
25°FD 12 15 45
14 26
13 16




Interference (3)
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Interference (4)

tooth below base circle
is not an involute
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Gear ratio & Center distance (1)
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Gear ratio & Center distance (2)

AW IWIUN LB IRL 2 = Dim = 80/3 = 26.6 Wik :> San 27 Wi
UL S LRI R Zgoar =5 X 2,0, =5 X 27 =135 Wik
pinion gear
Dia. PitchD = mxz 81 405
Center distance = (D,j,iontDgear)/2 243 «— (240)
Dia. Addendum = D+2a = D+2m 87 411
Dia. Base = Dxcos(PA) = Dxcos(20°) 76.115 380.58
Addendum = m 3
Dedendum = 1.25m 3.75
Tooth depth = a+b 6.75
Tooth thickness = 7D/2z = 2m/2 4.712




Gear ratio & Center distance (3)

mSuNLTIRLTEY z = D/m = 80/3 = 26.6 Wik > §en 26 o

LRanNINWIBNWaILN 134 Ao :> DATEIBAMNLT = 134/26 = 5.15

pinion gear
Dia. PitchD = mxz 78 402
Center distance = (D,j,ion*tDgear)/2 240
Dia. Addendum = D+2a = D+2m 84 408
Dia. Base = Dxcos(PA) = Dxcos(20°) 73.30 377.76
Addendum =m 3
Dedendum = 1.25m 3.75
Tooth depth = a+b 6.75
Tooth thickness = 7D/2z = 2m/2 4.712




Gear drawing (1)
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ROUNDS AND FILLETS R.ID
CUTTING DATA

NUMBER OF TEETH 30
PITCH DIAMETER 6.000
DIAMETRAL PITCH 5
PRESSURE ANGLE 250
WHOLE DEPTH 431
CHORDAL ADDENDUM 204

CHORDAL THICKNESS .300
CIRCULAR THICKNESS 314
-400

WORKING DEPTH




Gear drawing (2)
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Gear drawing (3)
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Gear train (1)
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Gear train (2)
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Gear train (3)

@@Lﬂa\‘i@n’smi’lzﬁ (Epicyclic gear train, Planetary gear train)

PLANET GEAR, P TRAIN ARM OR
PLANET CARRIER, A

Sun gear

Planet carrier
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* Ring gear



Gear train (4)

qﬂLﬂam’]’JLm’lzﬁ (Epicyclic gear train, Planetary gear train)

TRAIN ARM OR

_PLANET GEAR, P

Z,= 20 - Fixed Input | Planet | Output | Ratio
member | (rpm) | (rpm) | (rpm) | (/@)
Carrier Sun
Ring fi 37
ing fix 9 36 o4 0.375
: Carrier Ring
f .62
Sun fix 9 36 14.4 0.625

Carrier sun Ring
fix 9 27 5.4 1.667

ANNULAR GEAR SUN GEAR, S

OR RING GEAR, R

Z, =100 Z,= 60



Gear train (5)
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http://www.diseno-art.com/encyclopedia/terms/automatic_transmission.html



Gear manufacture

Methods of machining

Form milling : used mostly for large gears. A
milling cutter that has the shape of the tooth

space is used.

Shaping : frequently used for internal gears.

. . : Hobbin
Cutter used reciprocates on a vertical spindle. J

Hobbing : similar process to milling except
that both the workpiece and the cutter rotate

in a coordinated manner.

Casting : used most often to make blanks for VDO

gears which will have cut teeth. Possible to

use to make toothed gears with little or no

machining



Gear quality (1)

Quality in gearing is the precision of the individual gear teeth and the precision with

which two gears rotate in relation to one another.

® Runout
® Tooth-to-tooth spacing

®* Profile

One revolution (3607) of work gear

‘ﬁ_ﬂﬁﬂﬂGDDGQOQOQDOGOQGGGGQQbﬂﬂﬁ)

_~Maximum setup mounting distance

Bl B e ————

Master gear

Maximum
Work gear 5 | _— tooth-to-tooth
Total composile
; P@T?‘J_"mmpmﬂc _,I--__l variation
_L'ha.] variation }
indicator I
f Runout - 1 }
607N —
!'*9-" i _____ '(_ _________________________________
éf ~ Minimum setup mounting distance |.
Schematic diagram of a typical = S —
gear rolling fixture Chart of gear-tooth errors of a typical gear

when run with a specific gear in a rolling

fixture.



Gear quality (2)

® Gear quality is specified by AGMA as quality numbers.
® Quality numbers range from 5 to 15 with increasing precision (AGMA)

® Besides AGMA standard, there are also other standards (JIS, DIN, ISO-similar to DIN)

Selected values for total composite tolerance Table of Gear Precision Grade
AGMA Driametral Number of gear teeth Standard Gear precision Grade
quality pitch. IS B 1702-1976 0 1 2 3 4 5
number Py 20 40 60 100 200 JIS B 1702-1,2:1998 | N4 NS N6 N7 N8 N9
Q5 2 0.0260 0.0200 (0.0320 0.0350 00410 DIN 3962 4 5 6 7 8 9
& 0.0120 0.0130 (0.0140 0.0150 00170 AGMA 390.03(1973)
20 0.0074 0.0080 0.0085 0.0092 00100 Pitch Tolerance i) 12 10 9 8 7
2 0.0060 0.0064 0.0068 0.0073 0.0080 Profile Tolerance 14 12 11 10 9 8
Q8 ; g-gﬁj g-gélg g- &ﬁ g-g{‘;ﬁ g-g{‘:ﬂ Runout Tolerance 13 13 11 10 9 8
a0 0.0027 0.0029 0.0031 0,003 00037 Lol Tolseanon il 10 10 3 8 i
32 00022 00023 0.0025 00027 00020
Q10 2 00048 (0.0054 (0.0050 0.000660 00076
& 00022 00024 00020 0.0028 00032
M 00014 00015 00016 00017 000149
32 00011 00012 00013 00014 00015
Q12 2 0.0025 00028 (0.0030 0.0034 000340
8 0.0011 0.0012 0.0013 0.0014 0.0016
) 0,000 71 0.000 77 0,000 81 0.000 87 0.000 97
32 0.000 57 0.000 60 0.000 64 0.000 69 0.000 76
Q14 3 0.0013 0.0014 0.0015 0.0017 0.0020
8 0.000 57 0.000 62 0.000 67 0.000 73 0.000 82
) 0.000 36 0.000 39 0.000 41 0.000 45 0.000 50
32 0.000 29 0.000 31 0.000 33 0.000 35 0.000 39

Sowree: Extracted from AGMA Standard 2000-ABR, Gear Claiafication and Inspection Handboolk, Tolerances
and Measuring Methods for Unassembled Spur and Helical Gears (ncluding Metric Equivalents ), with the
permission of the publisher, American Gear Manufuclurers Association, 1500 Eing Streel, Suite 201,
Alexandria, VA 22314,



Gear quality (3)

Recommended AGMA quality numbers

Quality Quality
Application number Application number
Cement mixer drum drive i-5 Small power drill -9
Cement kiln 5-0 Clothes washing machine g-10
Steel mill drives 5-0 Printing press 9-11
Grain harvester 5-7 Computing mechani sm 10-11
Cranes 5-7 Automotive transmission 10-11
Punch press 5-7 Radar antenna drive 10-12
Mining conveyor 5-7 Marine propulsion drive 10-12
Paper-box-making machine 08 Adrcraft engine drive 10-13
Gas meter mechanism 19 Gyroscope 12-14
Machine tool drives and drives for other high-gquality mechanical sy stems
Pitch line speed Pitch line speed Pitch line speed:
fpm nality number m/'s
o) Qually o Velocity at the pitch circle
0800 08 04
B00-2000 810 4-11 v
2000-4000 10-12 11=22
Owver 4000 12-14 Over 22

pitch circle



Materials (1)

Steel:

* 1/n@azld medium-carbon steel

* Low surface endurance capacity #84¥i1 Heat treatment (Flame hardening, Induction
hardening, Carburizing, Nitriding)

* MARINIIANNLANWET 61839 surface finish %8931N Heat treatment (Grinding)

Cast iron:
Magn ainazld ASTM grade 20, 30, 40, 50, 60
i surface fatigue strength gﬂﬂ’i’l bending fatigue strength
damaudaniianuniluizg viliidsundunan

v & ' A . . A A =
analgiannaatnily (Ductile or Nodular cast-iron) bNaLRNAINLTILTS



Materials (2)

Nonferrous:
* 1n@azle bronzes

® Bronzes mum‘nﬁ 3% Corrosion resistance, Good wear properties, low friction

coefficients

Nonmetallic:

* 3n¥i1a1n Nylon, plastic

®* Low weight, quiet operation, low friction, good corrosion resistance

® Light load without lubrication L& low thermal conductivity @”@ﬁuﬁwﬁwmﬁm’mﬁ’sg\i
Gadlny cooling

® High coefficients of thermal expansion @044 backlash annniniNadlans
ad 5 1 =)
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