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Calculating SAP and TIF
lOan Thunnan

Calcull1jng Transverse Pressure Angle

~l ;;;;alan ( tan (41.) )
cos (1jI)

Q&A is your interactive gear forum. Send IUS your 'gBar
design. manufacturing, inspec1ion or other related ,ques-
lion •• and we'll IPut them before our panel of Bxpens.
OuBStionl may be mailed to Gear Technology, P.Q1.IBox1421t
Elk Grove Village, IL 60009, USA. faxed to (841~ 437.:&618 or
lInt electronically to paople@geanechnology.com. An
expanded version 01 D&A is also availa'b'la online at
www.gI8nachnology.com.
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Calculating Base ICircle Diarnetillof Gear

Db = [ N' cos (.,) ]
p.' eos !1jI)

Question submitled by ,G. Lueck
Dalton Gear Co., Minneapolis, MN (3)

Q: Me there any simpler formulae for SAP: ,& T.I.F.? Are
there any not involving the matin:g part?

Calculating Base Circle Diamater 01 Mating IGlla,

D = [ ",OCOS ('II,) ]
I>m p." cos (1jI)

(4)

Answer submitted by Dan Thurmall
Calculating Pressure An,le ItODIID ,of IGlIar if

Mating Gear OOIlD' is GinnA: Stan of Active Profile (SAP) is defined as, the lowest point
on the gear tooth where contact with the mating gear tooth lip
can occur. On gears withmn tooth tip chamfers, it will be deter-
mined by the maximum. outside diameter of the mating gear. It
is u ually expres ed in degrees of roll above the base diameter,
There i a diameter called the fonn diameter (O'r). associated
with this roll angle, which can 'be calculated.

True Involute Form diameter (T[F) i defined being the
point on th gear tooth where tile involute form must begin. It i .
not aeee arily the arne diameter as '!he fonn diameter deter-
mined by the SAP. For example, it i possible for a SAP [0 occur
in an undercut area, but the TIP diameter to be at ahigber point
on the tooth profile,

SAP is dependent on the mating gear outside diameter and
I,he operating center distance.

Figure ] contains the equations for calculating SAP. Form

Diameters, and mating ge<lJout ide di.ameters. Any combination

4'om = acos (",""",,:[I=-hm:..;;.;...._ )
D"",

(5)

Calculating SAP if Fonn Diameter is Gi,ven
I Drz

~ - -.--1
AP= 180· Df (6)

Calculating Pressure Angle ,at OOIlOI of Matin, Gelf if SAP is Giv80
S'P ]180_ [ IN + N.J • WI 1«1 It· N •

$om - alan N•
ICalculating Start of Activel Profile

SAP= [80' (+ Nml' tan (I\l:l'm • Urn ($,,,,,1
n'N

Calculating OOIlD of Mating Gltar
I) = [Ibm I}

0111 COs ('11
0m

) ( )

Terms ,and IDefinitions
INumber of teeth in geaf (specify as minus if an in~emal gearl'
Number of teeth illl mate '[specify as minus if an internal gear)'
Normal diametral pitch
Outside' diameter of gear (inside dia. if gea:f is internaU
Outside, diameter of mate '(inside dia. if mata is internal)
Base circle diameter of gear
Base' circle diameter ·of mate
Form diameter
Outside diameter/Inside diameter
Sta 11of a ctille prolil e·
True invol'ute lorm
Profile conta et ra,tio
Norma,ll pressura angle
Transverse pressure- angle·
Ope rati ng tra nsve rse pressu re a n9 Ie
Helix angh~ I[zero if spur gearl'
Roll angle at gear OD/m
Roll alngls at matingi gear 00/10

Calculating IFonnDillmeter at SAP of Gor
I) _ Db (II)

I - cos (Or)

Cal'culatirtgl ~reSSUtre Angle ,.t OOIlDI of Gear

$0 = aco (~: ) (12)

ICalcuhron, Roll Angle at DOnO of Gear
a

u
= IIlO.. tan (qJg) (13J

It

ICalculating Profile Contact Ratio
18'"- SAPI • I I , 14)

me = 360 \

• INole: quantities ellclosedl in I1ll1il:ll 1111'1lue absolutl II 11111.

fig. t - EqlnioDR.
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kustempered Ductile Iron {ADO
outperforms steel as demonstrated fnthese

i road test results on h}POidgears:
Hypoid Gears: ADI vs, SteelSwitching from steel

to Austempered
Ductile Iron (ADI)
will also add these

I

benefits:
• Cast to nearer net

I shape and reduced
; machinlngccst
• Lighter weight
• Lower overall cost

Applied Process, Inc.
is the world leader in
austemperi ng. Call
today or visit our
website 10 Jearn how
Austempering can make
your parts quieter.

1000 2000 3000
R.P.M. (road test)

*Livonia. MJ ·Oshkosh, WI Elizabethtown, t.."Y
Melboume,Australia Birmingham, England

Ph: (]34) 464-2030 Ex. 31 Fax: (734) 464-6314
Email: ikeough@applieciprooess.com

web: \\i'\\I'\v.appliedprocess.com
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___ ~ LIMIT DIAMETER
__ - =. - ....-. PROFILE CONTROL DIAMETER

~_.;::: -----. fORM DIAMETER {

L-_- - - BASE DIAMETER .

[UNDERCUT lOOTHI ~'.

lJ;ig.2 - Start of ActivlI Pfofilllllnd F.orm Diameter.'

of SAP, Form Diameter or mating gear outside diameter may be
given. (Note: Use negative number to specify number of teeth
on internal gears.)

Extended Example
The following example uses the formulas presented above

and a sample gear set ( ee Fig. 3 for sample specifications) to
calculate SAP.

Using formula (0, we can calculate the 'transverse pressure
angle based all the values given for normal pressure angle and
helix angle in the example:

$( = alan (
tan (IPn) )cos (,,)

<PI =- atan (
tan (20) )cos (0)

41, = 20 deg

From this, we can calculate the operating tran ver e pressure
angle using formula (2) and the given values for the center dis-
tance, the normal diametral pitch, the helix angle and the num-
ber of teeth in gear and mate:

'$1'= acos [' (N + N",) • c_o......:s(:..:..:$[.:.....)---]1
(2' CD• P, ooos('!'})

$'= aeos [(21 + 18) • cos (20) ]
I (207.791502.64 • cos (0)

$,'= 27.0221166 deg

N=21
Nm=18
CD=7.7915
PI'I=2.64
$1'1=20degrees
\jI=O degrees {spur gearl°0",9.177

DDIlI=8.159

Fig. 3 - Sample Gear Set for Extended! Ex.ample'.
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We will al 0 need the base cirel diameter of the mating
gear, which call be determined using formula (4):

cos~¢lJ
Dbm = Nm• ----,P"",g-.-c--o--s-i("""':..-)--

co (20)
Dbm = [8 ,. -"2~.64:-::--"-co-"-:(:;::;;O);---

Dbm = 6.4009951

Finally, we'll use formula (5) to calculate the pressure angle
at the OD of the mating gear based on the given outside diameter:

''110m = acos

¢lorn = acos (6.~~~,51 )

'!\10m = 38.2546016

Using the calculated and given values, we can :nowcalculate
SAP using formula (8):

[
(N + Nm) • tan ('¢ll)- Nm • tan (¢10m) ]SAP = [80·

1t. N

SAP = 180' [(21 + IS)· tan (27.0221166) -18·' IaIl (3S.2546016) .]
, 'I'[ '. 21

SAP = 15.55 deg

The ca'lcuJated SAP is given in degrees of roll above the
base circle diameter. It can be converted to a corre ponding
form diameter (Dr) as follows:

~ = 7.4748277,...------
(1to ~: r +]

Dr= 7.745]

Many limes we wUi be starting with an existing gear where
we already know the form diameter (Dr) 01" the corresponding
roll angle (8r) where the involute begins"and we want to find the
outside diameter of the mating gear which win reach that point
OIl the involute. III that case, the following equations apply:

Given Ilte Fonn Diameter (Dr) from me example above:

Dr = 7.7451

J(DF'- D\,~)
SAP ;:; ISO • - --;=;:,----

1t. Db

SAP", 1.5.5S
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Prooess, Gear, a.leader In the' manufacture of custom gears,
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[
(N + Nm) • tan (tll;) - 7t • N· ~~6 ]1

Qlom:= atan _---Nm------=...::~ I

'tllom "" 38.2546462 deg

Dom:; 8..159
By definjtion, calculation of start of active profile requires

knowledge ofthe mating gear. However, it is possible to calcu-
late SAP without knowing anythJngaooualhe matin,g gear
except for the profile contact ratio.

00
2 - Db2

eb = ]80· ----=---
1[0 Db

eo = 40.8088321 degrees roll. angle at outside diameter of gear

me:; 1.4736 (Contact Ratio Between Gear and Mate)

360 • IIIc
N

SAP:: 15.55 degrees

His sometimes helpful '10 be able to calculate the corre-
sponding roll angle (8:mJon a mating gear. given a known roll

For example, from our original external

SAP = 15.55 degrees

(N + N ). tan ("'" - 1t •. N.. SAPm ~ 'I'll . .~ 1.80

e~m=45.175 degrees

Any roll angle can be converted to a diameter according to
the following relationship:

For more information about SAP and TlF, see ANSVAGMA
I ] 15.0] Basic Gear Geometry and ANSUAGMA 1O[2·F90

Gear Nomenclature, Definitiofl.J ofTenns with Symbols. 0
Refen:nces
I. Fig. 2 extracted from ANSfJAGMA 1012·F90, Gear
Nomenclature, Definilions of Terms wirh Symbols, with the penni-
ion of the publisher, American Gear Manufacturers Association.
1500 K~g Street ..Suite 201, Alexandria ..Virginia 22314.
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