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Rectos: transmiten movimiento de rotacion
entre ejes paralelos

g

Conicos: transmiten movimiento de rotacion
entre ejes que se intersectan

Tipos de Engranajes

HH HH
NN A

Helicoidales: transmiten movimiento de
rotacion entre ejes paralelos y no paralelos

et

Tornillos sinfin: transmiten movimiento de
rotacion entre ejes no paralelos que no se
intersectan

Calculo de Engranajes



Tipos de Engranajes (Cont.)

SPUR GEAR

COMPOUND
SPUR GEAR

| SPUR PINIONS

INTERNAL SPUR GEAR

Calculo de Engranajes



Top land

Face

Addendum
Flank

Tooth
thickness

Dedendum Width of N
Space ;\\\\\\ \fs:\)b
1 e Nk
Clearance Fillet / 77::_§\\
radius _

Dedendum
circle

Clearance
circle

Nomenclatura

Top land = Cresta

Bottom land = Valle

Face = Cara

Flank = Flanco

Addendum = Cabeza

Addendum circle = Circulo de la cabeza
Dedendum = Raiz

Dedendum circle = Circulo de la raiz
Face width = Ancho de la cara
Circular pitch = Paso circular

Pitch circle = Circulo del paso

Tooth thickness = Espesor de dientes
Width of space = Ancho del espacio
Clearance = Claro

Clearance circle = Circulo del claro
Fillet radius = Radio del entalle

Calculo de Engranajes



Sistemas de Dientes Estandarizados

p_N
- d Donde
d P = di |, di lgad
N = — = paso |ametr.a , dientes por pulgada
N N = numero de dientes
d = diametro de paso, in o mm
S wd —m m = médulo
P = N p = paso circular
pP=m

Sistema “Diametral Pitch™. P en [1/in]

1/i
Sistema "Modulo Métrico™ m en [mm] } n]
Relacion ambos sistemas: m = 1/P = 25.4/P
N
[1/mm]

Calculo de Engranajes



Sistemas de Dientes Estandarizados (Cont.)

Sistema “Diametral Pitch”

Diametral Pitch

Coarse 2,24,23,3,4,6,8, 10, 12, 16
Fine 20, 24, 32, 40, 48, 64, 80, 96, 120, 150, 200

Sistema “Mddulo Métrico”

Pieteried Lo 125, 15, 2,25, 5.4 b, 058, 10, 12, 16, 20, 25, 32. 40, 50
Next Choice L1235 1:505;, 175 2 255 2:75; 39549, 59, 1: 95 115 14, 18,
22, 28, 36, 45

Calculo de Engranajes



Sistemas de Dientes Estandarizados (Cont.)

Calculo de Engranajes



Sistemas de Dientes Estandarizados (Cont.)

Cabeza Raiz

Tooth System Pressure Angle ¢, deg Addendum a Dedendum b

Full depth (Diente largo) 20 1/P4 or 1m 1.25/P; or 1.25m
1.35/P; or 1.35m
222 1/P4 or 1m 1.25/P; or 1.25m
1.35/Py or 1.30m
23 1/P; or 1m 1.25/Pj or 1.25m
1.35/P; or 1.35m
Stub (Diente corto) 20 0.8/P4 or 0.8m 1/Py  orlm

Calculo de Engranajes 0



Sistemas de Dientes Estandarizados (Cont.)

e Angulos de presion tipicos f: 20 y 25°

e Angulo de presién antiguo: 14 5 °

e Anchos de cara tipico:

3p<F <5p

T

PZF

3—”<F<5—ﬂ

P P

Calculo de Engranajes
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Accion del Diente

Circulo dela raiz
Circulo base
Circulo de paso

punto de paso:

_ N>

ra V2
Ny

w
mG p— |—w1 p— r
2 1

- ——
/ ° #l ; r .y
o ==x .- angulo de presion
. /,f x‘\ .
= ~
ya 7 . NN
/ " Aﬂgll.l.ﬂd& Aﬂgu.lode \\ \
f ataque salida b \
/4 g
/ / irculo de la cabeza AR
!
/ /,.fj W2 Circulo de paso \\ \
/) Engrane Circulo base \". \ \\
/ (impulsado) Circulo dela raiz .

0,

Calculo de Engranajes
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Relacion de Contacto

qdt = qaq + qr

Arc of Arc of
approach g, recess ¢,

'\ \\
Mg / \
et Addendum
s - S circle
Addendum circle Mg

Pitch circle

....--—-—'—'—---)_
Motion

Lah

Calculo de Engranajes
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Para sistema
diametral pitch

dt = qq T qr
— 4t
mf—p

Relacion de Contacto (Cont.)

Calculo de Engranajes
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Interferencia

Base circle

R
N N

This portion of profile
is not an involute

Driven gear 3

/ Interference is on flank
/ of driver during approach

This portion of profile

is not an involute
w, /

Driving gear 2

Calculo de Engranajes
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Eliminando la Interferencia

“Corona con infinitos dientes”

Para angulo de presion 20°, N >=18 no
existira interferencia

Calculo de Engranajes 15



Numero de Calidad AGMA

Recommended AGMA

Gear Quality Numbers
for Various Applications
—— Small power drill 7-9
Apgscation O Clothes washing
Cement mixer machine 8-10
drum drive 3-5 Printing press 9-11
Cement kiln 56 Cﬂmputlng
Steel mill drives 5-6 mechanism 10-11
Corn picker 5-7 Automotive
Cranes 5 7 transmission 10-11 P o
Punch press 5-7 Precision G T e recision
Mining conveyor  5-7 Marine propulsion
Paper-box drive 10-12
making machine  6-8 Aircraft engine
Gas meter drive 10-13
mechanism 7-9 Gyroscope 12-14

Calculo de Engranajes 16



Numero de Calidad AGMA (Cont.)

Recommended Gear
Quality Numbers versus
Pitch Line Velocity

Pitch Velocity 0,
0-800 fpm 6-8
8002000 fpm  8-10 Precision
2000-4000 fpm  10-12
Over 4000 fpm 1214

1 fpm = 0.00508 m/s
1000 fpm = 5.08 m/s

Calculo de Engranajes
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Numero de Calidad AGMA (Cont.)

Extrusion en frio

Fundicion

Mecanizado en metales
forjados, fundidos o
laminados en caliente

Qv=3a4

— Qv=5a7

Calculo de Engranajes
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Numero de Calidad AGMA (Cont.)

Esmerilado: Qv =8 a 11

Lapeado / honing: Qv > 11

Calculo de Engranajes 19



Trenes de Engranaje

Ns

N3
Valor del tren. Signo " N2 N3 NS n
depende del sentido 6 — = "2
de rotacion del N3 N4 Nﬁ
engrane inicial y\ﬂQa\_I\ product of driving tooth numbers

€ =

~ product of driven tooth numbers

Velocidad del primer

Velocidad del ultimo
engrane > N =€np «<— engrane

20
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Trenes de Engranaje (Cont.)

Reduccion de espacio, vibraciones, ruido:

® Relacion 10 a 1 con un par de engranes

* Relacion 100 a 1, usar dos ruedas en un mismo eje

N0

AN

Calculo de Engranajes 21



Reductores

Calculo de Engranajes
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Reductores (Cont.)

" Eggineeiing Corporation, St. Charles, IL)

Calculo de Engranajes
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Reductores (Cont.)

- Eight-speed tractor transmission (Case IH, Racine, W)

Calculo de Engranajes

24



Esfuerzo de Lewis

Calculo de Engranajes
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Table 14-2

Values of the Lewis
Form Factor Y (These
Values Are for a Normal
Pressure Angle of 20°,
Full-Depth Teeth, and a
Diametral Pitch of Unity
in the Plane of Rotation)

Factor de Forma de Lewis

Number of
Teeth

12
13
14
15
16
17
18
19
20
21
22

24
26

0.245
0.261
0.277
0.290
0.296
0.303
0.309
0.314
0.322
0.328
0.331

0.337
0.346

Number of
Teeth

100
150
300

400
Rack

0.353
0.359
0.371
0.384
0.397
0.409
0.422
0.435
0.447
0.460
0.472

0.480
0.485

Calculo de Engranajes
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Esfuerzo de Flexion Segun AGMA

ancho en [in]

f Py Ky, K
w! KﬂKéN; ”} = (U.S. customary units)
g = A
Ky K
WK, K, K7 HZB (Sl units)
/ \ Modulo métrico [mm]
ancho en [mm]
| ow wtp
eWIS. g = —
FY

Calculo de Engranajes 27



o=W!

K,K;

Py K,Kp

Factor de Carga

F J

Calculo de Engranajes
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a

W'K,

K

Factor Dinamico

Pd KmKB
F J

V in ft/min

_I_

+ 4/200V
) V in m/s

6(1 — B)

B =0.25(12-0,)*°

Calculo de Engranajes
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o= WEK,K,/K;

Figure 14-9

Dynamic factor K. The
equations to these curves are
given by Eq. (14-27) and the
end points by Eq. (14-29).
(ANSIFAGMA 2001-Di4,
Annex A)

Factor Dinamico (Cont.)

Dynamic factor, K,

[A+(Q, =3 ft/min

(V)max = 2
] [A+(folﬁ 3] s
/|
/Qf/ﬂ . / /
p :
s
0,=8
W,
= o
W _
_____..=--"“'___-___“____—_ 0,=11

PFitch-line velocity, V. ft/min

Calculo de Engranajes
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Factor de Tamano

Pd KmKB

o=WK,K,K
0 sF 7

Ancho del diente [in]

/ 0.0535

FV Y
Ky, =1.192 %/_ > 1.0

Factor de Lewis

Paso diametral [dientes/in]

Calculo de Engranajes 31



o= WK,K,K

Centerline of

Factor de Distribucion de Carga

Py

KmKB

F

J

gear face
Centerline of Centerline of
bearing bearing
I I
[
I T e T— S —_—
2 |
|- 5 -

Metodo aplicable cuando:

-Fld<?2
« F < 40 [in]

Calculo de Engranajes
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Factor de Distribucién de Carga (Cont.)

Ky = Cmf =1+ Cms(cpfcpm + CpaCe)

] for uncrowned teeth
Cmc —
0.8 for crowned teeth
F :
— — 0.025 F<1lin
10d
F . .
Cpf: . E—O.OBTS—I—O.OI_SF l < F <171n
F
m —0.1109 + 0.0207F — 0.000 228 F2 17 < F <40 1n

Calculo de Engranajes 33



Factor de Distribucién de Carga (Cont.)

Ky = Cmf =1+ CmE(Cprpm + CpaCe)

pm =

Table 14-9

Empirical Constants
A, B, and C for

Eq. (14-34), Face
Width F in Inches*

Source: ANSI/AGMA
2001-D04.

L

for straddle-mounted pinion with S;/S5 < 0.175
for straddle-mounted pinion with §;/S = 0.175

Cpa=A+ BF +CF?

Condition A B

Open gearing 0.247 0.0167
Commercial, enclosed units 0.127 0.0158
Precision, enclosed units 0.0675 0.0128
Extraprecision enclosed gear units 0.00360 0.0102

*See ANSI/AGMA 2101-D04, pp. 20-22, for SI formulation.

C

—0.765(107%)
—0.930(107%
—0.926(107%)
—0.822(107%

Calculo de Engranajes
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Factor de Distribucion de Carga (Cont.)

Graficamente: Cpo=A+ BF +CF*

0.90

0.80

0.70

0.60

0.50

0.40

0.30

Mesh alignment factor, C,

0.20

0.10

0.0

Figure 14-11

Open gearing

Commercial enclosed gear units

Curve 1

Precision enclosed gear units

Curve 2

Extra precision enclosed gear units

Curve 4

For determination of C,, see Eq. (14-34)

5 10 15 20 25 30 35

Face width, F (in)

Mesh alignment factor C,,,. Curve-fit equations in Table 14-9. (ANSI/AGMA 2001-D04.)

Calculo de Engranajes
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Factor de Distribucién de Carga (Cont.)

K, = Cmf =1+ Cms(cpfcpm + CpaCe)

0.8 for gearing adjusted at assembly, or compatibility
1s improved by lapping, or both

| for all other conditions

Calculo de Engranajes
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Factor de Espesor del Aro

P; K,K
mis B
og=WK,K,K;
F J
24 Form,<1.2 /,,/’"ﬁ
<l
2.2 _ 2.242 \
Kzy=16In { =5 h,
] B
e 2.0
E 18 /%
5
7 >
§ 14l For my 2 1.2 /i_,,/ m—f—ﬁ
2 K.=1.0 B p
S 12t 0 r
£ 4
£ 1.0
Z
AGMA recomienda: mg > 0.5
0 [ I | | | | | L 1 [ |
0.5 0.6 08 1.0 1.2 2 3 4 5 6 7 8 910

Backup ratio, mg

Calculo de Engranajes 37



Factor de Forma J (YJ)

o= WK,K,K

______________ i — Pinion addendum 1.000
E Gear addendum 1.000
==
060 3|2
2 B
____________ 2 g
2 = _'6 - £
= o =
0.55 g > 1000 ¢ g
= 1m =25
B g5 58
5 Ta
050 50 Z2
35 &£
" 25 =l
5 17 2
3 045 L =
e Generating rack 1 pitch
= Number of teeth
[ in mating gear
£ 040
L)
035
030
0.25 Livad applied attip of tooth
020
12 15 17 20 24 30 35 404550 60 B0 125 275 =

Para diente de profundidad completa y angulo de presion 20°

Number of teeth for which geometry factor is desired

0.60

0.50

0.45

0.40

0.30

0.25

0.20

Pﬂ' KmKB

F

J

Calculo de Engranajes
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Esfuerzo de Contacto Segun AGMA

Diametro de paso del pifién en [in]

Cr=1

e

K, C
F,\/WFK K, K\ If (U.S. customary units)

S?I‘j‘p
T Ki 7z
Zp [WIK, K, K SI units
E\/ A :
- ~1/2
= 1—u2] | — 2
Diametro de paso del pifidn [mm] - ( Py "G)
Ep Ec )

(1900 — 2300 psi'’2)
(158 — 191 MPa'’2)

Calculo de Engranajes 39



Factor Geomeétrico a Picadura

cos¢ sing  mg

external gears
2 meg 4+ 1

cos¢ sing  mg

internal gears

2 mg — 1
N dg
mg = — = —
Np dp

Calculo de Engranajes
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Esfuerzos Admisibles Segun AGMA

Kr=1.0para T <250°F (120° C)

S Y
L (U.S. customary units)
Sr KrKp
Oqnl = S, Y
I (SI units)
S YoV,
S¢ ZnCH |
LJ.S. customary units
o Su KrKp { ary )
c.all —
1 5.:' ZHZW ;
SI unit
S, 1Y, (SI units)

Calculo de Engranajes 41



Figure 14-2

Allowable bending stress
number for through-hardened
steels. The SI equations are

St =0.533Hp + 88.3 MPa,
grade 1, and §; =0.703Hg +
113 MPa, grade 2.

(Source: ANSIFAGMA
2001-D04 and 2101-D04.)

Esfuerzo de Flexion Permisible, St

Allowable bending stress number, 5, kpsi

50

40

30

20

Grade 2

S,= 102 Hg + 16 400 psi

Metallurgical and quality

control procedure required

Grade 1
5,=T7.3 Hg + 12 800 psi

10
150

250 300
Brinell hardness, Hg

350

450

Calculo de Engranajes
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Esfuerzo de Contacto Permisible, Sc

Figure 14-5

Contact-fatigue strength S, at
107 cycles and 0.99 reliability
for through-hardened steel
gears. The SI equations are

Se = 2.22Hp + 200 MPa,
grade 1, and

Se =2.41Hp + 237 MPa,
grade 2. (Source: ANSI/AGMA
2001-D04 and 2101-D04.)

¢

Allowable contact stress number, §

1000 Ib/in>

—
|
th

150

Metallurgical and quality control procedures required

Grade 2
5. =349 H, + 34 300psi

Grade 1
§_=322 Hy + 29 100psi

200 250 300 350 400

Brinell hardness, Hy

450

Calculo de Engranajes
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Factor de Confiabilidad

Table 14-10 Reliability Kg (Yz)
Reliability Factors Kg (Y7) 0.9999 1.50
Source: ANSI/AGMA 0.999 1.25
2001-D04. 0.99 1.00
0.90 0.85
0.50 0.70

Calculo de Engranajes 44



Figure 14-12

Hardness-ratio factor Cgy
(through-hardened steel).
(ANSI/AGMA 2001-D04. )

Se usa solo para la corona

Hardness-ratio factor, Cy

1.08

1.02

Relacion de Dureza

1.7
1.6
1.5
1.4
13
1.2

When

H

—BF <12,

BG

Use Cpy =1

4 6 8 10 12 14 16 18 20

Single reduction gear ratio m;

o Ty ] e i . I Hgp
Caleulated hardness-ratio,
1 pg

Calculo de Engranajes
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Factor de Ciclaje YN

i - 5.0 : —
Figure 14-14 NOTE: The choice of ¥y in the shaded
F A4S r— 0148 area is influenced by:
Repeatedly applied bending 40 400 HBE Yy=94518 N
strength stress-cycle factor Y. e 1sqq p—01102 Pitchline velocity
Y . 30 Yy=61514 N Gear material cleanliness

(ANSIFAGMA 2001-D04. ) Residual stress

N

= Material ductility and fracture toughness
2.0

g ¥y=3.517 N~ 00817

o

2 0.0178

¥ Yy=1.3558 N° "

!

“ 1.0 / 1.0
0.9 0.9
0.8 0.8
0.7 Yy=1683IN""PE g g
0.6 0.6
0.5 - 0.5

10° 10° 10* 10° 10° 10’ 10 10° 10"

Number of load cycles, N

Calculo de Engranajes 40



Figure 14-15

Pitting resistance stress-cycle
factor Zy. (ANSIAGMA
2001-D04. )

Stress-cyele factor, 2y,

Factor de Ciclaje ZN

7y — 2866 N1

-——

Nitrided
Zy=1.249 00138

—"'—/ﬁ—.____,__.__

NOTE: The choice of Z,, in the shaded
zone is influenced by:

Lubrication regime

Failure criteria

Smoothness of operation required
Pitchline velocity

Gear material cleanliness
Material ductility and fracture toughness
Residual stress

Zy= 1.4488 N~00B

10°

iy 10° 10°

107 10% 10° 10"

Number of load cycles, N

Calculo de Engranajes
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Factores de Seguridad

S S5 Yy /(KyrKyp)  fully corrected bending strength
_.i'.' j— p—

o bending stress

_ 8:ZnCyx /(K7 Kpg)  fully corrected contact strength

Sy
o, contact stress

Factor de seguridad:

Comparar Sy con S% o S%

/!

Dientes no coronados Dientes coronados

Calculo de Engranajes
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