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rational use of the addendum modification coeffi-

cient is one of the topics better known by spe-

cialists of gears working in the metric system

(ISO). This non-dimensional parameter, also

well-known as rack shift coefficient x, allows gear
designs with very good adaptability of the teeth profile in practi-
cal applications.

Unfortunately, the gear specialists with designs based on the
AGMA system traditionally don’t appreciate the advantages of the
addendum modification coefficient as an adjustment factor
between ISO and AGMA systems. The publications of specialists
[McVittie (1993), Rockwell (2001)] directed toward disclosing the
generalities of the geometry calculation of gears with the applica-
tion of this coefficient are welcome for experts.

The Working Group WG5S, under the direction of Henry Deby, approved
in 1981 a Technical Report ISO (ISO/TR 4467) with orientations about
the value limits and distribution of the addendum maodification of the
teeth of external parallel-axis cylindrical involute gears for speed-reducing
and speed-increasing external gear pairs. Although the recommendations
were not of a restrictive nature, a general guide was finally published on
the application of the addendum modification coefficient. These recom-
mendations were important in order to avoid an incorrect use of this
coefficient and to prevent designs of gears with very small tooth crest

Tooth Profile Reference with No Addendum
Modification on Gylindrical Gears

The usable flanks in the basic rack tooth profile are inclined at
the profile angle a to a line normal to the datum line. This angle is
the same as the pressure angle “a” at the reference cylinder of a
spur gear or the normal pressure angle “o,,” at the reference cylin-
der of a helical gear. The relation between pith of the basic rack
tooth profile “p” and module “m” (in mm) is: p=T e m

The dimensions of the standard basic rack tooth profile are
given in relation to module and identified by *, such as ha* (factor
of addendum), hf* (factor of dedendum), c* (factor of radial clear-
ance), and pg* (factor of root fillet radius). The module m of the
standard basic rack tooth profile is the module in the normal sec-
tion m, of the gear teeth. For a helical gear with helix angle B on
the reference cylinder, the transverse module in a transverse sec-
tion is my = mp,/cosP. For a spur gear 3 = O the module is m = m,
= my. As a reference parameter, the module m in ISO standards is
similar to the normal diametral pitch Pnd in AGMA standards and
can be converted by the following equation:

Most special standards for basic rack tooth profile—including
ISO Standard 57-74—recommend for industrial gears with general

Addendum Modification on Gylindrical Gears



FIGURE 1 Cutting a gear by means of generation methods and a rack-
shaped tool. In this case, generated tooth profile with severe cutter inter-
ference. This case is very typical in gears with a small number of teeth
without adequate addendum modification.

)

FIGURE 2 Profiles conjugation between rack shaped tool (1) and gear (2).
Line MM is identified as the datum line.

The main parameter to evaluate the addendum modification is
the addendum modification coefficient x, also know by Americans
as the “profile shift factor,” or the “rack shift coefficient.” The
addendum modification coefficient quantifies the relationship
between distance from the datum line on the tool to the reference
diameter of gear Agp (radial displacement of the tool) and module
m. This coefficient is defined for pinion x4 and gear xo as:

Xg = Dabs2
m and m

The addendum modification coefficient is positive if the datum
line of the tool is displaced from the reference diameter toward the
crest of the teeth (the tool goes away from the center of the gear),
and it is negative if the datum line is displaced toward the root of
the teeth (the tool goes toward the center of gear). To consider the
effect of addendum modifications for a gear pair it is a good prac-
tice to define the sum of addendum modification coefficients as:

2X = Xq + Xo

The manufacturing of the gear with addendum modification is
not more complex or expensive than gears without profile shift,
because the gears are manufactured in the same cutting machines
and depend solely on the relative position of the gear to be cut
and the cutter. The difference can be evident in the blanks with dif-
ferent diameters and tooth profiles on gears.

A positive addendum modification (x > 0) results in a greater
tooth root width and, thus, in an increase in the tooth root carrying
capacity; more effective in the case of small numbers of teeth
than in the case of larger ones, including the possibility of avoiding
or reducing undercutting on the pinion. Additionally, an increase of
the addendum modification coefficient results in a decrease in
the tip thickness of the teeth. A negative addendum modification
(x < 0) has the reverse effect of positive addendum modification
on tip and root thickness.

The choice of the sum of addendum modifications could be arbi-
trary and depends on the center distance or the operational condi-
tions applied. Sums that are too high for positive values, or too low
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for negative values, may be harmful to the satisfactory performance
of the gear pair. For this reason upper and lower limits are specified
in the function of the number of teeth (or the virtual number of
teeth for helical gears). In figure 5, recommendations for limits of
sum of addendum maodification coefficients are given. For a sum of
addendum modification coefficients Zx with a correct distribution of
values between a pinion and gear, it is possible in a gear pair to
realize favorable effects in the ability to balance the bending fatigue
life, pitting resistance, or minimizes the risk of scuffing.

For a given center distance and gear ratio, the assembly of the
gears can be adjusted with a convenient calculating of the adden-
dum modifications. There are different criteria for distributing and
applying the addendum modification coefficient depending on the
effect required in the gear transmission.

¢ Addendum modification coefficient for gears with a small num-
ber of teeth to avoid undercutting on the pinion.

Z ® sen’d

X 2 ha* - —————
2 e cos®B

¢ Total addendum modification coefficient.
If 0<xy<0,5 then xg =xs y x0=0
If -05<x3<0 then x{ =0 y Xo=Xxs5

¢ Value of addendum modification coefficient inversely propor-
tional to the number of teeth.

Xs ® 25
Z1 + 2

If 0<xy<0,8 then x4 =
22
If -0,82x3<0 then x; =xy ®1-|——r
71 + 2y

¢ Value of addendum modification coefficient according to MAAG:

x1=0y5.xz+|:A_(X1;X2 )] lggyz
|og(71 2]

100
Where:
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TABLE 1 Conversion of values of module m and normal diametral pitch Pnd. Note: Values in bold are preferred.

m 1 1,058 |1,25 (1,270 (1,411 | 1,5 |1,587|1,814| 2 |2,116| 2,5 |2,540| 3 |3,175| 4
Pnd 12540 24 (2032| 20 18 |16,93| 16 14 (12,70 | 12 |10,16 | 10 (8,466 | 8 6,350

m 4233 5§ |508| 6 (6350 8 |8466| 10 |10,16 | 12 | 12,7 | 16 [16,93 | 20 |2540
Pnd 6 (5080 5 4233 4 |3,175| 3 |2,540| 2,5 |2,116| 2 |1,587| 1,5 |1,277| 1

TABLE 2 Some standard values of basic rack tooth profile parameters.

o ha‘ ¢ pr Standard of acceptation
20,0° 1,00 0,25 0,250 ISO 57-74
20,0° 1,00 0,25 0,300 AGMA 201.02-68

20,0° 1,00 0,25 0375 |JISB 1701-72
20,0° 1,00 0,25 0,400 | GOST 13755-68
25,0° 1,00 0,25 0318 | AGMA 201.02-68
14,5° 1,00 0,157 0,470 | AGMA 201.02-68

A = 0,50 in case of a = 20,0°
A = 0,38 in case of a = 22,5°
A = 0,23 in case of a = 25,0°

The basic geometry of the external parallel-axis cylindrical invo-
lute gears, taking into account the addendum modification coeffi-
cients that can be calculated with the formulas found in table 3.

aample Practical Gases

To illustrate the application of the addendum modification coeffi-
cient in the solution of practical problems in the adjusting gears
from the AGMA system to ISO standards, two samples of practical
cases are shown. These cases cover the most frequent geometri-
cal problems faced by gear experts during the conversion to the
ISO Standard of helical and spur gears manufactured with AGMA
standards. Cases with spur gear are more difficult to adjust due to
the fact that the helix angle is fixed and can’t be modified. Other
cases can be taken into account by a similar approach.

Case 1: Setting gears from AGMA to ISO with determination of the
sum of addendum modification coefficients for a given center dis-
tance and gear ratio.

e Statement of the problem—In the gearbox of the power
transmission system of a heavy truck it was necessary to
recover a spur gear transmission cut originally with tools
based on AGMA standards. For the new manufacture cutting
tools based on ISO standards should be used. The basic
solution is as follows:

e Initial data
Center distance; ay, = 203,2 mm (8 inch).
Gear ration (approximate), u = 4,13
Normal diametral pitch (original), Pd = 4
Pressure angle for the rack shaped tool, a = 20°

FIGURE 3 Normal position without addendum modification of the rack-
shaped tool and gear when cutting is completed. The reference diameter
of the gear is tangent to the datum line on basic rack tooth profile.

® Basic solution

a) Proposal of module (ISO).

me 254 =25,4 -635
Pd 4

Standard module by ISO 54-77, m = 6 (mm)

b) Transverse pressure angle:
n n20° o
o, =tan™ tano | oy 18n20%)_ o
cosP cos0°

¢) Number of teeth for pinion and gear.
2= 2-a, _ 2.203,2 ~13.2
m-(1+u) 6-(+4,13)
2=13; z,=2-u=13-4,13=53,69 =53

Approximation is preferable by defect.

d) Pressure angle at the pitch cylinder.

3 1[ m-z,-(1+u)-cos octJ

o, =Cos
" 2-a,

o, cos™ 6-13-(1+4,13)-c0s 20 _23.70°
2.203,2

e) Sum of addendum modification coefficients.
inva., = tan(o.,) —a.,
invo., = tan(20°) - 20° n /180°=0,01490
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FIGURE 4 Different positions of the datum line of the tool (MM) in relation to the reference diameter of the gear “d” when the generation has finished.
a) Gear generated without addendum modification: x = O; b) Gear generated with negative addendum modification: x< O; ¢) Gear generated with positive

addendum modification: x > 0.

invo.,, = tan(o,,) o,
inve.,, =tan(23,70°) - 23,70° -t /180° = 0,02532

_(invar,, —inver,)
T 2-tano (@ +2)

0,02532-0,01490
= (002532-0,01490) (13+53)=0,9447
2-tan20°
f) Addendum modification coefficients for pinion and gear (sever-
al criterions to distribute the coefficients can be used, but always
keep the calculated sum).

z

xq = 0,482
X = 0,463

g) Other geometrical parameters.
Tip diameters:  dgq = 94,84 mm ; dgp = 334,62 mm
Root diameters: dgq = 68,78 mm ; dfp = 308,56 mm

Case 2: Setting gears from AGMA to ISO with determination of the sum
of addendum modification coefficients for a given center distance,

Model No. SHG-360 OKOMOTO

AUTOMATIC GEAR GRINDER
MAX./MIN. DIAMETER 14°-1", MAX FACE-WIDTH 8", MAX./MIN. DP 5-22,
MAX./MIN. NO. TEETH GROUND 130-12, HELIX ANGLE +/- 45-DEGREES,

HYDRO-MECHANICAL CROWNING, COOLANT PUMP, TANK, CHANGE GEARS MISC,
MANDRELS. MODEL NO. SHG-400 ALSO AVAILABLE.

MACHINE TOOL RETROFITS | NEW AND USED EQUIPMENT
CNC Machinery Sales, Inc.

2430 EAST MONROE, PHOENIX, AZ 85034

PHONE 602/244-1507 » FAX 602/244-1567
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HIGH PRECISION
HIGH SPEED DIAMOND BROACHING

NEW PRODUCTS!
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ACCU-CUT Diamond Tool — an American company noted for high quality and innovative
diamond products, started as a manufacturer of diamond bore finishing tools used by
automotive, trucking, agricultural, aerospace, medical and many other industries.

Our research has produced products
for high volume manufacturers that

have a strict SPC requirement. As a + Rapid cycle of 20-45 seconds

« High stock removal
«Long tool life - over 25,000 parts
+Cp:20

« Fine surface finish

« Improved product geometry

« Lower cost per part

« FAST TOOL TURNAROUND
+NEWTOOLS @ 2 WEEKS

+ RECOATED TOOLS @ 1 WEEK

MACHINE BENEFITS:

« Automatic cycle
« Automatic stock sensing

« Automatic load & unload

« Automatic tool pulse for heavy

stock removal

«Window-based control system
«Touch screen display
ACCUBROACH  «Non-problematic assembly
LOOKING FOR GREAT

FORM, SIZE & SHAPE?

leadier in ts field, ACCU-CUT Diamond
Tool evolves as an international
supplier of state-of-the-art machine
and diamond tool products.

E.‘ TOOL BENEFITS:
§

ACCU-CUT continues its product
market development while maintaining
acompany philosophy of providing
high-quality, cost-effective products
and services to its customers.
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keeping the same number of teeth and gear
generation using a cutting tool with a smaller
pressure angle than the original.

e Statement of the problem—In the
final drive of earth-moving equipment
it was necessary to manufacture a
pair of spur gears originally manufac-
tured under AGMA standards. Gear
generation should be done by means
of a cutting tool based on the ISO sys-
tem and a pressure angle of 20°. The
operator of the hobbing machine pro-
ceeded to cut the gears and observed
an undercutting on the pinion not
present in the original. During the
study of the original pinion it was
established that the original genera-
tion of the gear was made with a cut-
ting tool with a 25° pressure angle.
The challenge in the new design sup-
posed engineering calculations with a
cutting tool with a 20° pressure angle
to guarantee the original center dis-
tance and number of teeth without
undercutting on the pinion. The basic
solution is as follows:

Initial data

Center distance, ay,, = 11 inch

(279,4 mm)

Number of teeth on pinion, zq = 14
Number of teeth on gear, zp = 41
Module in new design of gear, m = 10
Normal diametral pitch in original gear,
Pd =25

Pressure angle for cutting tool (original),
o =25°

Pressure angle for cutting tool (new),
a = 20°

Factor of addendum, ha* =1

e Basic solution

a) Proposal of module (ISO).
254 254
T Pd 25

Standard module by ISO 54-77, m = 10 (mm)

=10,16
b) Transverse pressure angle:

o, =tan™ tano =tan* tan20 =20°
cosp cos0°

c) Pressure angle at the pitch cylinder.

(m-z,-(@+u)-cosa,
a=cost| AT TP
2.a,

7j[10~14.(1+(4%4) +€0820°
o, =cost| ——~==2

o

=22,33
2.279,4

d) Sum of addendum modification
coefficients.

inva., =tan(o.,) —o,

invo,, = tan(20°) — 20°- n /180°= 0,01490

% _(0,02101-0,01490) (14+41)= 0,462
2-tan20°

e) Addendum modification coefficient

for pinion to avoid undercutting
invo.,, =tan(o.,,) -0,

2
invo.,, = tan(22,33°) - 22,33.1/180° = 0,02101 x, > h, -2 Sen«
° 2.cos3B
=(mvocwr—mvoct)_(z +2) 12. sen?20°
b 1 2 X, 21-————=0,298
2-tana 2.cos’0°

The Gear Set has a profound impact
on your geared application’s performance
and perceiveé value...
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So the first thing to consider when selecting a gear supplier is —
What product reputation does your company want in the marketplace?

The lowest-priced gear set also tends to be your best solution only when...

* Noisier products are acceptable to you and your customers

« Shorter life cycles and possible early failures are bearable

* Higher product rebuild and return rates are financially justifiable

* In-house resources are available to promptly analyze and solve
gear-related quality problems as they occur

« Distributors tolerate delays and shortages because your supply
chain is not dependable.

“My experience with Nissei has
been very satisfactory. When we
had a problem with a spiral
bevel gear set, they responded
quickly. With their help, we
found that the problem compo-
nent was our angle head and
not the gears from Nissei. Their
commitment to customer sup-
port allowed us to resume pro-
duction in a timely manner.”

— Design Engineer, a 30+ year
Nissei customer

Many market-leading manufacturers have discovered the real cost of
supplied gearing comes into effect AFTER the supplier’s invoice has
been paid. The lowest-priced gear set usually comes with no “frills”!
You're on your own to figure out why there might be problems...
and to prove it to the supplier to get restitution.

Many times a problem with a gear set has nothing to do with the gears themselves. A capable gear supplier
is adept at more than just making gears. He must also understand how the gears will react to a multitude
of variables in your gear application. Another key point to consider is how much control does the supplier
have over the entire process? That's especially true if the heat treating is outsourced.

* Worms/Worm Wheels * Zerol Bevels
* Spur Gears  Hypoids/Super Reduction Hypoids
¢ Helical Gears ¢ Ground Gears

« Spiral and Straight Bevels * Armature/Motor Shafts

For expert assistance with:

Nissei
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Nissei Corporation of America www.Nissei-USA.com
1200 Woodruff Rd., A-15 * Greenville, SC 29607

Tel: 864.289.9710 * Fax: 864.289.9711 « RBeach@Nissei-USA.com
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FIGURE 5 Conventional and recommended limits for the sum of the
addendum modifications and zones for special cases, according to ISO/TR
4467-1982. In the graphic, Zz, is the sum of virtual number of teeth.

f) Addendum modification coefficients for gear.
xq = 0,462 > 0,298
Xp =Xy -Xq = 0,462 - 0,462 =0

g) Other geometrical parameters.
Tip diameters:  dgq = 168,8 mm ; dgo = 429,56 mm

Root diameters: dgq = 124,24 mm ; dgp = 385,0 mm

Based on experiences in the analysis, recovery, and conversion
of helical and spur gears in the AGMA system to ISO standards,
the main definitions and recommendations associated to the
addendum modification coefficient have been presented.
Examples with the application of the addendum modification
coefficient in the solution to practical problems in relation to
the geometry and manufacture of gears shows the application
of the addendum modification coefficient as an adjustment fac-
tor between ISO and AGMA systems. Moreover, the calculation
utilized in the two practical cases and formulae relating to
basic gear geometry given in table 3 can be taken as a base
for solution in similar cases of geometrical conversion from the
AGMA to the ISO system.
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® |SO 53:1998, Cylindrical gears

Equation

for general and heavy engineer- Reference diameter

d=m-z/cosP

ing. Standard basic rack tooth
profile.

Root diameter

d¢ :d—2»m-(ha*+c*—x)

e MAAG Gear Corp., “MAAG Gear

Tip diameter
Book.” Zurich. 1990.

*

da,, =2-ay -df,, -2:c -m

a2

e Gonzalez Rey, G. Apuntes para Base diameter

dp =d-cosoy

el célculo de engranajes cilindri-
cos segin Normas ISO del
Comité Técnico 60. EUP de

Zamora. Universidad de
Salamanca. 2001

Transverse pressure angle ~1( tano

oy =tan

cosf

Tooth-root chord (thickness) at reference T
cylinder Sp=m- E+2~x-tanoc
Pressure angle at the pitch cylinder 71[ dy - (u+1)-cos oy }

Oyt =COS | ——F———

2-ay

Sum of addendum modification coefficients Gnvawt - inv(xt)

Xz =X +Xg =t (21 +27)

2 -tano
Where: invo, = tan(o,)— o, and

inva,, = tan(o,,,) - o

wt

TABLE 3 Formulae relating to basic gear geometry.
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