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Dear customers and potential customers,

the newly structured catalogue “LMT Fette Gear Cutting — Tools
and Knowledge™ consistently pursues the new LMT catalogue
concept.

We have been producing cutting tools for gear production

for decades already. We have brought innovative developments
to serial production status to meet the ever increasing require-
ments. Today, we offer the widest tool range for gear cutting

in the market to cur customers. The product range includaes
small-module and large-module tools for roughing and finishing
of gears.

This gear cutting catalog is to serve you as a product guide for
the selection of the optimum teol for your application. The newly
structured selection criteria, clear symbols and application rec-
ommendations will support you in this.

We have also placed great emphasis on the Technical Appendix
to provide you with comprehensive information about using our
tools.

We look forward to a productive cooperation

Your team for gear cutting
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LMT Belin is based in Lavancia, France, and specializes onh
precision tools for the machining of plastics, light metals and
composite materials. LMT Belin has been part of the Group
since 2001 and together with LMT Onsrud forms the Group’s
compsetence center for the machining of composites.
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LMT Kieninger has established a global reputation as a
specialist manufacturer of specialized tools for challenging
machining applications. As a competence center for die and
mould making and component machining, the automobile and
automotive supplisr industries are a key area.
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LMT Tools combines the competences of leading specialists in
the field of precision tool technology. This pocled expertise
enables LMT Tools to develop and deliver tool solutions
world—wide for processing materials ranging from high—strength
steal to composite materials.

More than 1,200 employees and a network of specialized
partners enable the company to offer its customers worldwide a
comprehensive range of tools, cutting materials and services for
the most diverse cutting and non—cutting applications as well as
various services in the fields of tool reconditioning and tool
management.

LMT Tools is based in Oberkochen,Germany. The company
group encompasses the manufacturing companies LMT Belin,
LMT Fette, LMT Kieninger and LMT Onsmud, production and
sarvice facllities and a globally operating sales organization.
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LMT Fette is based in Schwarzenbek near Hamburg, Germany,
and is one of the world’s leading manufacturers of precision
milling tools, gear hobs, thread rolling systems and taps. LMT
Fette was a founding member of LMT when it was established in
1893 and is the Group's compsatence centar for applications in
the fislds of milling and thread cutting and rolling.
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LMT Onsrud specializes in tools for the high-speed machining
of aluminium, plastics and composite materials. LMT Onsrud
and LMT Belin together form the competence center for the
machining of composites within the Group.

www.Imt-tools.com 3
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The new cutting material = in a class of its own

EM TR ERD TEAFTERAEASE, MnREERE
SERESY, SPMA14AREERANITELERPEEI0%Y
HEE. EFRENREGFRATRD THIENE, ZELEH
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SPEEDCORE'/// ||

HEEE Wear resistance

PERE & = Performance/productivity
PIBI A AT SR {E Process reliability

SPEEDCORE'///

SpeedCore is 8 newly developed substrate for hobs. The in-
creased hot hardness of the intermetallic cutting material allows
for cutting speeds of at least 30 % higher compared with HSS-
PM4/14 habs, resulting in shorter production times without sac-
rificing tool live and occmplies with the demand of customers for
easy handling and easier recyeling. Combining the new Speed-
Core substrate with a custom coating achieves top performance
with easy implementation and high reliability.

Advantages
m improved productivity of up to 70 %
B Process reliability (like HSS-PM)
B Easy to implement
also on older or unstable machines
® Regrinding and coating possible without problems

HSS-PM SpeedCore
W ErE

Increase In productivity

HES-PM SpeedCore

BeERL &
Reduction of costs

S0 F B A WA AE - www.imt-tools.de, watched us on YouTube

SpeedGore application see www.Imt-tools.de, watched us on YouTube

4 www.Imt-tools.com
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Hobs for producing straight- and helical-tooth spur gears with involute flanks
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The fundamental geometrical concepts of a spur gear hob for
generating gears with involute flanks are laid down and explained
in detail in DIN 8000. According to this, the basic body of a hob is
always a worm. If this worm is now provided with flutes, cutting
testh result. These become capable of cuiting by bsing backed
off or relisved.

This relisving operation is carried out on machine tools specially
developed for this process; it is very time consuming and there-
fore also expensive. For hobs to moderate accuracy specifica-
tions, relief turning is sufficient; for stricter quality requirements
the hab is relief ground.

Generally, relief turned hobs achieve quality class B approximate-
ly to DIN 3968. Relief ground heobs achieve quality classes A, AA
and higher. The highest quality class in DIN 3968 is AA. For ex-
ceptionally high quality requirements it is usual to restrict the tol-
erances of quality class AA still further. Quality class correspond-
ing to AAA 1o DIN 3868, without comment, means the restriction
to 75 % of the AA tolerances for all measurable variables.

If special tolerance restrictions of the AA tolerance are required,
this is also done with the AAA reference, but the individual mea-
surable variables and the tolerance restriction are now given in %
or directly in mm. E.g. quality class AAA to DIN 3968, item nos. 16
and 17 restricted to 50 % of the tolerance of AA.

The purpose of hob tolerances is to assign the tools to a quality
class according to their accuracy. On the basis of the hob quality
classes, the expected gear quality can then be forecast.

Not all requirements aimed at a “good gear quality” in the wider
sense, e.g. very quiet running or a specific addendum- and ded-
endum relief are achieved solely through a high cutter quality. For
such needs, hobs with a defined crowning depth have proved
successful. Depending on the load and the required gear per-
formance, the suitable crowning depth can be selected from the
various tables N1028, N1025/3 or N1025/5. It must be noted that
the tool depth crowning is not transmitted completely to the gear.
The lower the number of teeth of the gear, the less the effective
convexity portion.

AW

Ffst l
Frsfu -
AR
(b}
Involute / NERiE
with top Tool root section

canvexity
;
i

Tolerancs range 4 Fisa0
Fisfu

ARGH RSB AR

From deviation of Tool tooth tip

the cutting edge

www.Imi-tools.com 5
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HEHARMNIAE AENAM1/1000 (k)

Tolerances for hobs with epsclal class tolerance valuss in /1000 miliimetres

L
BHEW Module
Tolerancerange | 0,631 | 11,6 | 1625 254 | 463 @ 6310 1016 | 1625 | 2540
N102 S Fsfo 25 28 32 36 40 50 63 80 100
Frsfu 12 | 14 | 16 | 18 | 20 | 25 | 32 | 40 | 50
Fgo 4 4 4 5 5] 8 10 12 16
Freu | o o | o 0 0 0 0 0 0
Fisao 16 16 16 20 24 32 40 50 64
1 Frsau | 8 8 | 8 | 10 | 12 | 16 | 20 | 25 | 32
N 102 8/3 Fsfo 12 14 16 18 20 25 32 40 | 50
Fsfu | 8 8 8 10 12 16 20 25 32
Fgo 4 4 4 B 6 8 10 12 16
Freu 0 0 0 o o o | o | o | o
Fra0 12 14 16 18 20 25 | 3z 40 | 50
| Frsau 8 8 8 10 | 12 16 | 20 25 | 32
N 102 S/5 Fisfo 8 8 8 10 12 16 | 20 25 32
Fisfu 4 4 4 5 6 | 8 | 10 | 12 | 16
Fis0 0 0 0 0 0 0 D o 0
Freu 0 0 0 0 o o | o | o 0
Fisa0 8 8 8 10 12 16 | 20 25 32
Frsau 0 0 0 0 0 0 | 0O o | 0
AxAnERRE
Attainable gear qualities
HLET TSk e 4 B MDIN 3962001-8.78889 (F)
Altainable gear qualities to DIN 3962 part 1 - 8.78 (Fj)
i | WEEN
Guality grade to Module ranges
DIN 3968 for
single-start hobs : : 2% fiom
| 1-1,6 1,6-2 2-25 2,5-3,55 3,554 4-8 663 6310 10-16 16-25 | 25-40
Fe AA 7 7 7 PeNE” | r | T | & | & | T | T
A .9 | 10 ¢ | 9 | 9 | 9 | 8 | 98 8 8 | 8
B 11 0 1 11 1 10 11 10 11 11 10 10
_ c 12 | 0 12 12 12 12 12 12 12 12 12
HETRRER12
inferior to gear quality 12
BAETNNTAARERRSDINGIGBEE, The permissible deviations for single-start hobs are laid down in
DIN 3268.

RAFIGHRAMAERI, ENBITAKS, ERTRA There are 16 individual deviations, which are partly interdepen-

RBe. dent, and one cumulative deviation.

WARKSNEMERELFofthBikiEL:, WFTAE7ER | The contact ratio deviation Fe within an engagement area, asa
EEEES SN, ERHSET, 28 EEHTARTERE collective deviation, is the most informative value when assessing

_ hob quality. It also allows, within limits, to forecast the flank form
ER R BT, of the gear.

ATHRIERTORR, 90% 658 71 528 71 5 8 R4

B, AERSOLAEEEHTNE, (FE7TEE11) To maintain hob quality, it is necessary to check the permissible
deviations after each sharpening operation for form and position,

pitch and direction of the cutting faces (item nos. 7 to 11).

] www.Imt-tools.com



W SRR FARERRTRRN

Notes to the descriptions and size tables for spur gear hobs
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Dimensions

The four main dimensions of the hobs are stated in the following
sequence: cutter diameter, cutting edge length, total length

and bore diameter; e.g. for module 8, cat. no. 2032; dia.

125 x 130/138 x dia. 40. Diverse measurements may become
necessary due to the workpiece shape, because of the limitation
of the cutter dimensions due to the measurements and perfor-
mange of the hobbing machine, through the dimensions of the
available cutter arbors or to achieve specific cutting parameters
or machining times.

Hob materials

The standard material is the high-speed steel EMo5C05 (1.3243).
For higher cutting speeds and feeds, high-alloy high-speed steels
are used which were produced with the powder-metallurgy pro-
cess. An increase in performance over PM-HSS can be achieved
by the SpeedCore material. SpeedCore is made from cobalt,
molybdenum and carbon-free iron. This combination enables

a marked increase of the red hardness of the cutting material
compared to traditional PM-HSS substrates. Carbide materials
are used for high-performance milling in wet and dry machining
or for skiving hobs.

Coating

A hard coating with a thickness of 2 to 3 um increases the life of
the hobs, or permits higher cutting rates. Further information on
the coatings can be found on pages 134 to 1386 in the technical
section of the catalogue.

Baslc tooth profiles

The definition and description of the various reference tooth
profiles are found in the technical part of the catalogue on
pages 113 1o 132.

Pressure angle

The pressure angls, as also the moduls, is determined by the gear
cutting data of the workpiece and must be taken into account
when deciding on the basic hob profile.

Tip edge chamfer

To protect the tip edges against damage, they are chamfered.
This tip edgs chamfer can be produced during manufacture with
a suitably dimensioned hob. To determine the hob reference or
basic profile correctly, the complete gear cutting data are nesd-
ed. The size of the tip edge chamfer depends on the number of
teeth, i.e. when using the same hob for different numbers of gear
teeth, the chamfer will decrease with a smaller number of testh.
For a large tooth number rangs, several different cutters are
needed.

Information about these relationships and recommended chamfer
sizes can be made available on request.

www.Imt-tools.com 7
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Notes to the descriptions and size tables for spur gear hobs
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Profile modification

The purpose of the profile modification is to reduce or avoid the
interferance when the teeth roll into mesh while a gear pair is
running under load. To decide on the basic profile of the hob, the
complete tooth cutting data or the workpiece drawing are nac-
essary. The size of the profile modification produced depends,
similarly as with the tip edge chamfer, on the number of testh.

Protuberance

The protubsrance creates a clearance cut in the root of the tooth,
80 that during the next opsration the grinding whesl or the rotary
honing wheel does not machine the tooth root. This prevents
stress peaks through grinding- or shaving processes.

The protuberance basic profiles are not standardized and are
supplied on requsst to your requirements, If you do not have
relevant experience, we can submit suggestions and if necessary
prepare profile plots for your gear cuiting data.

Mulii-start hobs

Multi-start hobs are used to increase hobbing output. This
applies particularly in the case of gears with small modules

{= module 2.5) and relatively large numbers of testh. In the case
of hobs with axially parallel flutes, the number of starts should
be selected so that a lsad angle of 7.5° is not excesaded. The
approaching tooth flanks of the hob can otherwise bs expected
to produce an inferior surface quality on the gear flanks.

Lead direciion

With the usual uni-directional hobbing of helical spur gears, the
lead direction of the hob and the helix direction of the gear are
the same; with contra-directional hobbing they are opposite. In
the case of straight spur gears both right-hand- and left-hand
cutters can be used. Right-hand cutters are typically used.

Topping cutters

The outside diameter of the gear is topped by the tooth root of
the hob. Changes in the tooth thickness also result in changes of
the tip circle and root circle diameters.

Chamfer

When hobbing helical spur gears with large diameters, the hobs
cannot always be chosen long enough to cover the entire working
area. To prevent excessive wear of the hob teeth in the approach
area, the hob is provided with a tapered chamfer. For gears with
as well, double-helical teeth, hobs with chamfer may be neces-
sary as well, if the distance between the two tooth rows is rela-
tively small.
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Depending on whether hobbing is by the climb or conventional
method, the chamfer - generally 5 to 6 x module long and 5° 1o
10° angle of inclination - is situated on the entering- or leaving
end of the cutter.

Rake

Unless otherwise agreed, hobs have a rake of 0°. This does not
apply to heavy duty roughing hobs, which have a rake of +8°,
and indexable insert and skive hobs, which have a rake of -10°
to -30°.

Gashes

A high number of gashes increases the cutting capacity of the
hobs and the density of the envelope network; they do however
also reduce the useful tooth length, unless the cutter diameter

is increased accordingly. For solid type hobs the gashes are up to
a helix angle of 6° made axially parallel, and over 6° with helix.

DP and CP

In English-speaking countries, diametral pitch and circular pitch
are used instead of the module. It is best to convert the above
values into module and to proceed with the caleulated module in
the usual way.

The squations for the conversion into module ara:

m=254/DP
m=25.4-CP/3.1416

www.Imt-togls.com 9
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Muiltiple-gash hobs
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VRENE

RIILH

HERER

DHIRE
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Maximum tp chip thickness

. @0,015-3p . ( m)

(B (&) o

BT

Centre of hob

Bg =16 Fap 55

Cutting depth hy = 0,3659
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Coated solid-type hobs with a high number of gashes are ideally
suited to high-performance hobbing of spur gears. The high
number of gashes psrmits a high rate of chip removal, and the
tool life is increased substantially by the coating and, where
applicabls, re-coating.

Compared to conventional hobs, high-performance hobs are
required to have:

B A higher tool life quality and

B shorter machining times

B ai least equal if not superior gear quality.

These requirements are interrelated, such that measures which
for example reduce the machining time, may have a detrimental
effect upon the tool life or the gear quality.

Hobs can be optimized only in consideration of the machining en-
vironment. Based upon the geometry and the material and quality
characteristics of the gear in question, the hob design and cutting
parameters must be matched in such a way that the requirements
are broadly fulfilled.

Tip chip thickness
The tip chip thickness is an important criterion for hob design and
optimization.

The tip chip thickness is the theoretical maximum chip thickness
which can be removed by the tooth tips of the hob.

The following hob characteristics and cutting parameters are
taken into account during calculation of the tip chip thickness:

B Module
® Number of teeth
B Helix angle
B Profile displacement
B Cutter diameter
® Number of gashes
B Number of starts
B Axial fead
B Cutting depth
m = ¥ Moduls
Z> = ¥ Number of tasth
Bo = iR (MERH)
Helix angle (radian)
. 08T, xp = {GREBAIEE
Profile displacement factor
o = H7ERE
Half hob diamatar
i = YIRS

Number of gashes/number of starts
fa = HigHS®, Axial feed
a = IHIERE Cutting depth

s"

4]
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#Rip3E . Bernd Hoffmeister 1970
Dissertation by Bernd Hoffmeister 1970



% 7] BLAE R B

3 Jm 3¢ 73 470 48 48 R g 7D LA R S5 L ER E RO R AR B T £
EHHAE. YUBKEERFRSAEN, #mnHRETITH,
TE, FLUEmIIR SR, A8 EIE A a0 s AR e T $1 81 i {E
SBEERE. BEABTNIRHINEHEEREEER
Fo

DERERD, FEXZNON R, BNSRERER
NAA LB EHRE, NS ER: BikEEERmEN
HEBTERNDANERZ®,

NELSERERTEERT, FMABHETUSDERNTH
bid . &

HH0E T AMAER I EKERENTRBSS 10K
HNIBRAEEINR.

ELENTRERE, AEUMATENENIERENTITR,

~a
LMT-FETTE
W’

Longer tool Iifs

A decisive constructive measure to extend the tool life is to
increase the number of gashas. While the length of the cutting
edge stays the same, more cutting edges will be available. This
increases tool life. The optimum number of gashes can be dstar-
mined by a cutting value analysis and/or a cost calculation. The
cost structure and the capacity utilization of the user also play an
important part.

Assuming that the hob diameter remains unchanged, howsver, an
increase in the number of gashss reduces the number of possible
regrinds.

Hobs with 20 to 30 gashes and a useful tooth length for approxi-
matsly 10 regrinds are described as mulii-tooth hobs.

Developments over recent vears have shown that in the majority
of cases, the multi-tooth hob is the most suitable tool.

BorAE: HBM
Shift strategy: Coarse shifting
FArEEE
Shift distance i
| wERER
Sg Starting point offset
BN o o
th shift pass = =
BN S & © | | WSk
3rd shift pass i Coarse shifting
= & = & —&D
S ﬁﬁ?&ss | ! T
b= gt & = = ———" Starting point
1st shift pass 8 | T
L Ly L] EHRmEE
"4 RRLN Uil = Conventional shifting
y E 7L
Shift direction

Sk = fERREEA R R

Shift Increment with

Sq= FEiREENRR
Shift increment with
coarse shifting

|
|
|
|
|
1
|
| conventicnal shifting
|
|
|
|
1
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Muiltiple-gash hobs
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A hob with a high number of gashes also generates a denser
envelopa network, i.e. the profile form of the gear is impraved.
This is particularly significant for workpisces with a small numbesr
of teeth.

In arder to achieve a high tool life quality, high-performance hobs
must be coated. The high degrse of hardness of the coating and
the reduction in friction between the chips and the cutting faces
and flanks of the cutter testh permit higher cutting speeds and
feads together with considerably longer toal life.

When the hob is sharpaned, the coating is removed from the
cutting faces, Pitting increases on the now uncoated cutting
faces, and the tool life quality is reduced. In order to exploit
the high performance potential of these hobs in full, hobs for
high-performance machining must be re-coated.

The tool life quality is obviously also increased if the cutter length
is extended, since the shift distance is extsnded squally to the
cutter langth.

The shift strategy has a considerable influence upon the tool life
quality. The strategy for high-performance hobbing is described
as coarse shifting,

The shift increment is calculated in the familiar way by divid-

ing the available shift distance by the number of workpieces or
workpiece packs which can be machined between two regrinds.
On conventional hobbing machines, the standard procedure was
to shift the hob through onca by the shift increment calculated in
this way, and then to regrind it. Practical experience has shown
however that the tool life is raised considerably if the hob is shift-
ed through several times with an increased shift increment. It is
important that the starting point for the subsequent shift pass is
displaced with each shift by a small distance in the direction of
shifting.

Coarse shifting also enables the wear development to be ob-
served closely and the specified wear mark width to be adhered
to without difficulty, see fig. page 11.

Shortsr machining times

The machining time {production time) for the hobbing process

is determined on the one hand by the gear width and number of
teeth, and on the other by the cutting speed, hob diameter, num-
ber of starts, and axial feed.

The gear width and the number of teeth are fixed geometric
values. The cutting speed is largely dependent upon the gear
material, its tensile strength and machineability.

The machining time however changes with the hob diameter.
With a small hob diameter and with the cutting speed unchanged,
the hob spindle and table speeds increase, and the machining
time is reduced. At the same time, a reduction in hob diameter
results in a reduction in the hobbing distance for axial machining.
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Machining time {production time} for hobbing

_Z2 -G -m-E+b+A)

I e e 1D

= JNTHHE]
Machining time

th  [min]

Z = BT HRRIEE

Number of teeth of the gear to be machined
dgp [mm] = BIATEER

Tip circle diameter of the hab
E [mm] = BIEKH

Approach langth of tha hob
b [mm] = WINTHREEE

Tooth width of the gear to be machined
A [mm] = BERNEE

Idla travel distance of the hob
Zg = B

Number of starts of the hob

fa [Mm/MWU] = s
Axial fead

ve [m/min] = PHEE
Cutting spesd
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When selecting the hob diameter, note that the number of gashes
is limited by this dimension, and that a high number of gashes is
required for good tool life and lower cutting forces.

The cutter diamster should therefore only be sufficiently small to
enable a specified cycle time to be achisved. An unnecessarily
small hob diameter impairs the tool life and gear quality.

High axial feeds and multi-start hobs reducs the machining time
considerably. However, they also lead to higher tip chip thick-
nesses, dependent more strongly by the number of starts than
by the increased axial feed,

A relatively high feed should be selected, and the number of
starts kept as low as possible. This combination produces the
lowest tip chip thickness. The two variables are of equal import-
ance for calculation of the machining time, i.e. the machining
time is determined by the product of the feed and the number of
starts.

The number of staris always needs to be increased when the
feed is restricted by the depth of the feed marks, without reach-
ing the maximum tip chip thickness. The depth of the feed marks
depends whether it is for roughing or finish-hobbing.

B EIE R
Depth on the feed markings

8,[mm]=( fa )z.s"‘_“n

cos fp 4 - dap

8 [mm] = HBYRRE

Dapth of the fead marking

fa [MM/AWU] = HEsE

Axial fesd
Bo = SRiER

Helix angle
Qn = ik

Profile angle
dgo [mm] = BIETEEE

Tip circle diameter of the hob
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Gear quality

The gear quality is determined primarily by the accuracy of the
hobbing machine, the quality of the hob, stable clamping of the
workpiece, and zero radial and axial runout of the workpiece and
hob.

The axial feed and the diameter of the hob are decisive for the
depth of the feed marks. In consideration of the gear quality pro-
duced during finish-hobbing or subsequent processes such as
honing and grinding, the depth of the feed marks and therefore
the feed must be limited.

The number of starts and the number of gashes influence the
enveloping cut deviations. The hob diameter, number of gashes,
number of starts, axial feed, and cutting depth are included in the
calculation of the tip chip thicknesses, and therefore influence the
cutting forces and also the guality of the gear. With regard to the
quality aspects, not only the comrect hob quality must be speci-
fied to DIN 3268 or comparable hob standards for each hobbing
arrangement; the chip thickness, feed marks and enveloping cut
deviations must also be checked to ensure that they lie within the
spacified limits.

Summary

Optimization of the hobbing process requires consideration of the
antire system, comptising the hobbing machins, workpiece, hob,
and cutting parameters.

Should one variable in this system change, the effects upon the
various targets must be examined, with regard to both economi-
cal and quality aspects.

An ideal high-performance hob is always geared to the indivi-
dual application. The size table shown on page 34 should there-
fora only be regarded as a guide by means of which the huge
range of possible hob diamsters can be limited and a contribution
consequently made towards reduction of the

costs.

BB m/min =t
Cutting Speed V,; in m/min Module

50

a0

20

10

10 20 30 40 50 60 70
HTRETE AL
Machineability in %
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We can also optimize your hobbing process
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For this purpose we require a complete description of the work-
piece, the hob previously used, the process parametsrs, and the
results. A clear target must be specifisd for optimization.

Description of the workpiace:

Module

Pressure angle

Helix angle

Number of testh

Tip circle diameter

Tooth height or root circle diameter

Profile displacement factor or standards for setting the tooth
thickness

Width of the gear

Material and tensile strength

m Number of workpieces to be machined; lot size, if applicable

Description of the hob employed:

Hob diameter

Cutting edge length

Number of gashes

Number of starts

Cutting material

Coated/uncoated

Coating with hob in new condition, reground with or without
re-coating

Description of the process parameters:
Cutting speed

Feed

Shift increment

Number of workpieces clamped in the pack
Single-cut/multiple-cut process

Climb or conventional hobbing

Description of the results:

B Tool life quality per regrind

B Length of the wear mark on the hob

B Machining time per workpiece or workpiece pack

in the event of quality problems:
B Quality attained on the workpisce

Formulation of the optimlzation objectives:
Possible targets may include:

B Shorter machining times

B Superior tool life quality

B Superior gear quality

When defining the gearing targets, it has to be considered that,
for example, the objective “improvement of the gear quality”,
influence the machining time and gear generation costs.

The objective must therefore always be supplemanted by a qual-
itative and quantitative specification of the remaining process
results.

Limit values imposed by the machine must be specified, such
as:

B Max. cutter diameter

B Max. cutter length

B Max. cutter spindle and table speed

B Max. shift distance

www.Imt-tools.com 15
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Hobs with protuberance for involute gear forms
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Single-start right-handed
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High speed steel PM
o ®E
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Standard
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You find a general pictogram overview at page 196.
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Inquiry form B, B Cocmy -’
=F-:] E2 ] BTN
Bate Neme E-Mall
. NERET HRIEBEXSN
Hobs for gears and external splines BasiE prfis frain gaer data
& XRG4 BB ; Please send your inguiry to: Gearcutting@Imt-tools.com g%g l;l:to:hl.:lla LI LN
ERTEHRS TIREE Tool data W
= ~No.: Number of teath:
LMT Fette-ident-No.: BESG O AAA
THELERST: Quality grade O AA OA Bam:
Workpiece drawing No.: P CIDIN 3268 [1N132 gls:
TRERESHS . To standard OAGMA 0OBS BiRA:
Tool drawing No.: FEAE. Helix angls:
NEASE: 01 D2 O3  Non-standard tolerance: BT E-2:
Qty.: O4 O FT} Tip circle diameter:
Wt Oy URW Number of starts: I?oﬁﬂ;ge —
Module: ®H O right . 2
i} Direction of starts O ZE loft ABAWE-a:
Pitch: Effective tip circle dia.:
9"& ' (d1): ﬁﬁﬁmm g_
Ehfa. Outside diameter (dy): ; Gl
Pressure angle: Effective roof circle dia.:
TIHIHE & (a): ;
O A O miEn Cutting length {l2): EHEEERE
Rough hobbing Finish hobbing TIELK (1) 5! :
cutter: cutter: OV “ | 1 .h . Radlal amount Ofthe
S erall length {h): tip chamfer:
: Basic profile: 2 .
i sl MAEE O () EkEER:
O.1¢DIN 3972 O.2* DIN 3972 Bore diameter (da): Stock per flank:
[ ,3“ DIN 3972 [1,4" DIN 3872 - 7,
: . DR ERETR
g g!sstog} Clise53 Number of gashes: Number of teeth for checking:
[ AGMA 201.02-1968 E:faf i PTER K E Tooth width:
[ AGMA 201.02-1968 STUB g; ;";-ﬂ % g finished
7l : mn milled
##: OPM [SpeedCore [IHM Number of gashes customer data: REEE:
#®E: GCoating: Djayss O nein no Ball dia./pin dia.:
CITICN Plus O AL2Plus : pin el
- ﬁ'!&#ﬂ Bzﬂjfit Drive ERIEIEE
? D gm&H 138 Diametral dimension batween balls:
From gear data: Keyway DIN 138 finished
OBASH: D AR 138 milled
From customer data: One right-hand drive slot DIN 138
- OEwmEE 138 {8 RIEE
AR Oja yes One left-hand drive slot DIN 138 Diamnetral dimension between pins:
Semi topping O nein no O S g & finished
R Oja yes Two drive siats H R & milled
Protuberance O nein no O mit Schaft Typ GP1 Type GP1 shank ERBRH7IR
214 Cljayes O m!t Schaft Typ GP2 Type GP2 shank EExEREN
Topping et i O mit Schaft Typ GP3 Type GF3 shank Baslc proflle data
O mit Schaft Typ GP4 Type GP4 shank T e—
W & Ojayes O mit Schaft Typ LH1 Type LH1 shank -
Tip relief L nein no O % %45 Special shank BHE
HEAERE Olayes F I Notes: AELCEREO B 2}
Full radius O nein rio 25N
relief-ground unground HHEEE
Tip radius (garo):
o OifatEE Protuberance flani HEEEkE
Root radius (pmro):
| wR
Baslc mﬁ profils lina = Depth of cut {frt):
\‘\‘ s| P-#-=n EERE
— =|  P=Motus =% Protuberance amount:
Bemitonping, g a1
i o Helght of semi topping:
g hohoc)i

Profile angle semi topping flanic

LMT Tool Systemns GmbH

Heidenheimer Strasse 84 - 73447 Oberkochen
Telefon +49 7364 9579-0 - Telefax +49 7364 9579-8000

Imt.de@Imt-tools.com - www.Imt-tools.com

LMT Fette Warkzeugtechnik GmbH & Co. KG
Grabauer Strasse 24 - 21493 Schwarzenbek

Telefon +49 4151 12 -0 - Telefax +49 4151 3797

info@Imt-fette.com - www.Imt-fette.com
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Hobs for spur gears, HSS/SpeedCore

20 WMIFR RN
Hobs for involute gear forms
22 EREHRN
Heavy duty roughing hobs
24 EFSERERENEN
Heavy duty roughing hobs for involute gear forms
25 O A AT R i D

Hobs with protuberance for involute gear forms
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Hobs for involute gear forms
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Katalog-Nr. Cai.-No.

~a
LMT-FETTE
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2032
m d1 |a |1 dz Z ﬂ-ﬁi’
1 50 25 31 22 14 1205185
1,26 50 25 31 22 14 1205174
1,5 56 32 38 22 12 1205183
1,75 56 32 38 22 12 1205192
2 63 40 46 27 12 1205209
2,25 70 50 56 27 12 1205218
2,5 70 50 56 27 12 1205227
2,75 70 50 56 27 12 1205236
3 80 63 69 32 12 1205245
3,25 80 63 (1] 32 12 1205254
3,5 80 63 69 32 12 1205263
3,75 a0 70 78 32 12 1205272
4 a0 70 78 32 12 1205281
45 90 70 78 32 10 1205290
5 100 80 88 32 10 1205307
5,5 100 80 88 32 10 1205316
6 115 100 108 40 10 1205325
6,5 115 100 108 40 10 1205334
7 116 100 108 40 10 1205343
a 125 130 138 40 10 1205352
2] 125 130 138 40 10 1205361
10 140 160 170 40 10 1205370
11 160 170 180 50 Q 1205389
12 170 185 195 50 k] 1205398
13 180 200 210 50 ] 1205405
14 1_90 215 225 50 9 1205414
15 200 225 235 B0 k] 1205423
16 210 238 248 60 ] 1205432
17 220 238 248 60 9 2264410
18 230 260 270 80 8 1205450
18 240 260 270 60 8 1203986
20 250 286 296 B0 ] 1205478
21 260 290 300 680 2] 1203988
22 270 290 300 60 g 2105475
23 280 310 320 60 9 1203990
24 280 310 320 60 2] 2107384
25 290 320 330 60 2] 2117926
2_6 310 320 330 80 9 2251168
27 320 330 340 80 2] 1203992
28 320 330 340 80 9 1203994
29 340 340 350 80 9 1203996
30 | 340 | 340 350 80 g 2117930
T RERERE on request REBEE Coatings on request
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Hobs for involute gear forms
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R L L LSS

2033

m dy I Iy dp z TS
1 50 44 50 22 15 1205771
2 63 80 90 27 15 1205773
25 70 90 100 27 15 1205775
3 80 110 120 32 15 1205777
4 90 120 130 32 15 1205779
5 100 140 150 3z 15 1205781
6 1156 140 150 40 15 1205783
7 125 140 150 40 15 1205785
8 140 180 190 50 15 1205787
8 140 180 190 50 14 1205789

10 160 200 210 50 14 1205791

R R
on request
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Heavy duty roughing hobs
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High cutting capacities are achieved with our heavy duty rough-
ing hob when roughing gears from module 6 onwards with high
tooth numbers and large gear widths.

These high cutting capacities are made possible by a favourable
cutting edge geometry and the distribution of the metal removal
capacity over a relatively large number of tool cutting faces.

Because of its even cutting edge load, this tool is particularly
quiet in operation, even with maximum feeds and high chip thick-
ness.

The design of the heavy duty roughing heb is based on the fol-

lowing considerations:

B The volume of metal to be removed when cutting gears in-
creases quadratically with the module, whereas the number of
gashes, because of the greater profile height, becomes small-
er in the usual cutter sizes. This results in a greater load on the
individual cutter teeth.

B Approximately 75 % of the metal removal work takes place
inthe tip area of the hob teeth. This results, particularly when
roughing, in an extremely uneven load and wear distribution
on the hob teeth. The greater tip comer wear determines the
duration of the service life, whereas the cutting edges in the
tooth centre- and root area show only very little wear.

m An efficient and economical hob must therefore have a large
number of gashes, without making the outside diameter of
the cutter too large. The number of tip cuiting faces should
exceed that of the flank and root cutting edges.

22 www.Imt-tools.com
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These requirements are met perfectly by the LMT Fette heavy
duty roughing hob with its vertically staggered teeth. The hob
teeth only have the full profile height in every second tooth row.
The intermediate teeth are limited to about /3 of the profile
height.

This design principle makss it possible to acommodate 20 flutes
on a still practicable hob diameter.

The 10 complete teeth on the hob circumference are generally
sufficient for producing the profile shape within the required
tolerances. The heavy duty roughing hob can therefore also be
used as a finishing tool.

Depending on the guality required, the heavy duty roughing hob
is available either relief turned or relief ground.

For roughing, the hob teeth can be provided with offset chip
grooves, which divide the chips and reduce cutting forces and
wear.

Roughing hobs can be reground on any standard hob grinder.
Once set, the gash lead can be retained, independent of the gash
depth. Roughing hobs are manufactured with axially parallel
gashes up to lead angle of 6°, which is a condition for sharpening
by the deep grinding method.

The design principle of the heavy duty roughing hob is of course
not limited to the basic profiles for involute tooth systems to
medule or diametral pitch, but can also be used for all other com-
men profiles and for special profiles.

DEEMBERT LHSE
EWBLHE Fl= 75%

WIRBAH L F2 25%

2HUREEE

= 100 %

Metal removal areas on the cutter tooth:

Tooth tip corresponds toarea Fl= 75 %
Tooth root corresponds o areaF2 = 25 %

HEmA-0
Section A-0

#EB-0
Section B-0

Z 7

Tooth gash volume

=100 %

225-m
225-m
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Heavy duty roughing hobs for involuie gear forms LMT-FETTE

=GR R e e = () (T2 F=a oy B, o
B Za | ) [ (A2 (&) (A ol | 38 o s
la
la
dy d{ e _lllle
Katalog-Nr. Caf.-No. 2061 2063
m dy Is Iy dz z iTRs Ident No.
<] 150 108 118 50 20 [ 1208017 | 1208053
7 150 126 136 50 20 [ 1208019 [ 1208055
8 160 144 154 50 20 [ 1208021 | 1208057
9 160 162 172 50 20 | 1208023 1208059
10 170 180 190 60 20 [ 1208025 1208061
11 180 198 208 60 20 [ 1208027 | 1208063
12 190 216 226 60 [ 20 [ 1208029 | 1208065
13 200 234 244 60 [ 20 1208031 1208067
14 210 252 262 60 20 1208033 1208069
15 230 270 280 80 20 | 1208035 | 1208071
16 240 288 300 | 80 [ 20 | 1208037 | 1208073
18 260 318 330 | 80 [ 20 { 1208039 1208075
209 287 318 330 80 20 [ 1208041 1208077
20 290 360 372 100 [ 20 [ 1208043 | 1208079
22 300 396 | 408 100 [ 20 | 1208045 | 1208081
24 310 432 | 444 100 20 1208047 1208083
27 330 486 | 498 100 20 1208049 1208085
30 | 340 | 540 | 552 | 100 | 20 | 12080561 | 1208087
TRERER
©h request
A EMER B WL
optionally

3T B R MR A YIEISME 200 mmAl R A DI#I 1€ B330mm

for hobbing machines with max. capaclty = 280 mm dla, and for max, cutter length = 330 mm
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Hobs with protuberance for involute gear forms LMT FETTE
Ve’
B Cal (1) () ) o9 {’f"" (e [ (2 (=0 = RH LH|
lg
la
dy d{ Ml
Katalog-Nr. Cat.-No. 2026
m dy Ia Iy ds z ﬂﬂ% ﬂﬁ%
1 70 | 50 56 27 17 1223334 1223344
2 70 | 80 100 27 15 1223326 1223346
3 80 | 110 120 32 15 1223338 1223348
4 80 120 130 32 14 1223340 1223350
5 100 140 150 32 14 1223343 1223352
5] 140 140 150 40 14 1223345 1223355
7 150 140 150 40 14 1223347 1223357
8 160 160 170 50 14 1223349 1223358
9 170 160 170 50 14 1223351 1223361
10 180 | 180 190 50 14 1223353 1223383
12 200 200 210 60 12 1223356 1223365
D e
on raguast
3 34 F BT AN EI T R

BAUF hao=14-m, g =04-m
VI B Y B R ¢ 0o = 0,09+ 0,0125 - m
A

preo = 0,128 + 0,280 - m bis Modul 7
preo= 0,181 + 0,235 - m gréBer Modul 7

fer rough hobbing prior to grinding or skive hobbing

basic profile: hgg = 1.4 . m, pag=0.4 -m

allowance per flank: qpg = 0.08 + 0.0125: m

protubsrance valus:
prpg = 0.129 + 0.280 - m up to module 7
prpp = 0.181 + 0.235 - m above module 7
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Carbide hobs for spur gears

28 BHERASSiET
Solid carbide hobs
34 BHERSSENSEAR TR
Size table for solid carbide hobs
35 SHEEn
Skiving hobs
43 fRENERaERT

Skiving hobs with brazed-on ¢arbide inseris
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HEERa®®EN
Solid carbide hobs

HEERGEENRTABRTEDHY (HSC) —HHEE.
EHHERENTFHRENEAR,

HEERASRTIERTHEALEENDRERE, DEXHRK
Ho

WMELIH (HSC) STMIESERRBERM.

AREAERE SRR
BTN R E

= SERin TR E

= KRS

m REAFMT

B AREMPEREEEENIGE
B EERNIEE

~a
LMT-FETTE
W’

Carbide hobs permit cutting spesds into the high-speed cutting
{HSC} range, and significantly higher than those possible with
high-speed steel hobs.

The development of suitably rated hobbing machines enables tha

advantages of carbide hobs to be exploited in practical use.

The combinaticn of high-speed cutting (HSC) and dry machining
presents substantial potential for rationalization.

Maodern carbide hobs provide the following characteristics:
B High cutting speeds

Short machining times

Long tool life

High suitability for dry machining

Lower gear production costs

{according to the machining task)
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—RERAKAANPEERSSHE. ATHERAMTIR (&8
ARTR ) UEFRENTE, RETHERSAMNENE AT
B

BFKEERSSREBSTRENERESE S, FUREED
REARER. PAERGSMNTRERRENRETEN, B
EAREEEESHUNREER#TRESE, RRAXRD
TRAPERBERG S H MR EF AL,

S5k, SRR EREKEEESS L. BRERFREE
WEE, EEnEAEHHREE, BEhE,

Bic, SEAPEERASHIAL, FTRHRENKEERES
IRERRFERHERASS, TIPABEREENAEL —RE
BERXZEZTUHNANSERY, BiAEREH,

H/ AR TIN
ERERERES, NTHEER~EX RO MRERE
EIMME, NRAIHNHSRRAR.

ATHMISGEPNARETAE, AR IIAETESHE
W, dE—-RNETERAENRNIHZEERSPRGS
o HHFGETUBREDEEEPEHBRE.

B, RAPEESHEE. SHFHHUEEMFSERTEFER
E 438

RHRFTERESAPFEANER, EAENSUBARESH
EARERAERE, AIMARGERSLEER.

F#, RAEEFSEE, B RAMKITALEERSEZH
TEFRE. IERATOH, TUFEESNTSEEREE
16% HIR &,

B, ABRAERERSHREEFERSRS. £ SHEE
IHERERRIRSEREAEARIERAEIY, HNe®
FZREAEAAL (BEME ) MEEHRE, Bk, BmTH
0 R BR ] #E250m/minBUF ( T3 F im T B i B WX B350 %
450m/min ) . EPEHTHRECERMERLDHBRAKIT
mﬁo

P
LMT- FETTE

(

Carbide types

The carbide types generally used are those of the main machining
groups K and P. The types present advantages and disadvantag-
es according to their material compaosition (alloying elements and
compoenents) and their grain size.

Whereas K carbides, owing to the tendency of chips to bond
to the uncoated substrate, can only be employed fully coated,
P carbides can also bs employed in uncoated form. Thers is
therefore no need for the cutting face to be re-coated following
ragrinding. This reduces the maintenance costs for P carbide
hobs considerably.

By contrast, fine-grain carbides have as yet only been developed
for the K types. Fine-grain carbides permit very high hardness
values and consequently a high resistance to wear, combined
with excellent toughness.

Consequently, fully coated K substrates generally permit higher
tool life qualities when compared with hobs manufactured from P
carbides, which lose their cutting face coatings at the first regrind
at the latest. P carbide hobs must therefore be changed more
fraquently.

Machining with and without coolant

The machining of steel materials generates considerable quan-
tities of heat at the point of chip removal. If the temperatures
reach excessive levels, the cutting edges of the tool ars rapidly
destroyed.

In erder to cool the tool and at the same time to lubricate the
cutting edge, cooling lubricants have in the past been applied to
the contact point between the cutting edge and the material to be
machined. Cooling lubricants also have the function of flushing
away the chips which are producad.

Cooling lubricants, howsver, have considerable acological, sco-
nomic, and in many cases also technological disadvantages.

Cooling lubricants present an ecological hazard since they impact
the environment in the form of oil vapour and oil mist, and can
present a health hazard to humans.

Cooling lubricants are not economically justifiable, because they
increase the production costs owing to the very high costs of
their supply and disposal. Up to 16 % of the total gear production
costs can be saved by dry machining.

Furthermore, cooling lubricants may pose disadvantages for
technological reasons. The use of cooling lubricants in many
hobbing operations involving carbide cutting edges, for example,
meay lead to premature failure of the tool owing to stress cracking
{temperature shock). For this reason, cutting speeds are limited
to 250 m/min for wet machining {in comparison with 350 to

450 m/min for dry machining). The table shows the advantages
and disadvantages of cooling lubricant with regard to carbide
hobbing.
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Solid carbide hobs

THMMEERNFIETUNER IR DRESEENENET
MRERAEDHDESYN, BARTRBNDNESFENTE
80%mMMERTE B EEN,

NEMEHRIETHR TN ERNETSE. MBEEEMAREIN
ERERUBNEE. WERMZIREIT ( TRE¥., TN,
NENME) . THOLTER (S8, T8, UHRE. &%
# ) PERENSSERER. TUHSETRAEERIERY
RAEHLIRE, EREFEEHR/MI. EREREX, 84
SEFERENARMES ., SMEEIERIEETMTHALE
AMIHBREBRETE,
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LMTe. FETTE
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The main problem with dry machining lies in the increase in
cutting temperature. Up to 80 % of the heat which is generated
is dissipated with the chips, provided attention has been paid
to correct tool design and suitable cutting parameters are em-
ployed.

The configuration of the tool is dependent upon the data of the
gear to be manufactured. A significant influencing factor is the tip
chip thickness, which is derived from the cutter design (number
of starts, number of gashes, diameter), the workpiece geome-

try {(module, number of teeth, cutting depth, helix angle) and the
selected feed. An important consideration is that dry machining
requires observance not only of an upper limit to the tip chip
thickness, but also of a minimum thickness value. The greater the
chip volume, the greater the quantity of heat which an individual
chip can absorb. This must be taken into account in order to en-
sure that during dry machining, the greater part of the machining
heat is dissipated by the chips.

| - B
Disadvantages

mgEES (IR, FEE), B
‘.ﬁiamixmgm

E FMRMENRMAZY (#H, BES)

‘ B Aggregates (filters, pumps, etc.), therefore:

N greater space reguirements

| N additional operating expenditure (maintenance,
|__power, etc.) |
" B FRGNERSVNLREEES, ANSRE
| TRBEARG (BEMSE)

B Shorter tool life due to thermal cracks

| (thermal shock) possible

B BENTHHETHE

B Cleaning necessary

. HERERE
B Health risk

iy g B rh e Ay A RS m G
Advantages and disadvaniages of the usa of cooling lubricant during habbing
#ia ‘
| | Advantages
HLEE B FETERERE
Machine n REEHLERER B
B Supports chip removal
B | ower heating up of the machine
AR m NEHAA
Tool n MEEESESERER
® Cooling of the tool
‘ B Lubrication of the friction zenes
I# n BREIGERE
Workpisce  BRIPRJIRE
m BRI
B Lower heating
B | ower dimensional deviations
. | ® Protection against corresion
78 1 B EHEMIHERELS
Environment HERE
® Binding of graphite dust during
. | cast iron machining
E&RH W T{E N AR,

Further costs S 30 3 3% B

B Tempering of the workpiece, thus faster

measurement
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EERA

wERmMER, BEik.
BRmESAATE

SERAER

Purchasing costs

Inventory costs

Contaminated chips, therefore:
expensive recycling processes and
higher disposal costs



EETIM ( HSC)

BHEHERRS:

s RFRERE. MIED (BRRTMI&EE)

= {ElhN, ARAETIENRIRES, DRAEAS®K

BTHRESUNNNEMMESE, FrERRRF2RREES
ARMIHE, BkIRNIHMNERENEE. AR, &HE
ERARS. EMATREBFLUBIEMTR&EREEH.

EFERRAT, RRRARDENREVHMSEMI4REREL
FRKXRHH50E60T. AT, ERMFENEE, EELER
THEESMX00T, XI—mBMNTHELZINEBERHE
o U LARMER L, ARMEMIRETESRBFMIN
RERTHHRRTTTRERERNENRETEL, BENT
ERpENSENNSERAEERTHENRMNERIRE
HEEmEL,

ENtRad, SEVH NI HARATFIESZ. 2201
HOOERAMNCEFABTHERARENTR, REXNPETE
EREERAEETUN&RGTERN T A & EXE
350m/minkl ko

A A s

ERIER, RARAERS SIS {THERRMESNT S
RS R EEM=0.58m=42H, JTREEERABEMEESN
AARSEMAREFANINE,. AREEEATMIR, @
KR ETSE — 1508 350m/minFE, SRR TEEMMNT
I¥(FmIfpHEMT) .

HFERSRT REAEH A E RS8R A T o T304 420 7% m T af
MEZEENAR, ZEROEEERTEEERSERT], K&
m=2,

EEARRERE T TR L% R TS Em i HIE
E.
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High-speed cutting (HSC)

The advantages of high-spsed cutting are:

B High surface quality and short machining times
(depending upon the machining application)

B [ ow cutting forces, with resuiting bensfits for the dimensional
accuracy of the workpiece and the tool life

Owing to the low contact time between the chip and the cutting
edge, the heat which is generated does not have time to flow into
the tool or the workpiece. The tocl and the workpiece thus remain
relatively cold. By contrast, the chips are heated very strongly
and must ba removed very quickly in order to pravent the ma-
chine from heating up.

In an example application, HSC machining witheut cooling
lubricant led to the workpieces being heated to approximate-

Iy 5060 °C. At the point of chip generation, however, far higher
temperatures occur which under certain circumstances may rise
to approximately 900 °C, as indicated by incandescent individual
chips. Based upon these observations, a transverse microsection
from a workpiece subjected to the dry machining process under
optimum machining conditions for the HSC hobbing process was
examined for possible changes to the microstructure.

The tooth flanks machined by the HSC process and the reference
samples of a turned blank analysed for the purpose of compari-
son revealed no changes to the microstructure atiributable to the
machining process.

As already described, HSC machining must be considered
together with dry machining. At the beginning of the 1990s the
first studies were carried out on HSC gear hobs. Today, this
method enables reliable dry machining of gears at cutting speeds
of 350 m/min and more.

Applications and cutting data

The proven applications for solid carbide tools for gear and
pinion manufacture lie in a medule range fromm =0.8tfom = 4.
The tools are generally manufactured as stable monoblocs with
bore- or shank-type mounting arrangement. The shank fype is
recommended for smaller tools. The cutting speeds are in the
range from 150 to 350 m/min, according to the module size and
process {dry or wet machining).

The diagram shows the difference in cutting speeds for dry and
wet hobbing of materials with a range of tensile sirengths. The
values in the diagram apply to a solid carbide hob, m = 2.

Substantially higher cutting speeds can be achieved with dry
hobbing than with wet hobbing.
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Solid carbide hobs
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FARFGEREAEGINER L, BFERRASENITRENT, W¥m2

Cutting speeds for a range of material tensile strangths, carbide hobbing, dry and wet, module 2

280 - Fia
[ Dry machining
e
_ 260 o Wet machining
2=
EE
= 240
Eg
=
=7 220
=%
g w200 -
=£
55 180 -
1680 |
140 -| e — —‘L— —
120 | \ | i
800 700 800 900 1000 1100

HihE 3 BE[N/mm?]
Tensiie strength [N/mm?|

Btk

ETAEAERRSERIERNEIRRER,

AUEERERENENRENBERRR, EXTEREEEN
—BAeRE. ANERLARITESSHNHEREWED
TEHERR. KEERSSRTERESREZ SRR SHME
FERMVAAL BE—RERSERGARTENEL.

BEGMBEN—TBEDEENA LRBRAN0.1mm, 3#3f
EFIEMERHEEARARM, Bl NEUEHKERS
#i0.15mm, ESARTEERSAHETERRE. PEER
SEABREMHFEERARAAS, MEEERENIBERN
®E.

NP RERF

EMBEARREERIEITERN, BRRERERETRENRE
HRFRMN, BIEREXNTDVIHTRLE, WERTET (40
ERMEE, ESE) , ROTRRT10E200EE.
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Wear hehavior
Flank wear is the chief form of wear occurring on carbide
hobs.

Pitting, which oceurs on KHSS-E hobs, is not normally significant
on carbide hobs. Chipping at the cutting edge following penetra-
tion of the carbide coating may occasionally be observed.

The chips may adhers to the uncoated cutting edge of K

types following penetration of the coating. The point of first pene-
tration of the coating must therefors be dslayed as long

as possible.

Thae increase in wear is progressive from a wear mark width of
approx. 0.1 mm upwards, and has a considerable influence upon
the economic viability of the process. We therefore racommend
that a wear mark width of 0.15 mm not be exceeded, and that the
cutter be re-coated following each regrind. Chip adhesion to the
worn and therefors uncoatad cutting edges is much less common
with the P types. Re-coating is not therefors necessary with thess

types.

Maintenance

When regrinding =olid carbide hobs, ensure that the thermal
stress on the tooth tip is kept to a minimum. A defined edge
treatment i also recommended. Depending upon the hob design
(e. g. positive or negative rake angls, width of the tooth lands),
approximatsly 10 to 20 regrinds are possible.
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The "ds-coating” and “re-coating” processes are required in
addition for hobs manufactured from K type carbide.

Further information on the maintenance of solid carbide hobs can
be found on page 162.

Btructural dimensions

The size table indicates the hob dimensions for which LMT Fatte
stocks carbide blanks. The blanks do not have drive slots.

A drive slot can therefore be pravided on either the left-hand or
the right-hand indicator hub, as desired by the customer.

LMT Fette recommends drive slots with reduced gash depth for
carbide hobs. The gash dimensions can be found in the table
below.

rs | fé
Vo] {2 o
i 8 Permissible Permisgihle
Bore diameter bj 1y deviation deviation
8 54 2,00 0,6 -0,2 | 04 0,1
10 6,4 2,25 0,8 -0,2 0,5 0,1
13 7 8.4 2,50 1,0 -0,2 0,5 7 0,1
16 | 84 2,80 1,0 0.3 0,6 | 0,2
22 10,4 3,15 1.2 -0,3 | 0,6 _ 0,2
27 12,4 3,50 1,2 -0,3 1 0,8 0,2
32 | 14,4 4,00 1,6 -0,4 0.8 | 0,2
40 | 16,4 4,50 2,0 -0,5 _ 1,0 | 0,3
50 18,4 5,00 2,0 -0,5 | 1,0 0,3
60 20,5 5,60 2,0 -0,5 1 1,0 0,3
70 | 225 6.25 2,5 ~0.5 12 : 0.3
80 | 24,5 7,00 2,5 -0,5 1,2 | 0,3
100 24,5 8,00 3,0 -0,5 1,6 0,5
1,=DIN 138 1/27R 5
Y depth to DIN 138
ERASBNBHRWART
Drive slot dimensions of a carbide hoh
t3H12
% =[02]A]
&7

— =1 s fz b3H11
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Size table for solid carbide hobs LMT- FETTE
T’
3| [Solid]
| |Carbide/
I
[5 lg
@dy da| Bds
BERT
Recommended dimensions
dy Is I4 ds e dy hg z
WRP short
56 _ 52 | 70 | 22 [ 9 42 3 19
63 72 90 27 9 48 4 19
70 100 120 32 10 54 5 19
80 100 120 32 10 54 7 19
90 100 | 120 | 40 [ 10 66 8 19
100 120 140 40 10 72 10 19
120 138 160 50 11 80 13 19
¥EBA long
56 82 [ 100 | 22 [ 9 42 3 19
63 112 130 27 | g9 48 4 19
70 160 180 32 10 54 5 19
80 160 180 32 [ 10 54 7 19
90 | 160 | 180 | 40 | 10 66 8 19
100 180 200 40 | 10 72 10 19
120 208 230 50 11 | 80 13 19
A EMABR T
Possible shank dimensions
240
- (162) 47
= 3
P 5 5
~ 18 2y
o | | | p-—————v —
T
=) E:‘ Jﬁ %E § e Vagw
2 g Qe ®
E:EEES e l_"_A" A-AHE
I ey = Q?ELQ% View
JRE LRl Hié: 4© )
ot =0 S
————————————————————— 1 x 45°
2 WA
_gg_
10 35
21,2 200 50
280
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8kiving hobs
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Process and range of applications
Skive hobbing Is & machining process in which skiving hobs are
used for cutting rough-milled and hardened gears.

The main area of application is the hebbing of straight and helical
spur gears. In addition, external splines, roll profiles and a large
number of special profiles which can be generated by the hob-
bing method can be machined with the skiving hob. There are
various reasons for using this process.

Finish-hobbing of gears
Skive hobbing eliminates hardening distortion and improves the
quality of the gear.

The metal removal capagcity is considerably higher with skive
hobbing than with the usual grinding processes. It is therefore
economical to replace grinding by skive hobbing in the range of
coarse and medium gear tolerances.

Gear quality grade 6 to DIN 39682 can be quoted as an approxi-
mate value for the attainable accuracy.

Profile- and flank modifications, too, such as depth crowning,
tooth face setback or width crowning, can be produced by suit-
able hob profiles and corresponding machine motions.

Preparation for grinding

For high gear quality requirements, the gears are ground. The
gear cutting costs can be markedly reduced if the hardening
distortion is before grinding removed by skive hobbing, at the
same time removing material to the necessary grinding allow-
ance. Grinding times and costs are reduced while gaining
additional grinding capacity.

Design

The characteristic design feature of skiving hobs is the negative
tip rake angle. The tip rake angle is described as negative when
the cutting faces of the teeth lie, in the direction of the cutting
motion, in front of the tool reference plane. The tool reference
plane is the plane in which lie the tip cutting edges of the axially
parallel cutter and cutter axis.

Dus to the negative tip rake angis, the flank cutting sdges are
inclined in relation to the effective reference plane (plane perpen-
dicular to the cutting motion) and in this way produce a peeling
cut.

The negative rake angle is greater in the root area of the hob
testh than in the tip area. The tip cutting edges have no effactive
back rake and cannot therefore gensrate a curling cut. It therefore
follows that the skiving hobs should only produce flank chips and
that pratubsranca cutters are used for roughing tha gears.
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WAER, ERNE. NENTHEERS S TR HH
ENAREEHEHNANREANMLIEE, Bit, IFHESET
B ST RRTIRAGERFEIEE 4NN,

EMSASRMNANBENRAARES. A TRITHEHESR,
EEERSSTAEINEN— NN W - AREE, 3
TERERBEGIHEN, —REAESNDEIRNAEN
R, MAEAFAFHARENAR, BARERERAENEN
EREERES, MAEREGV CNRTIRSBHLESRHD. B THE
EREEBHRE, HALERFXTRAMETIHETRZEEN
Btz

- 7ITIRIA
Tip rake angla
ta= JITIE1RR
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Tool material

Low chip thickness and hardened gear materials make severe
demands on the edge strength of the tool material. As the tool
material for skiving hobs, carbides of ISO application groups
K 05 to K 15 are used.

Designs
Depending on the medule size and the accuracy requirements,
3 skiving hob designs can be basically distinguished:

m Solid carbide
up to and including module 4
LMT Fette Cat. no. 2028

B Brazed-on carbide tips
for modules ahove 4
LMT Fette Cat. no. 2128

B |ndexable carbide inseris
for modules from 5 upwards
LMT Fette Cat. no. 2153

A special position among the above designs is occupied by the
skiving hob with indexable carbide inserts. This cutter type does
not require regrinding. Only those inserts which have reached the
maximum wear mark width are turned or changed.

It is understandable that a hob assembiled from cutter body, tooth
segments and indexable inserts cannot offer the same accuracy
as a cutter in solid carbide. This is why the cutter with indexable
inserts is particularly suitable for preparing the workpiece for
grinding.

By far the most common skiving hob is the bore type. Salid
carbide skiving hobs have a drive slot on ane or both ends, for
manufacturing reasons. For hobs with a high quality grads, pref-
arence should where possible be given to bores with drive slot
over those with keyway. A precise bera can be manufactured
morea easily without a keyway, and the run-out of the hab on

the hobbing machine is aiso reduced. For extreme accuracy
raquiraments, a shank-type tool also permits compansation of
the run-out betwsen cutter arbor and cutter.
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Quality gradas

Skiving hobs are generally manufactured in quality grade AA to
DIN 3988. If required, the solid carbide and brazed-on carbide tip
types can also be manufactured in quality grade AAA (75 % of the
tolerances of AA).

A concave flank shape is usual for the skiving hob, to achieve a
slight tip relief on the workpiece.

Preparation for skive hobbing

The machining allowance depends on the module size and the
hardening distortion. Experience has shown that for the module
range 2 to 10 it lies between 0.15 and 0.30 mm/flank.

The tooth roct must be pre-machined deeply encugh to prevent
the toath tip of the skiving hob from cutting into it.

We recommend hobs protuberance, e.g. LMT Fette Cat.
no. 2028.

The hardness of the gear must for the skive hobbing process be
limited to HRC 62 +2.

Cutting speed

The cutting speed depends on the module size and on the hard-
ness of the gear. As an approximate vaiue, a cutting speed of
36 m/min can be recommended for module 30 and of 110 m/min
for module 2.

For the lower modules, higher values between 140 and 160 m/min
are also possible. These high cutting speeds do however reduce
the service life of the skiving hob and the workpiece structure is
increasingly affected.
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For workpiece hardness values from HRG 62 upwards, the
cutting speed should be limited initially to 70 m/min and then
optimized in consideration of the cutting result and the service life
of the tool.

Feed

The structure of surfaces machined with hobs is affected by the
depth of the feed marks. The depth of the feed mark increases
quadratically with the value of the feed. It is therefore logical to
distinguish between feeds for finishing and for roughing.

Approximate value for the feed;

For the finishing cut
1.5 to 2 mm/workpiece rotation

For the roughing cut
up to 4 mm/fworkpieca rotation

Climp hobblng mathod
Climb habbing for skive hobbing is preferred since this vields the
best service life of the skiving hobs.

Removal per flank
To maintain a reascnable service life of the hebs, not more than
0.15 + 0.20 mm/flank should be removed in one cut.

For high quality requirements, habbing must always be done in
several cuts. For the last cut, a remaval of 0.1 mm/flank should
be aimed at, to affect the structure of tha gear material as little as

‘possible.

Cooling

Intensive cooling of the tool, workpiecs, holding fixture and
machine with the cutting oils usual for hobbing, the temperature-
dependent arror valuss are reduced and the service life of the
skiving hobs is extended.

WikR BREASRINET BERBERASTINRT ARAERASRINET
Skiving hob with brazed-on Skiving hob with brazed-on Skiving hob with
carbide tips carbide strips indexable carbide inseris
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Wear mark width
The wear mark width on the skiving hobs should not exceed
0.15 mm.

Cutting forces increase with greater wear mark width and with
very thin chips deflection of the hob cutting edges will occur.

This may have the following consequencas:

quality losses, chipping of carbide cutting edges and excessive
structural changes through tempering and re-hardening process-
as on the gears.

Uniform wear through shifting

Woear only occurs an the tooth flanks of the skiving hobs. The
wear marks are relatively short and follow the contour of the en-
gagamaent lines,

By shifting the hob in the axial direction after hobbing a gear or
set of gears, the wear is distributed evenly over the flank cutting
edges and over the entire cutting edga length of the hob. This
process is further facilitated if the habbing machine is equipped
with a synchronous shifting arrangement. This arrangement en-
sures that the machine table makes an additional tum when the
tangential slide is moved. The ralative position of the hob motion
then remains as set during centering.

Tool life between regrinds

The life between regrinds of a hob equals the sum of the
lengths of all hobbed workpiece teeth betwean two regrinds
of the hob.

The calculation of the life betwssn regrinds, the tool requirement,
the proporticnal tool costs etc, is based on the life between re-
grinds psr cutter tooth. This depencds on the moduls valus and
on the hardness of the material being cut. Experience has shown
the tool life betwesn regrinds to lie betwesn 2 and 4 m per cutter
tooth for skive hobbing.

Gear cutting quality

The gear quality when skive hobbing depends on the
interaction of a large number of components and parameters,
such as:

m Skiving hob (cutting material, correctly sharpened, sufficent
accuracy)

rigid hobbing machine

accurate and stable clamping of hob and workspiece

Hob aligned with an absolute minimum of runout

accurate ceniering

correct selection of cutting speed, feed and metal removal
per flank

® gdherence to the maximum wear mark width

B material, preparation and heat treatment of the workpieces
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Pitch- and tooth trace deviations are caused by the hobbing
machine.

The profile shape depends basically on the guality of the hobs.
The cuiting parameters, the hardness of the workpieces and the
wear condition of the cutters affect mainly the cutting forces,
which react on tool and machine and thus contribute to the tooth

quality.

Under good conditions and with careful working the gear quality
grade 6 to DIN 3962 can be achieved with a surface roughness of
1102 mm.

Hobbing machine

In principle, conventional hobbing machines are also suitable
for skive hobbing. The decisive facter is the condition of the
magchine.

It is vital to keep the play in the hob spindle thrust bearing and in
the table- and feed drive as low as possible.

Obviously, modem hobbing machines with dual-worm table

drive or hydraulic table pre-loading, with circulating ball spindle
for the axial feed and prestressed thrust bearing of the hob spin-
dle offer better preconditions for good gear quality. Arrangemants
for automatic centering and for synchronous shifting are also
desirable.

Maintenance of the skiving hob

Tha skiving hob should be sharpensad when the wear mark has
reached a width of 0.15 mm. Diamond wheels are used for grind-
ing with the traverse grinding or the deep grinding process.

Because of the negative tip rake angls, the grinding wheel must
be set off-centre. The measurement for the setting of the grinding
wheel depsnds on the cutter diameter in question and iz shown in
the regrinding diagram, which is enclosed with every cutter.

Cutting faces must be ground with low roughnsss depth in order
to prevent flaws and micro-chipping on the cutting edges. The
tolerances of DIN 3968, insofar as they concern the gashes, must
be maintained.
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Sharpening table for gkiving hobs with indexable carbide inserts
RE g 4-84216
Ident No. Drawing No.
AIRGw R2160 na IM15513¢9
Cutier No.: Tool-No.: [
B 3,27742 Ehfa 25°
Module: : Pressure angle:
et 4,45 4] 8,2
Cam: Tooth height:
BEN 12
No. of gashes:
e 79,875 B0 -13,681
Qutside-@ (actual dimension) u (actual dimension)
GmeE 7
Tooth tip length (actual dimension)
L u Da0 L u Da0
7 -13,681 79,875 1,554 -13,261 77,635
6,859 -13,67 79,815 1,416 -13,25 77,475
6,717 13,66 73,755 1,278 -13,239 77,415
6,576 —13,649 79,695 1,141 -13,229 77,355
6,435 -13,638 79,635 1,003 -13,218 77,295
6,294 -13,627 79,575 0,866 13,207 77,235
6,153 -13,617 79,515
6,013 -13,608 79,455
5,872 -13,595 79,395
5,731 -13,685 79,335
5,591 —13,574 79,275
5,45 -13,563 79,215
5,31 -13,552 79,155
5,163 —13,542 79,095 _
5,029 —13,531 79,035
4,889 -13,52 78,975
4,749 —13,509 78,915
4,609 —13,439 78,855
4,469 —13,488 78,795
4,329 —13,477 78,735 &
4,19 —13,466 78,675 &8
4,05 —13,456 78,615
3,911 —13,445 78,555
3,771 -13,434 78,495
3,632 =13,423 78,435
3,493 -13,412 78,375 -
3,354 13,402 78,315 =
3,275 -13,391 78,255
3,076 -13,38 78,195
2,937 13,369 78,135 Lo
2,738 13,358 78,075 Ly ﬁgth st tooth tip
2,66 13,348 78,015 u= %ﬁ{s .
2,521 -13,337 77,955 Dal = 5@ g
2,382 -13,326 77,095 Cutier diamster
2,244 -13,315 77,835
2,108 -13,304 77,775
1,963 -=13,204 77,715
1,83 -13,283 77,655
1,692 -13,272 77,595
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Katalog-Nr. Cat.-No. 2028
m dq Is Iy da z Ident No.
2 80 100 120 32 15 ' 2352830
25 | 80 | 100 | 120 32 15 [ 2352891
3 | 80 | 100 | 120 | 40 | 15 | 2352892
35 | 100 120 140 40 15 2352893
4 | 100 120 140 | 40 15 40215186

NEEET hyg=1,15m, g =0,1"m
Basic profile hgp =115 m, pan=0.1 -m

42 www.Imt-tools.com



REERA SRR

Skiving hobs with brazed-on carbide inserts
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lz
la
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Katalog-Nr. Cat.-No. 2129
m dy Is Iy dz z Ident No.
4,5 130 130 150 40 12 1223135
5 130 130 150 40 12 1223139
5,5 160 140 160 50 12 1223137
6 160 140 160 50 12 1223146
T 170 140 160 50 12 1223155
8 170 150 170 50 12 1223164
9 180 150 170 50 12 1223173
10 180 160 180 50 12 1223182
11 220 180 200 60 12 1223191
12 220 190 210 60 12 1223208
13 240 200 220 60 12 1223253
14 250 220 240 60 12 1223217
15 250 230 250 60 12 1223262
16 260 240 260 60 12 1223226
17 260 250 270 80 12 1223271
18 270¢ 270 290 80 12 1223235
19 270 280 300 80 12 1223290
20 280 290 310 80 12 1223244

VEAEWEE hao=1,15-m, gao=0,1-m
Basic profille hap=1.15-m, @ag = 0.1 -m
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ChamferCut - fast and cost-efficient deburring
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ChamferCut - fast and cost-efficient deburring
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Fellowing the cutling phase in gear-cutling procedures, the
probiem then arises of deburring the workpieces.

At the moment, various different procedures are used in industry
to chamfer gears, including deburring by rolling, compressing,
cutting and manual reworking. These methods need separate
devices and machines, making them time-consuming and
expensive.

LMT Fette has developed the ChamferCut to save costs and
time in the deburring process.

All tools for gear cutting and deburring ara mounted on

one arbor. After tha gear has been cut with a LMT Fetta hob,
the LMT Fette ChamferCut clamped on the same arboer is em-
ployed.
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Two ChamferCut tools for optimum deburring.

The first ChamferCut is responsible for deburring the top side
and creates a uniform chamfer. The second ChamferCui Is then
responsible for this same task on the lowe side. The resultis a
chamfered gear that needs no additional machining.

The whole chamfering process with LMT Fette ChamferCut can
be controlled as an option with machine software.

Please contact your machine dealer.

ChamferGut is patented.

FiEEfMERAR: www.Imt—tods.de, EHlyoutube i #

ChamferCut application see www.Imt-tools.de, watched us on YouTube

o] b
Cutting analysis
| RSW Gear data
B ‘ 1,5
| Module mn ‘
i 30
No. of testh za | .
Y 1 20°
| Helix angie B
| R7N1$W Hob data
55 70
| Qutside-&
&3 4 4
No. of threads
PIME Cutting time

| 84 T 4 R L A ]
| Cutting time per part

5,28 sec
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Fast, cost-efficient deburring with ChamferCut in just seconds

ERERETFETTER G TR A :
B HEENEERNE—QNE TR

AR TIREA—BEHE

B PTEIE R VLR SR

R EEERAMIEAIESEN

B ARESSMNBERTEREEREER
EEE

=TI RAEG

ESTHEWHSMAEA T ERHE™

KRS THESNEAIRARK-RBTHEEHE. HE5RE
N mKySH, ROWHAFANERTHTHHERS. BTN
frEaERMBIEE RERM.

Economic chamfering of gears with the LMT Fetta
ChamferCut

B Gear cutting and deburring on one machine

All tools are clamped on ane arbor

Gear cutting software controls the production process
No machine or manual reworking

No additional machinery or tools nesded for deburring
High quality

High tool life

LMT Fette ChamferCut for optimising the production of gears
LMT Fette ChamferCut will be manufactured according to the
special requirements for your production. Please inform us of the
required parameters for your product and we will prepare a quo-
tation for the required hob and the LMT Fette ChamferCut.
Please enter your details including address and send us the
inguiry form.
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nquiry rorm Customer No. Post Goda/City R’

B e B

@M
ChamferCut

BB HMN BT Please send your inquiry to: Gearcutting@Imt-tools.com

BRInEARERENHIERTREBNE,

IZHERETE&RE:

B S —E A TR R ITER R A A T
EEMIFEEAEANNME d" TRBRESRISERR
mEHATHNES “h" EHEIEESH0.3xd

B ERMTBSENHENER "a” TUETEARKITE

“d” BERPRE

2=y (5) -7)+3

TE#ERGEFSAERIE, BENENEGEETE, E
MERLHETHRENRES,

BNWETENSENETNEA 7
We nead the following details to calculate the ChamferGut tools

¥ PW Gear data

E i
Module:

The areas of application for the ChamferCut
are determined by the machine room dimension
of hobbing machine.

The following conditions apply

for the procedure:

B One ChamferCut each is required for the top and bottom face
of the gearing

B The ChamferCut diameter "d"” can be assumed to be the same
as the hob diamster for the gear

B The distance “h" of the ChamferCut can be taken as 0.3 x d.

B The distance "a” between the gear axle and the axle of the
ChamferCut is then calculated as follows:

2 “di” = the root diameter

aﬁﬂ}((%) -hz) +% o of the gear.

Under the conditions described, it must be examined whether a

collision with the clamping element can be ruled out or whether

the clamping slement can be adapted to the requiremsants.

HfFa:

Clamping diameter a:

EAhf

Prassure angle:

HfEc:

Clamping diameter c:

W

Root diameter:

M E R
Machining allowance
per flank:

EE T
Flank direction (R/L):

HRUNIRNS
Ident-No. of the
gear-cutting tool:

&R

No. of measuring testh:

HmEER®
Tip diameter:

Wi

Helix angle:
BRERE

Base tangent length:

ROREZ

Diametrical ball dimension:

IREE
Base tangent length:

2R [H] BB
Base tangent length:

Ba

®ETH

LMT Tool Systems GmbH

Heidenheimer Strasse 84 - 73447 Oberkochen

Telefon +49 7364 9579-0 - Telefax +49 7364 9579-8000
Imt.de@Imt-tools.com - www.Imt-tools.com

LMT Fette Werkzeugtechnik GmbH & Co. KG
Grabauer Strasse 24 - 21493 Schwarzenbek
Telefon +49 4151 12-0 - Telefax +49 4151 3797
info@Imt-fette.com - www.Imt-fette.com

Warkzsugsystame ChanierCut
Tool systame ChamferGut
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Hobs for sprockets, timing belt pulleys and splines

52
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Hobs for sprockets gears

53

AR S HRRT
Hobs for synchroflex timing belt pulleys

54

BT RITREFTRRN
Hobs for timing belt pulleys with Invoiute flanks

55

HFRERRT

Hobs for spline shafis with Inveluie flanks

57

EANFRIEBEEBEN
Hobs for serrated shafts with straight flanks
for involute flank form on the component

www.Imi-tools.com
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Hobs for
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sprockets gears
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Katalog-Nr. Cat.-Nao. 2301
¥E HTHE
Pitch Roller-/barrel-& dy Iy da z Ident No.
5 3.2 56 38 22 12 1226204
6 4 56 38 22 12 1226213
8 ‘ 5 63 a8 27 12 1226231
9,525 6,35 70 45 27 12 1226268
12,7 7.92 80 56 32 12 1226286
12,7 7,75 80 56 32 12 1226286
12,7 7,77 80 56 32 12 1226286
12,7 8,51 80 56 32 12 1226295
15,875 10,16 a0 69 32 10 1226302
19,05 11,91 100 88 32 10 1226320
19,05 12,07 100 88 32 10 1226320
25,4 15,88 110 108 40 10 1226339
31,75 19,05 125 133 40 10 1226357
38,1 22,23 140 150 40 10 1226366
38,1 25,4 140 150 40 10 1226375
44 .45 25,4 160 170 50 g 1226384
44,45 27,94 160 170 50 9 1226393
50,8 28,58 170 190 50 9 2111640
50,8 29,21 170 190 50 9 1226419
63,5 39,37 190 235 50 9 2110189
63,5 39,68 190 235 50 9 2110189
76,2 47,63 225 290 80 9 2110188
76,2 48,26 225 290 60 9 2108994
) R R
on request
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Hobs for synchroflex timing belt pulleys
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Katalog-Nr. Cat.-Nao. 2342
e HHEN
Pitch | Tooth number range | dy Iy I4 da z Ident No.
T25s8 12— 20 50 25 31 22 14 1228006
725 21- 45 50 25 | 31 22 | 14 1228015
T25 46— 80 50 25 | 3 22 | 14 1228024
TSse 10- 14 56 32 38 22 14 1228033
TSse 15- 20 56 | 32 38 | 22 14 1228042
TS5 21- 50 56 | 32 38 | 22 14 1228051
L) ‘ 51-114 56 32 | 38 22 | 14 1228060
T10se 12- 15 70 | 80 56 | 27 14 1228079
T10se 16— 20 70 50 56 | 27 14 1228088
T10 21- 45 70 50 56 | 27 14 1228097
T10 _ 48-114 70 | 80 56 @ 27 14 1228104
T20se | 15- 20 a0 80 88 32 14 1228113
T20 21- 45 90 80 88 32 | 14 1228122
T20 46-119 a0 80 88 | 32 | 14 1228131
TR
on requast

“se” tHEGEEZECONP], HEMOENETFER K

The "se" tooth gap form is applied up to 20 teeth incl., over 20 tasth = normal profile.

kgl
Topping cutter

www.Imi-tools.com
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Hobs for timing belt pulleys with involute flanks
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Katalog-Nr. Cat.-No. 2352

BE HaEn

Pitch | Tooth number range  d Ia k ds z Ident No.
0,08 MXL| __ 10bisto 23 50 | 25 31 [ 22 | 14 1203010
i ab up 24 50 | 25 | 31 | 22 14 2257398
Vs XXL | abup 10 50 | 25 | 31 | 22 14 | 1203012
/5 XL ab up 10 56 | 32 | 38 | 22 14 [ 1228300
s L ab up 10 70 | 50 56 | 27 14 | 1228319
| 2 H 1418 70 | 63 | 69 | 27 | 14 | Y 1228328
| 2 H | ab up 20 | 70 | 63 @ 69 | 27 | 14 ‘ 1228337
| 7/s XH ab up 18 | 100 | 8O | aaflfg\_ 14 L 1228346
11/4 XXH | ab up 18 (115 [ 100 (108 | 40 | 14 1228355
) WEREE

on requast
prie<)]
Topping cutter
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Hobs for spline shafis with involute flanks LMT+ FETTE
N’
EumErEEEaE

lz
la
|t ' Ih TR i
cy dz:IE H-— -1~ | - =
Katalog-Nr. Cat.-Nao. 2472

m dy Ia Iy ds F Ident No.
06 | 50 | 25 | 31 22 14 | 1233819
o8 | s0 | 25 | 8 | 22 | 14 | 1233998
1 1 50 | 25 | a1 | 22 | 14 1 233937
1,25 | 50 | 25 | 31 [ 22 [ 14 1233946
15 | 56 | 2 38 | 22 14 1233955

2 | e | 40 | 4 27 | 14 | 1233964
25 | 70 | 50 | 56 | 27 |14 I - 1233973

3 70 50 56 | 27 | 14 | 1233982

4 | 80 | 63 | 69 2 | 14 D 1233991

§ | e | 70 | 7 32 | 14 , 1234008
6 | 100 | 80 88 | 32 | 14 | 1234017

8 115 | 100 | 108 | 40 | 14 | 1234026
10 | 125 130 138 | 40 |14 . 1234035

RE iy
on regquast
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Hobs for spline shafts with involute flanks

E) B () @ g fred (3] (52] (o (1)

|2 5 N,

~a
LMT+ FETTE
O’

| — | manann,
dy|de | HH-—— . § !
Katalog-Nr. Cat.-No. 2452
R
EXRT
Spline shafig
m nominal size dyq I3 [N do z Ident No.
1,6 15x12 56 32 38 22 2 | 1233018
1,6 17 x 14 56 32 38 22 12 | 1233018
1,6 | 18 x15 | 56 | 32 | as 22 | 12 | 1233018
1,6 20x17 56 32 38 22 12 | 1233018
1,6 22x19 56 32 38 22 | 12 1233018
1,6 25 x 22 56 32 | 38 22 12 1233018
1,75 | 28x25 | 66 | 32 | 38 22 12 | 1233027
1,75 30x27 56 32 38 | 22 | 12 1233027
1,75 32x28 56 32 38 | 22 | 12 | 1233027
1,75 35 x 31 56 32 38 22 12 | 1233027
19 | 38 x 34 | 83 40 46 | 27 | 12 | 1233036
1,9 40 x 38 63 40 46 | 27 | 12 | 1233036
1,9 42 x 38 63 40 46 27 12 | 1233036
2 45 x 41 63 | 40 46 27 | 12 1233045
2 | 48 x 44 | B3 | 40 | 48 27 | 12 | 1233045
2 50 x 45 | 63 40 46 27 | 12 1233045
2 52 x 47 B3 | 40 46 27 12 1233045
2 55 x 50 63 | 40 | 48 27 12 1233045
2 | 58 x 53 | 83 | 40 | 46 27 @ 12 | 1233045
2 60 x 55 63 40 | 46 27 12 1233045
2.1 62 x 57 | 63 40 46 27 12 1233054
2,1 65 x 60 | &3 40 46 27 12 1233054
21 68 x 62 | 63 40 46 21 | 12 | 1233054
2,1 70 x 64 | 63 | 40 | 486 | 27 | 12 | 1233054
2,1 | 72 x 66 63 40 46 27 12 1233054
2,1 75 x 69 63 | 40 | 46 27 12 1233054
2.1 [ 78x72 | 63 | 40 | 48 27 | 12 | 1233054
2,1 B0 x 74 | 63 | 40 | 46 | 27 | 12 | 1233054
2,25 82 x 76 70 50 56 27 12 1233063
2,25 B5 x 79 | 70 | 80 | 88 | 27 | 12 | 1233063
225 | B8 x 82 | 70 | 50 | 86 | 27 | 12 | 1233063
225 | 90 x 84 70 | 50 | 56 27 12 12330863
2,25 92 x 86 70 50 56 27 12 1233063
2,25 95 x 89 | 70 | 50 | 86 | 27 | 12 | 1233063
2,25 | 98 x 92 | 70 | 80 | 86 | 27 | 12 | 1233063
2,25 100 x 94 70 50 58 27 12 1233063
RE.L 3
on request
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Hobs for serrated shafts with straight flanks for involute flank form on the component

~a

LMT+ FETTE
O’

BEmEEE
Iz
la
G | le'w"'\'lu i
b A e e i hlwullwl' ‘
dy d{ -------- e
Katalog-Nr. Cat.-No. 2462
4T 3L
R

1 Serrated shaft

Pitch nominal size dy Iy L dg z Ident No.

0,842 7x 8 50 25 31 22 16 1233410

1,01 8x 10 50 25 31 22 16 1233429
| 1,152 10x 12 50 25 kR 22 16 1233438

1,317 12x 14 50 25 31 22 16 1233447

1,517 15x 17 50 25 | A 22 16 1233456

1,761 17 x 20 56 32 | 38 22 16 1233465

2,083 21x 24 56 32 38 22 16 1233474

2,513 26 x 30 56 32 38 22 16 1233483

2,792 30x 34 56 a3z a8 22 16 1233492

3,226 36x 40 56 32 | 38 22 16 1233508

3,472 40x 44 63 40 | 46 27 16 1233517

3,826 45x 50 63 40 46 | 27 16 1233526

4,123 50x 55 63 40 46 27 16 1233535

4,301 55x 60 63 40 46 27 16 1233544
| 4,712 60x 65 70 50 56 27 16 1233553

4,712 65x 70 70 50 56 27 16 1233553

4,712 70x 75 70 50 56 27 16 1233553

4,712 75x 80 70 | 50 | B8 | 27 16 1233553

4,712 B80x B5 70 | 50 56 27 16 1233553

4,712 85x 90 70 50 56 27 16 1233553

4,712 90x 895 70 50 56 27 18 1233553

4,712 95 x 100 70 50 56 27 16 1233553

4,712 100 x 105 70 50 56 27 16 1233553
| 4,712 105 x 110 70 50 56 27 16 1233553
| 4,712 110x 115 70 50 56 27 16 1233553
| 4,712 115 x 120 70 50 56 27 16 1233553

4,712 120 x 125 70 50 56 27 16 1233553
) BERT R

on requast
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Tools for special profiles

~a
LMT- FETTE
O’
60 ESHRTRD
Hobs for compressor rotors
61 HTFHRN
Hobs, for roughing, for rotors
62 ®THEN
Hobs, for finishing, for rotors
63 WHAFREN
Heobs for pump spindles
84 SLWA. BT, TRAEN
Profile milling cutters for multiple thread worms and conveyor screws
with special profiles
65 Rt &%
Rack tooth gang cutters
66 TREREN

Special and single-position hobs

www.Imi-tools.com
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Hobs for compressor rotors

RTREFEENN S LRORHHRT, SORNREENT
Ho

ERBRENESENEEFHHER

RFNEREHINENERORFRENEHMBERRE
;08

WA TN TS RER RN THRIFER.,
B R

n BTHR S5 NERERNM

A ERNGRR, BEREBNTREH

EALERM I FEENERTF R EROTHEFNEN
BRIHNEEHAREHEE.

HIEHRAIYE, HUHHR, REEENALRESERENE
Ro

BT T 6 AR E T 7R E R ke T £ - etk v Sk et
EFHRIHERINE ., EBRA SR E WA S T R R R T 88
WEE, XMERAFARTNERFEE, RERNFRATERE
TIRFESE L,

PHEF
Male rotor

BRF

Female rotor

7~
LMT- FETTE
e’

Rotors are the multi-thread feed screws of a screw compressor,
which are arranged in pairs inside a housing.

The meshing screw threads have a symmetrical or an asymmetri-
cal profile.

Quiet running and good efficiency of the rotors are determined by
the accuracy of the rotor profiles.

The advantages of hobbing produce favourable results in rotor

manufacture:

® High pitch accuracy

B | ow distortion owing to even, constant chip removal in all
gaps

® Trouble-free maintenance of the hob, which is reground only
on the cutting facss.

The use of this tachnology for rotor manufacture requires tha
devslopment of the required analysis programs for rotor and hob
profiles and high standards of manufacturing in the area of preci-
sion hobs.

High demands are placed on the rigidity, output, thermal stability
and feed accuracy of the hobbing machines.

The successiul use of hobs also depends on the degree to which
the tool manufacturer on the one hand and the rotor producer or
-designer on the other hand communicate with each other about
the production constraints imposed on profile shape, amount of
“backlash” instead of “play” distribution. This process then does
allow modern and economical production, when quality and out-
put depend primarily on the tool and the machine.

B =M

Rotors: face plane view

SRRy

Fiaa
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Hobs, for roughing, for rotors

B i (=) (2

" d{ | I—— 1R

~a
LMT-FETTE
Ve’

Katalog-Nr. Cat.-Nao. 2091
' RTEE HRNN
m dy Ia Iy ds F Rotor diameter Profile height

= 52 | 112 | 9 | 108 | 40 | 18 47/44,5 =~10,2
~91 | 140 | 184 | 170 = 50 | 16 86 > = 17,5
=114 | 170 | 184 | 200 | 60 | 16 10z [ m 22
=142 | 212 | 234 | 250 | 60 | 18 127,5 1 = 27,5
=182 | 285 = 299 | 315 80 16 163,2 1 = 35,5
=227 | 305 | 319 | 35 | 100 = 16 | = 204 =44

| =227 | 33 | 39 | 33 | 100 | 18 204 | = 44

BERRTRETHENERRENE The structural dimensions are approximate values for rotor

L/D = 1.85 measurements L/D = 1.65.

HiTHie, HEMRNTRANRIERAXEIRE LOEE
iR, (2EnF%)

BMTRSTER, TRAGHERTHEMMRIBRES, b, TR
W EFHEE CH I ENREHNRNET,

% EETRINMTEFHEDEE

HEfF: BAkSEARRYZNERENRSR
FENEARTINIE T L TRE M. ELESERERAR
MEEEWN A FRERIE

EHROAANEIETRENTRERNT

M REEFRERRSERANREEESHET.

= BT ERNEHFRERLHNESNEE - RN ITHRE.
B FRTHEEE, SIS TILECAHRER,

= HTRIASGENNE, NAMSFHATERF.

Whan ordering, workpiece drawings of the rotors and data abaut the
profile at the face plans (llst of coordinates) must be made avallable.

Owing to their size, not all rotors can be generated by hobbing.
Furthermore, the choice of tools is also influenced by the process
already in place and the machines which are available.

LMT Fette played a leading part in the introduction of the hobbing
process for the manufacture of rotors.

LMT Fette can therefore call upon considerable experience in
advising its customers.

The advantages of the hobbing method are undisputed and can

be summarized as follows:

® Quick and trouble-free production of rotors with good sur-
faces and accurate profiles and pitch.

B The sealing strips on the tooth tip and the sealing grooves in
the tooth root of the rotors ¢can be generated in one operation
with the flanks.

B Hobbed rotors can be exchanged at any time, thanks to their
uniform accuracy.

B Simple and economical maintenance of the tools, since the
hobs are only sharpened on the cutting face.

www.Imi-tools.com 81
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Hobs, for finishing, for rotors LMT. FETTE
h g
=) (omal (res) (22)” (B8)" (59 (-
| ] () (2] () B2 B
lz
la
d d{ |/ ——( ]
Katalog-Nr. Cat.-No.
RTELE ey T
m dy Is Iy da Rotor diameter Profile height
= 52 140 74 80 60 47/44.5 = 10,2
~ 9,1 190 124 140 80 81,6 = 17,5
= 11,4 236 154 170 80 - 102 w22
= 14,2 265 196 212 100 | 127.5 = 27,5
=~ 18,2 300 249 265 100 | 163,2 = 35,5
= 22,7 305 299 315 100 | 204 ~ 44
. =227 335 299 315 100 | 204 = 44
) ¥ ESEDIN 3068 2 I e
narrowed in accordance with DIN 3968 on request

BREFRTESTINENRAEEIE

L/D=1.65

LFPHEER, SRmsNNTE, TR SRINTRM, & THISMERH R

IR,

;i)'l’ e, WEHARTREOEBATENIENEHEBRE ( 250A

82 www.Imt-tools.com

The structural dimensions are approximate values for rotor measurements

L/D = 1.85.

The entire profile, including the sealing strip and slot, is machined in one
opaeration. The outside diameter of the rotors is ground to finish size.

When ordering, workplece drawings of the rotors and data about the
profile at the face plane (list of coordinates) must be mede available.



HRH ~a
Hobs fiir pump spindles LMT+ FETTE
W’
(== (audl (mss] (Az)” (EE)"( ’:E‘;
‘%\ W_Rﬂj l'L._ l !PI_I-I,| ‘\Wl \7(;
Ia
dy dz[
Katalog-Nr. Cat.-Nao. 2094
7 MEh%h
Drive spindle Trailing spindie
dy Ia Iy dz Zz D xd? D x d?
100 52 60 32 16 18 x 10,8 10,8x 3,6
100 55 63 32 16 o 20x12 — 12 x 4
112 72 80 32 16 30x18 18 x 6
118 82 90 32 16 3IBx 2 21 x 7
125 87 95 40 16 38x228 228x 76
140 . o8 106 40 18 45 x 27 27 x 9
150 104 112 50 18 52 x 31,2 31,2x10,4
160 110 118 50 18 60 x 36 36 x12
180 122 132 50 18 70x 42 42 x14
) e ESHED N 3068 T narrowed in accordance with DIN 3968
2 D=4 d=HE %D = Quiside diameter, d = Inside diameter
3 MEMEE 3) on request

AR R AR, SHETTREINCENSMEN T e,

HiTHed, MEHTHRIEN: TRENEERRN. HE, AE. B8

PRA-ERMRT, ERWGAHER, MR ER.

EFRTN

Drive and trailing spindles

The overall dimensions shown are recommended values and may
be adapted to the working space of the hobbing machine both in

length and in diameter.

When ordering, the foliowing workpiece data must be made

available: measursments about the profile at face plans,
outside diameter, inside diameter, lead and direction of
Iead = normally drive spindle right-hand, trailing spindie

Ieft-hand.

www.Imi-tools.com
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Profile milling cutters for muliple-thread worms and conveyor screws

with special profiles

BRTESNEEERTRIBMEHESRRIATNIEAR
.

RTHR:

BARSEBAXR, SFEJRT, SLRTREDBHT,

B1: ¥ SR, 2%, BFF;
IR MRS, ERJIE, FHE.

E2: B BEHSRBB MG,
TRk WEkT, XFEE, FH,

E3: ¥ SHESENHEBRT;
Jj*: ﬁﬁﬂ! aﬂ%- ﬁ%ﬁl

RMNAEMFRIEITERF, TG TR HA AT
Ao

MEENERYEFER, RNTEAREI4RETXHHDERE
LnsdE, A

n BERNSEH
B = PEAELERNT, 0, M E A RP M, 8, 0

EHEEmALER: TEIER
a=arcg- Hia
fan aa =tan oy - Hio

84 www.Imt-tools.com
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In addition to the usual worm milling cutters with straight flanks,
we manufacture special cutters for producing any desired screw
type gears by the single indexing method. Such workpieces are,
for example, screw pumps for liquids and gases, extruder worms,
multi-start involute worms for drives etc.

Fig. 1:
Workpiece: conveyor screw pair, 2-start, for a screw pump; tool:
profile finishing cutter, straight teeth, relief ground.

Fig. 2:
Workpiece: drive- and trailing spindle of a liquid feed pump; tool:
profile finishing cutter, staggered testh, relief ground.

Fig. 3:
Workpiece: female rotor of a screw compressor; tool: profile
roughing cutter with inserted blades, staggered teeth.

We have at our disposal universal computer programs to
determine the cutter profiles for any desired form of thread.

If the cutter profiles are not yet known, we require data in

accordance with fig. 4 about the screws tobe cut, i. e.:

B the lead of the screw H

B the coordinates in the face planer, g, ¢, or axial plane
coordinates r, a, o

Coordinates in the axial plane are found with the equation
a=arcg - His
tan oa = tan oy - Hism

AR

Cross-section in face plane

b

Cross-section in axial plane



AR &K 7~
Rack tooth gang cutters LMT+ FETTE
W’
—r ' m ":Hss"|1) i,ﬁmt-l‘in,r;m_zx‘ln :"""-] -"'nm"“
S
bs
HEWS Cat.-No. 2580
z=14 z=18 z=22
m d1 dz d1 dz d1 d2
1 70 27 _ 100 2 125 . 40
1,25 70 27 100 32 | 125 " 40
1,5 70 27 100 32 125 40
1,75 | 70 | 27 : 100 32 125 40
2 80 32 _ 125 0N 40 160 . 50
225 | 90 | 32 _ 125 40 160 50
2,5 20 32 125 40 160 50
2,75 90 32 : 125 40 160 50
3 110 | 32 _ 140 40 _ 180 _ 50
3,25 110 _ 32 _ 140 40 _ 180 | 50
3.5 110 32 _ 140 40 180 50
3,75 110 32 : 140 40 180 50
4 | 125 | 40 _ 160 50 200 60
425 | 125 _ 40 _ 160 50 _ 200 _ 60
4,5 125 , 40 160 50 200 60
4,75 125 | 40 j 160 50 200 60
5 125 40 160 50 200 60
)
on reguest

BAXERETREAEEFETASENEAOEHERERL,
AEREERELHRT, DLERREH#ESR, FTEEERT
HMEBERT. TRPHEERR FREFHE (n) .

bs=m-%-n

HNFXREMERETR (4ommiplt ) RABRMEER (3~-558BR
), ETDREAFENSETDAR, & Fmsid b, BN
RERAXER®T, LARF2561,

MGENTE, BANWMRFEDINGT21H,

ATERBLERHITE, RTHRREEESS, BNEREIRMG
FHH.

Rack tooth gang cutters are used on the conventlonal horizontal milling
machines as well as on the special automatic rack milling machines.
Standardized constructional dimensions therefere do not exist. The above
table is intended for guidance and should facilitate the selection of milling
cutter overall dimensions. The cutter width depends on the module (m)
and the number of tooth rows (n).

ba=m-7T:n

For larger cutter widths (over 40 mim) the helical-luted version is prefer-
able (3-5° RH helix}. The tools can also be mads in the form of topping
cutters. For gear sizes above moduls 5, rack gang milling cutter sets are
recommended.

Unless otherwise specified, we supply with basic profile | to
DIN 3972.

To process your order correctly, we need in addition to the gear data the
required number of tooth rows on the cutter.
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Special and single-position hobs

EUIEHREAE, BTENIGEELER, ETHMIERE
R, pEhnER, LARERREE, K B THEXE
FlHH .

EBNIELHAEENENEFEBRTEETCLETER, X
BREEIENTRT, BiTH.

HHEEEEENERTOREREERENNFTIEE,
BRABARRGEARSRNIR: Fah, Higw, S5FR,
BHR. KSR, sNER, ARET, JER,

BHEEEERERNGITEEREN, SERREERTHSK
tFARFHRAKER, RERNFEREELR. S8R TR
S B T AR B b SR GRAE H A BB i i SR IS
EHER,

MR ERRERLF, ERRTEREITNLHNERTNRKNT)
#€, DMEERRES, T MEBRITHNES SR T HNRRTES
ERRASLIERENEIENL, NRHEBMNNEEHRE
IREERHERARMN,

BUMIGENNARNENES THFEEANIEST8E
HER, URAFESNOER, RETE, » FHRAERITHE
A, X#RI#, ENELEREENREER, FEalHE
HEFERAFAMETTTER,

86 www.Imt-tools.com
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The hobbing process with its wellknown advantages is, in addi-
tion to the standard operating- and slip gears as well as gears for
belt and chain pulleys, also suitable for a large number of special
profiles, of which a few examples are shown hers. Hobs for par-
ticularly frequently used special profiles have been dealt with in
detail in the earlier sections of this catalogus, such as the spscial-
purpose hobs for rotors.

The term "special profiles™ applies to all profile types which are
not covered by a standard.

The most common types are special-purpose hobs for: ratchet
wheels, feed- and conveyor wheels, conveyor rolls, cardboard
rolls, multi-edge profiles, slotted plates, orbit gears and cyclo
gears.

The special form of certain special profiles often makes it nec-
essary to design the cutter as a single-position hob. The profile
helix is in this case not uniformly shaped over the entire length of
the hob, but the cutter teeth or tooth portions have varying profile
forms. These hobs have to be aligned in their axial direction with
the workpiece and/or centre line of the machine, to make sure
that the specially shaped teeth are meshing in the intended posi-
tion.

If the standardized profile allows it, single-position hobs can be
designed for several positions and with a greater overall length

to increase efficlency. A particular economical solution for small
profile dimensions and greater cog numbers are multi-start sin-
gle-position fly-cut hobs. With these cutters, the number of starts
and the tooth number are identical to the number of gashes.

The question if the hobbing method is suitable for special profile
shapes should be clarified in each individual case - if possible,
with the help of drawings. For all gear cutting applications with a
large number of workpieces with a profile shape that is repeated
on the outer diameter, consult the experienced engineers of the
LMT Fette development and design depariments.



TRMERRT

Special and single-position hobs

BERTREZENNTOEBRA
Examples of special profiles which can be generated by hobbing

BERATERLEMNTHERREN
Exampile of profiles which can be hobbed with single-position hobs

(@) ©
7.k

©
@)

ey

O,
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Hobs for worm gears

N
LMT. FETTE
'

70
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Hobs for worm gears
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Hobs for worm gears

SRR I T ) R < AR R R AR B B M E

ATEBEENRTEGRTERETEFR TN IRRNRIERR
BATEVEHEESARMTFRADERER, HFEFWM
I, BInEEAERESE/N, Bk, WESTIFEEEE
FHREITHAXTERANTERLE, XTRYEEEH. &
B B Sl A P T R B R o

— R RTINS 7] A S T LA T3 kK

BRNEREE
SHREELR
e
e
+
2 x iGN
2 « TRABPIRL
EBBR

RREINERERAZBEDRANERERTRH, REFREDH
EBXTESEDINIO7SHENiRE, HERFEHFKX, EZA,
ZN. ZIFZKE G AR,

ZARBAFENRBERELRRE, SRHEREAZERIELEER
FHZAMIHN, EROENDEERRTEL.

B ZNERST, EANERELEGE, SHERRLYERERES
HAAN, EHSEERTRENERAN. EHANAET
ErEHSRARANTEL, KWFEERERATRMIEE
M=%,

B ZIERHETFOLZRFEEREITERHENT: A%
B BRI ESR, BERSKHMEFENETEER
WREIENR “a" EMIFEM,

B ZKERMAEMFER—TOHNE, XTEAFERENDT
RA—ITFHASRENBRETERE, H5THSEAFR
HEN a2 EdBenss, shaEsm
WA R TS o
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The specification factors of worm gear hobs are determined
essentlally by the worm gear data.

In order to prevent edge bearing of the driving worm in the worm
gear, the hobs used for producing the worm gears must under

no circumstances have a pitch cylinder diameter that is smaller
than the centre circle diameter of the warm. Owing to the relief
machining, the diameter of the hob is reduced by sharpening.
The pitch cylinder diameters of the worm gear hob in the new
condition must therefore be greater than those of the worms. This
dimension is determined as a function of the module, the centre
circle diamster, and the number of threads.

The outside diameter of & new worm gear hob is thus calculated
as follows:

Centre circle diametar
of the worm
&
Piteh circle increase
+
2 x addendum of the worm
+
2 x tip clearance

Flank forms

The flank form of a worm gear hob is determined by the flank
form of the driving worm. The various flank forms are standard-
ized in DIN 3975, which distinguishes between ZA, ZN, Z] and
ZK worms, according to the generating method.

B The ZA worm has a straight-line flank profile in its axial
plane. This flank form Is optained when a trapezoidal
tuming tool is applied so that its cutting edges are in the
axial plane.

m Thea ZN worm has a straight-line flank profile in its normal
plane. This flank form is achieved when a trapezoidal furning
tool sst at axis height is applied so that its cutting edges lie
in the plane inclined by the center lead angle and the worm
profile is generated in this setting.

B The ZI worm has involute flanks in its face plane. This flank
form is produced, for example, when the worm profile is
generated by a straight-lined cutting or grinding elemant
whosa axis is inclined to the worm axis by the center lead
angle and to the normal plane on the worm axis by the
pressure angle “oq”.

B The ZK worm has a convex flank form in the axial plans. This
worm form is generated when a double taper wheel trusd
under the pressure angle “og” is inclined into the center lead
angle, where the line of symmetry of the whesl profile passes
through the intersection of the axes and generates the worm
profile in this pesition.



BitiRe s, THEENNER, UTRERERANER.
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HERY, BRLOEFESEAOEETE, SWRENEHE
HETUETER.

T Emigit
RBRTTELMRAR, LWTRBMNHER:
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Tuming tool

2155
Zi-Worm
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Besides the standardized flank forms, there are special forms, of
which the hollow flank form is the most used.

The above worm profile forms can also be used in Duplex
worm drives. Duplex worms have difisrent leads on the left-
and right-hand flanks. As a result, the tooth thicknesses on the
worms change continucusly in the course of the lead, and an
axial displacement of the worm in relation to the worm gear
makes it possibis to adjust the backlash.

Processes and designs
Worm gear hobs are available in a range of designs. A distinction
is drawn between the following types:

9
Tumning tool
ZN-SRF
ZN-Worm
o
do
] (<
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Hobs for worm gears
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ENREER. EnTRER, EgERTAN, SE8NER
XRVEERE, IRTUREERNCEHR KMPHAER
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HETIR. ENHEERNEEEA, ARUBRSHEEH
o EAEFEERAL 6 &8 7) 40 B R IF — B 754~ 46 v F Sk n
TG EFEMIZN, BREALHEPLHE, BIMiER
REXBSSAYREYS. ERETSENESRE, REER
R EE RN L REERITEN, B TFREERTANT,
BENIAEEEEAMTRABRNEEIER,
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MAIRET . RIETTHENERN & EREE— T RiTHER
7, AMXRNENILEERENERE, GEUNEENEHB
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Worm gear hob for radial hobbing

DA
Duplex worm gear hob
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Radial method

Cylindrical hobs are employad for this methed. The hob enters
the worm radially to full tooth depth, and can be displaced tan-
gentially by a small distance in order to improve the enveloping
cut on the flanks, This hobbing method has the shortest machin-
ing time and is generally employed for worm gear hobs with helix
angles up to approximatsly 8°. The cutting edge length must be
at least as long as the penstration length for the worm gear to be
machined. Longer hobs can of courss also be shifted.

Tangential method

This method is suitable for single- and multiple-start worm drives;
the hobbing machine must however be equipped with a tan-
gential hobbing head. The hobs have a relatively long taper lead
section, which must remove the greater part of the metal. The cy-
lindrical region contains one or two finishing teeth per hob start.
The heb is set to the centre distance prior to the commencement
of machining, and the penetration range between the hob and
the worm gear must then be traversed tangentially. By selection
of suitable feed values, the enveloping cuts which determine the
tooth form can be medified as required. Owing to the long tan-
gential runs, this methed resuits in substantially longer hobbing
times than the radial method.

VRN HRRRN
Worm gear hob for tangential hobbing

ERnnIfFNREn
Shank-typs worm gsar hob for radlal hobbing
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RAEEPHEE

HHACNCHEEEENEARFETTERSHRGEAELZIFNN
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FliniEd X R METEREL. HRMEREFREHHEM,

FHNMTHERATEREEDNET], SMBEANETRGHEOE
T ¥, SEREREAN (ATE ) EARERERRE
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EE—REANEIRDETHTEE. RERETRBERE
wXAARATOCERNT AR EN TRIETER, EIARE
EBRIGERE, EM<ETRUR
RERHERESABESME.

BEFERAEATEAR7IER, BkSEEnnaEIHEK,

EMENENIHEERRA.

WM mEMes

Contact lines on the warm gear flank

BA B
Leading end Leaving end

T IrTITT L T
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Shaving worms

For high-precision worm gears, shaving worms ars also em-
ployed for finish profiling of rough-hobbed worm gears. Shaving
worms have pitch circle enlargements of only a few tenths of a
millimetre, minimum relief angles, and a high number of gashes.
Of all worm gear hobs, their dimensions most closely resembie
those of the driving worm, and they therefore alsa produce the
best bearing contact patterns.

Radial Method
with constant centre distance

The use of modern CNC hobbing machines has enabled LMT
Fette to develop a method which permits the use of economical
tools. The worm gear hobs used in the past had to be re-adjusted
each time they were reground, i. e. the bearing contact pattern
had to be relocated. This entails high production costs.

In the new method, cylindrical radial hobs are employed, with
flanks that are axially relief-machined. The usual tangential hob-
bing is thus replaced at higher helix angles {> 8°). The tool sefting
can be calculated as for the new condition. The setting Is opti-
mized when the tool is first used, and the tool is then used with
the same centre distance and tool cutting edge angle over the
entire lifespan.

By careful selection of the arrangement, a bearing contact pattern
is produced which can be attained reliably by each regrind ac-
cording to the requirements of the worm gear.

Since the tools are radial hobs, this hob concept has the advan-
tage of shorter hobbing times in comparison with conventional
tangential hobbing.

£

o £

KeEiR E

Engagement area :

BA WIF g
Leading end Leaving snd

HEERE

Axial pitch
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Hobs for worm gears

i & Rk RS
BEBREHABSEBNESSNEIE. Sl K. SEBE
LB BB E E

RE, EAERAHDAHEATHUREN LRGBS HRD
SRitu

EXFEWRT, EMXARTXNREATEB50%E70%,
FETTEARNRFRSENDENMELBNEARENTIRE
%

HitREN SR ARERR T HATA RSN RERT, 2
RESTEY, ERPIESEEEEBERAERRE, NRMH
EHAEENMRYT,
EFEREMTEEAZEMXRTXNEME2MAT1. A EigE
W, Gt PR 3 7] R TR B R B FETFER 8@ i3t
FHETENLE, MAIERBXNBE, RNGERTREE
TR RGN, THSHNTHRAHAEMNTNAR,

ITER1AA:
BRENEMIHTUHRSERERRHENALET, BT
HEBEHXRT . BEEDTMER SN EBRETHARNRI,
ERMERITHEEHAN, EWEE, BorEmTeERERT
RET, FANETHERARARFMNINERAAXKISEER
HARTEE. MREAMEART], BERBPRREEER
SR ENARENERITIMTRHHR

W E RSN
Topography of the worm gear flank

SA
Laading end

N

SRFTRE S - [E Y E)EE
Distance betwesn worm and geer flank

= 0,005 mm
= 0.005 mm
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Engagement area and bearing contact pattern

The assantial variables which determine the tooth form of the
worm gear and the engagement area are as follows: module,
number of teeth, profile displacement, and the associated worm.
The complex computation of the engagement conditions in the
worm gear can now be performed very precissly by means of
powerful computers.

In practice, bearing contact patterns with a pattern contact
area of 50-70 % are desirable. The LMT Fette software enables
our specialist department to produce the optimum tool design.
Worm gear hobs with high numbers of starts can thus now be
designed very accurately and reliably. It must be pointed out
however that the engagement arsa is determined in advance by
the gear manufactursr, and can only be reduced in size by the
tool manufacturer. The bearing contact pattern during hobbing
must be generated such that an contact ratio of > 1 is produced.
Cases in which the user is presented with a tool adjusiment
proklem can be simulated theorstically by LMT Fette on the
computer. A corresponding correction can thus be mads.

Our applications engineers ars glso available for on-site
assistance.

Selected calculations are shown in the diagrams.

Instructions for ordering

Worm gear hobs can be manufactured as bore-type hobs with
keyway or drive sict, or as shank-type hobs. Generally, prefer-
ence is given to the less expensive bore-type hobs. However, if
the hob diameters are very small and the profiles very high, it may
be necessary to select a shank type. The diagram on the right
can be used to determine whether a bore-type hob is suitable

or a shank-type heb is required. If the shank version is select-
ed, please quote the make and type of the hobbing machine and
the dimensicns of the working area or of the shank-type hob, as
shown in the diagram.

N
Leaving end

0,010 mm bis 0,015 mm
0.010 mm to 0.015 mm
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The component dimensions cannot be standardized for the rea-
sons given above, They must be adapted to the technical data of

BEFUERE, FRENRTTEZRFEL. BIHRTHE
HERISTHERERUERETIEER,

the drive worms and to the hobbing processes.

The following information is required for manufacturs of thess

HERTHERREUTHEME: hoba:
LR ok B Axial module
EEHE B Pressure angle
B g EER B Pitch circle diameter of the worm
B Number and direction of starts
= R AR SE B Flank form to DIN 3975 (A, N, | or K)

H DIN39754r B AEME(A, N, IHK)
LR EE AT PR R E R R R,

MERMER, BETTEUTEHEREN.

The above data can of course also be supplied in the form of
worm and worm gear drawings.

Unless otherwise specified, the hobs are designed as follows:

WARIN =T, 200m B Addendum=1.2xm
EEEH=24xm ® Tooth height = 2.4 xm
LE-Art ) ® Non-topping
=GR E ® Tooth profile relief ground
EEHGHNEERIS A KA NRE ® Cylindrical hob for radial milling up to a lead angle of approx. 8°
B Hob for tangential hobbing, with lead on the leading end, if
» B EMGDERT FARATOE leacl et B
AWM SHZET
Bore-/shank-type hob
WiR~ 134
Shank dimensions
12 Ze= %
Al
'?Jrﬁjmlzd the — 1,§§§E¥ L | | o= ?itﬂﬁcﬁle diameter
ﬁ:ﬁtsrmnge:t?aj | — State If known to the
hobbing L parson ordefing el
g4
8 4
(MR
Pk
Taper lead on the 7 4
ieft tangential  ——{,_ ...

hebhbing

8 tm)
Module (m)
o

T
kA 4
without taper lead EiE
radial hobbing L
|efi-hand cut L B
. e Fla.l
4 ds ; 1 | 3] @ d17dg 2] || Shank-type hob
| I 8 necessary
4 o
s e |
L. |right-hand 8 Ly 1
at W
La“c LD
L0 6 7 8 9 10 11 12 13 14 15 16 17 18
R @9
Figure for form (Zf)
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Hobs with indexable carbide inserts for spur gears

78 THARREEE
Hobs with carbide indexable inserts
81 iR
Versions
83 Hix
Inguiry form
84 MR FnT
Roughing hobs, Pre-machining
85 S Wi

Skiving hobs, Finish-machining
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Hobs with indexable carbide inserts

A0BELE, BNNIEACEMATITRERERSSHEY
HAR, ZENARARERX, ERNEBRRATHELENRE
\igitT. XESUHTHRFLEERNEAMLASE, X
TR MR M FEAFIY

w5 R A

m R AN 7]

B 100% i 5 BT

= ELIHI e R

B aFE, TRETRTRAZTHNT

= T H Y EH R AT R I T

B ERESHHY, LASENRERFAS
BRAFNTRUERSSNANHARENAR

BETHE, ERFESARAGEK -T2 ERENTREILT
":

= m6~100FE PG, NEER

= me~ASMEYIFEY, ELAMELET
m HF T

= EBRNERTE

RAMNARTHEERS ST FHERREERE N T XA WHNE
%, SERRUBELHMH T EWRERNEHMEHARSRE
EMER, ERFAERIERAAERTERSEESHE, B
HEREmAMGEHES. BERESTEACNILRA: 4F. &
AR, EAMTEN.

An T EtiE
Production time

SR 30 40 50
Number of teath

" HANTEARBR THE I T b A
Gear profile depending on the number of teeth

2 SRS A SR T R RTIN R B GR T E A
BRI T trt B
The application of a gear milling cutter or ICI hob in this range is
depending on the application data from the customer.
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For over 40 years, our engineers have been developing gear cut-
ting tools with indexable carbide insert. Cutting inserts used to be
soldered, but nowadays they are usually constructed as index-
able insert designs. This enables perfect matching of the cutting
material and the geometry to the individual application of the tool.
The benefits of this technology are characterized by the following
criteria:

Quick availability

Quick change of the cutting edges

100 % reproducible quality

Enables high cutting values/labor valuss

Economical, due to indexable inserts with multiple cutting
edges

Optimization of the material to ba machined

Matching of carbide substrates, geometries and coatings
Innovation on existing tools with new indexable carbide
inserts

On the following pages, LMT Fetts offers you a comprahensive
range of tools with indexable inserts for:

B Segmsented tooth form cutters, moduls 6 to 100 for
roughing and finishing

B Gear hobs, single and multi-start versions, module 6 to 45
for roughing and finishing

B Rotor milling cutter

B Special solutions

Our modem indexable carbide inserts technology enables

us to achieve supsrior accuracy classes for the finishing of

gears. Process reliability and short machining times are the main
criteria for the manufacturing of gears today. Find out more about
LMT Fette’s know-how on the following pages. Our experts will
be happy to advise you. LMT Fette indexable insert systems:
Innovative, high-performance, universal and reliable.

HnT/MnT
Roughing-/Finishing cutiers Quality
TSR E ]
8Sn up to wheel quality 9
R 6-70
Gear mlilling cutter with
Indexable inserts
| Module: 6 10 70
ICIRA
. 8-45
Ein- und Zweigangig
IC1 hob
Module: 8 to 45,
One and two-starts

| B/C bis AAA/A
B/C to AAA/A

r

ERFENEEHERNANTREN
Other gear cutting tools LMT Fetie product range

T L
@ ChamferCut

R
i Solid hobs
RS AOAH

Other modules on request.
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Hobs with indexable carbide inserls

Blekl iR EM T AZF IR SRR ITREE,

BitER SR REERE & TR 540 AR ETRES
H&d. ZRENEEAAN, TRERVREETHRARESE.

EENTEERTRLEY, AXERAHE, ENETHEER
FHBIME, B4 NEINERRSEASENR. ¥FAE
®, ENTHEIRERBIHRAER. BERTEERLL
BEETRAHERME.

LERBEI A, XE7RERS T 5 AR BN RN
HeReEl .

BB RHIIE, FRAERTIVEKEDTR, XERTE
THIME. SRELETAREETHESSHERABEE,

ATHDEAREERSSTIR, ERNEKAESFHRAIERER
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The hobbing of gears ferm module 6 onwards can be carried out
extremely economically with these modern tools.

The design concept is the combination of the known advantages
of the hobbing process with the performance of carbide and the
economy of indexable inserts. Using indexable carbide inserts,
large volumes of metal can be removed within a given time at
high cutting speeds.

Regrinding, which is necessary with conventional hobs, is elim-
inated. This saves the cost of sharpening and of tool changes.
The wear marks on the individual cutter teeth vary according to
the process. In the large-gear sector, these can only be partly
equalized by shifting. Hobs therefore always contain teeth with
different wear mark widths.

When using inserts, only these inserts need to be indexed or
replaced which have reached the maximum wear mark width. To
change the indexable ingerts or the segments, it is not necessary
to remove the cutter from the machine. This results in short hob-
bing machine downtimes.

Changing the indexable carbide inseris also makes it possible to
ratch the carbide grade optimally to the gear material.

To uss these carbide tipped tools successfully, it is necessary to
have hobbing machines which offer sufficient rigidity as well as
the required speed and drive power.

www.Imt-tools.com 79

‘Willzfriear mit Wandephadton
Hobs with mserta



AR & R

Hobs with indexable carbide inserls

1]
ERMTRENFEINCE 17, EELHRARTE L&
MAHREEREEIR, REETERETRRENENTE
B,

Bl 714 ER—R@QEME, MEANERENEHSERTT
B,

BEAEEAAEEHERS BRAKAERTNEEE, HNER
BXREA, N&ELETRITEESENRNSISTRERL
B. TREEIRTEEEN &KL BUERSSTHHTIEE
Tk B mEE.

IMBFBERIE, &L, THERZELIN. XTHEERE
EREN& LB RN RERDMERS EMLTE S B TR
h, TREEREAETRPHAREEETIROA T, THETR
ERFANSAREFARBRTMERHRY. ZTHTHHE
HEABENTER, TREAFRERSSRITUEER EH
FERSan (RTHFER) .
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Construction

LMT Fette carbide indexable insert hobs consist of a cutter body,
onto which the tooth segments are screwed and indexable car-
bide inserts. The latter are held by clamping screws in the insert
seats of the segments.

A helical groove has been recessed into the cylindrical cutter
body. The flanks of the groove ground according to the cutter
lead. The parts of the ground cylindrical shell which remain
between the groove windings act as support surfaces for the
tooth segments. Cylindrical pins amranged in the tooth seg-
ments are guided in the groove and determine the position of the
segments. The segments are fixed to the cuiter body by inhex
SCrews.

The seats for the indexable carbide inseris are arranged tangen-
tially on the tooth segments. Within a segment, the seats are ar-
ranged alternately if possible. The purpose of this arrangement is
to keep the axial reaction forces on the cutter and the tangential
cutting force components on the gear as low as possible.

The indexable carbide inserts must completely cover the cutting
adges of the cutter tooth. The necessary numbser of indexable
inserts and their arrangemsnt depend on the dimensions of the
insarts and on the size of the gear. To render the pre-cutting of
the gear optimal for skive hobbing or grinding, the carbide hobs
with indexable inserts can be made so that they produce both a
root clearance cut and a chamfer on the gear (see fig. below).
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3>  E£=#% Productivity
Hnx

Pre-machinim_;

HiB1sUF
HFOAdERT

Roughing with a protuberance

Zait _ TO%TELETH 75 % In the tip

AT A I 4/4
Cutting edges of indexable inserts

WEEWE Accuracy class _ B/C

R Gear quality 10-12 |

£=% Productivity ' 75 %

> &=k Productivity

100 %
4/4

B/C |
1012
100 %

Hinx

Pre-machining

v

X168 TF
HOosmERT

Roughing with a protubsrance

4D H] El

.

Zai 75 % im Kopf 75 % in the tip

TR A ST 47474 |

Cutting edges of indexable inserts

WESE Accuracy class B/C
IR Gear quality 10-12 |
&% Productivity 7 75% |

3 &% Productivity

#Mnx

Finish-machining

Finish-milling

A\ ol

7%

Ze | 50 %

EIE: vl k] 4/4
Cutting edges of indexable inseris

WEESE  Accuracy class ’ AAAA
[ s@iltuptc8 |
= Productivity [ 50% |

R Gear quality

FEDARTSRERRIIRY

BT AT DRl

All tool dimensions in accordance with structural dimension series.
2-thread tools available on request.

100 %
4/2

AAA/A

egilbupto8
100 %
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Hobs with indexable carbide inserts

T 7] - R R AR T
BIERaaTRENRENNERTEEERHEL LB
TaERE. REMNAEMEERABONERT: TRUFH
EEEFEREENHOHXAEFNRERENERRE,

1o}

m REMNTER

B HRENNTHE, BHEFE

m R EF

= REMNEERA

= 715 % AR

m IRERAFEGK

B EEFAENERNT ( SEXHAER )
uREDE

B ERERNTRE (MBS TIN ) —EKEeS
EERASTHEUTIANEEER

B EENERSSHENRE

Fium | = 1265+6h

Saving = 128 min machining time

ESHE: HSTRRESIM
Guideline: Depth of feed marks 5 pum.
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Double-start hob - the fast solution for quality

Single-start indexable carbide inserts hobs (ICI) are easy-to-use,
technoleogically advanced and optimized. We are shifting gears
for you with the double-start Indexable Holb. This innovation
allows you to reduce your production and set-up times, while
achieving a better surface finish and gear profile accuracy

on top.

Benefits

Lower machining costs

Shorter manufacturing times, higher productivity

Safe production

Low set-up costs

Low tool costs

Long tool life

Design with different profiles

(already realized 6 profiles)

® No resharpening

B High gear cutting quality (small feed markings)
- up to Quality 8

® Optimal changing of carbide indexable inserts

B Adjusted carbide types and coatings

Blim: mim—1 0
Example: Flnlsh hobbing a gear rim

185 Module m : 12

EH#g Pressure angle E« : 20°

54 No. of teseth z 23

t4® Gear width b : 150

+#H Material 42 CrMo 4
IN Tools

bob LIRSl §g o 9]

Double-start gear hob with indexabla carbide inserts
$ME Outside diameter 280
2R Number of gashes eff. 16
3% Number of starts 2
E{aR7 ,

Heavy duty of roughing hob

$}42 Outside diameter 220
PE% Number of gashes 22
38 Number of starts 2
VIR Cutting data

28 110 35 40 181 55
TIREE REEAEE A a]
Cutting speed Fead rats Production time/
V. m/min fa mm/WU Hobbing
min
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3] il
Company Street

e EpEAF R
Gustomer No, Post Code/Cliy
E3 BTWE
Name E-Mail

Wendeplatten-Wilzfraser fiir Stimrader und Zahnwellen

Hobs with indexable inseris for straight gears and external splines
1025 4R 0938 1 B Bl : Please send your inguiry to: Gearcutting@Imt-tools.com

ERIIRES:
LMT Fette-ident-No.:

IHEEHS:
Workpisce drawing No.:

BHHR:

Part material:

Bk SR -
Tensile strangth:

TEEERS:
Tool drawing No.:

Arid I R m () : O Oz O3
Quantity (pisces) O4 0O
O Module ODP OGP
O#5 B Pitch:
Ehf

Pressure angle:
O%8hn .3 71 Roughing heb
14850 T8 71 Finishing hab
EBEEE

Basic profile:
O ,1“ DIN 3972 [0 ,2" DIN 3972
[ ,3“ DIN 3972 O ,4" DIN 3972
[ DIN 5480 OISO 53
[ BS 2062 [ Sonderprofil
0 AGMA 201.02-1968 Other profile
O AGMA 201.02-1968 STUB

OBHERBLSH:

From part data:
O DEEE:
From tool profile:

LA R O yes

Semi topping O no
ERER O yes
Protuberance O no
T i i L& yes

Tip relief O no
i e 2 [N O & ves

Fuil radius O%F no
#&iE Notes:

R#4-$% Part data

HRTIRUTCAR
Baslc tool pml'l!\s lina

b

HER
Semi topping

WIS PN

BESSN OAA OA O &#r Module ODP OCP
Quality grade OB OB/C O FEE Piteh:
HFR%EE [ DIN 3968 oo
To standard O AGMA OBs Numbser of teath:
HER A Ehfa:
Non-gtandard tolerance: Pressure angle:
e L 4..5::H
Number of starts: Helix angle:
| O e right BT -
Direction of starts [IZERE left Tip circle diameter:
S (d): VAR
Qutside diameter (dq): Root circle diameter:
WEI 74 (a): HHETMEER
Cutting length (): Effectiva tip circle dia.:
TIR B (h): HEREHEEE
Overall length {I4): Effectiva root circle dia.:
AALER d2): SR
Bore diameter (dg): =% &
AL F_ladial amount of the
Number of eff. teeth: tip chamfer:
BE [ AL2Plus AEENER:
Coating [ Nanotherm Stock per flank:
i DEEELH:
g;ﬁg;‘;ﬂ? rng 138 Number of teeth for checking:
Keyway DIN 138 Lk ek B Tooth width:
OFHESE DIN 138 Rl finished
One right-hand drive slot DIN 138 & milled
OX&ETES DIN 138 3
Cne left-hand drive slot DIN 138 gﬁéﬁ?m dia.:
O R Lt
Two drive slots BREEE
= Diamstral dimension betwean balls:
b
HURHE: 3R milled
'Lype of machine: B -
mAEITKE: Diametral dimension between pins:
max. shift length: fa finished
BEXTNENHE, AL ik milled
max. tool diameter: 43 5 ] 57015 M Tooth thickness:
BMATIRIKHE: S EEERS
max. length: Pitch line dia.
ORFXPHE wet cutting i B (mm):
OF 508l dry cutting Gear width (mm);
PHESR:
S e . Workpisces p.a.;
wd s rance flank
s bt eil. B

-
Tapg

P={GR =
P'= Modula - &

i
B
1=

e

LMT Tool Systems GmbH
Heidenheimer Strasse 84
73447 Oberkochen

Telefon +49 7364 9579-0
Telefax +49 7364 9579-8000
Imt.de@Imt-tools.com
www.Imt-tools.com

LMT Fette Werkzeugtechnik GmbH & Co. KG
Grabauer Strasse 24

21493 Schwarzenbek

Telefon +49 4151 12-0

Telefax +49 4151 3787

info@Imt-fette.com

www.Imt-fette.com

max. feed mark:

TREEIEHESE

Tool basic proflle data
BTN B po/2 (harok:
Addendum at p/2:

2% Depth of tooth (hpo):
7 T B 34 Tip radius (gapo):
HriR [E 348 Root radius {opo):
8% Depth of cut (fri);
Bz Preo):
Protuberance amount:

148 & B (hemo)t

Height of semi topping:
HRBE (okro):

Profile angle semi topping flank:

'Weilzfraser mit Wandaplattan
Hulss with Insarts
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Roughing hobs, Pre-machining LMT- FETTE
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) = ()
==l
la
la
I——.
d dzjlz --------
Katalog-Nr. Cat.-No. 2163
{1 £ oh |
NEHRAR ffg Drive slot Keyway
m d, Tooth raws Z,if il ) la Iz Iz dz
5,5 270 30 15 15 120 180 165 80
(+] 270 30 15 15 130 190 175 80
7 270 30 15 15 152 215 200 80
8 270 30 15 15 174 235 220 80
9 270 30 15 15 196 255 240 80
10 270 30 15 15 217 285 270 80
11 300 84 17 17 289 300 285 80
12 300 34 17 17 261 325 310 80
14 300 34 17 17 304 370 355 80
16 300 34 17 17 348 415 400 80
18 300 34 17 17 392 360 445 80
20 300 34 17 17 436 505 490 80
22 360 38 19 16 415 485 470 80
24 360 38 19 16 453 520 505 80
5,5 240 26 13 20 123 177 165 60
6 240 26 13 20 135 192 180 60
7 240 26 13 20 157 212 200 60
8 240 26 13 20 179 232 220 60
9 240 26 13 20 202 257 245 60
10 240 26 13 20 224 282 270 60
11 270 30 15 15 239 297 285 60
12 270 30 158 15 261 322 310 60
14 270 30 15 15 304 367 355 60
16 270 30 15 15 348 412 400 60
22 SH
24 5 convolutions
5,5 210 23 12 18 123 176 165 50
5] 210 23 12 18 135 191 180 50
7 210 23 12 18 157 211 200 50
8 210 23 12 18 179 231 220 50
9 210 23 12 18 202 256 245 50
10 210 23 12 18 224 281 270 50
11 240 23 12 17 239 297 285 60
12 240 23 12 17 261 332 310 60
14 240 23 12 17 304 367 355 60
M REREE
on request

www.Imt-tools.com
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Skiving hobs, Finish-machining

=1= U3

D]

dy dzjlz

Katalog-Nr. Cat.-No.

~a
LMT-FETTE
W’

2153
Wi s
NiHEFI% f Drive slot Keyway

m dy Tooth raws Zait = I3 Iz I d2

5,5 270 30 15 15 120 180 165 &0

6 270 30 15 15 130 190 175 80

7 270 30 15 15 152 215 200 80

8 270 30 15 15 174 235 220 80

9 270 30 15 15 196 255 240 80
10 270 30 15 15 217 285 270 80
11 | 300 34 17 17 239 300 285 80
12 300 34 17 17 261 325 310 80
14 300 34 17 17 304 370 355 80
16 300 34 17 17 348 415 400 80
18 300 34 17 17 392 360 445 80
20 300 34 17 17 436 505 490 80
22 360 38 19 16 415 485 470 80
24 360 38 19 16 453 520 505 80

5,5 | 240 26 13 20 123 177 165 60

6 240 26 13 20 135 192 180 60

7 240 26 13 20 157 212 200 60

8 240 26 13 20 179 232 220 60

9 240 26 13 20 202 257 245 60
10 | 240 26 13 20 224 282 270 60
11 270 30 15 15 239 297 285 60
12 270 30 15 15 261 322 310 60
14 _ 270 30 15 15 304 367 355 60
16 270 30 15 15 348 412 400 60
22 1.}
24 & convolutions

55 210 23 12 18 123 176 165 50

5] | 210 23 12 18 135 191 180 50

7 | 210 23 12 18 157 211 200 50

8 210 23 12 18 179 231 220 50

8 210 23 12 18 202 256 245 50
10 | 210 23 12 18 224 281 270 50
11 240 23 12 17 239 297 285 60
12 240 23 12 17 261 332 310 60
14 240 23 12 17 304 367 355 60

W BAEHE hgy=1,15 - m, pag=0,1-m
Basic profile hyg=1.15-m, g =0.1-m

www.Imt-tools.com
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Gear milling cutters with indexable carbide inseris

88 THARRES SRR
Gear milling cutiers with indexable carbide inseris
82 ME/AS
External milling/Internal milllng
84 A EE 716 AT R
Sagmented gear milling cutter reduces tool changing times
94 DN RE T A
Indsxable Ingert with 8 Poaltlve cutiing edges
85 - Lig
Inquiry form
96 &N
Gear roughing cutters
28 HTFEY%N
Gear milling cutters for roughing for rotors
99 HEOBISN

Cutting data recommendations
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Gear milling cutters with indexable carbide inserts

&M
ERUMNER

EEMAGROEDPERBEA—EXNRE, SEERE
WHTFRETL., BATEUNEARBRTIL ., EREERE
R, AERRMESPTEREERER. SERANREARER
FANTITE, —A&HEME, ERES—EHNFRRNERT
REEr. £3HA, BINERGRERTRNIEIARTED
BOARNEWHERHEHNERSNA. BE, NTTEH
HELENNIREREFPREENER. ARGERMNTEES
WEUTIRGFER B mF=%, BRI R B G 23E E e
IEmmIARRENRMERET.

WIRFERER . W, A9, EA. RETERR.

~a
LMT-FETTE
W’

Productive and innovative:

Gear cutting sxperts

They can be found wherever large loads and forces ars in moti-

on: large gear units. These units are used in industries such as
wind energy, marine industry and machine construction. In these
gear units, the gearwhesels, with external and intemal gears, work
with the highest precision. These components are produced with
different manufacturing processes. For mora than 100 years, LMT
Fette has been manufacturing gear cutting tools for the production
of large-module gearwheels. During this tims, our customers have
been relying on our know-how gained in the development and use
of state-of-the-art tool technology.

Today, process safety and short machining times are the most
important criteria for manufacturing. Modem gear cutting machines
use tools with indexable insert technology for this purpose. LMT
Fette offers a comprehensive range of hobs and gear milling cutters
for roughing and finishing machining operations.

LMT Fette gear milling cutters: Innovative, powsrful, universal and
reliable.

www.Imt-tools.com
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SICHE 7] WAt

Comparison
LMT Fette ICI hob /
LMT Fette gear milling cutter with indexable inseris

MIMW
Production time

30 40 50
%
Numbar of taath

T RTEARBLA TN T e At
Gear profile depending on the number of teseth

2 R IR T T A 3T N A TR S
BHOHIN T B,
The application of a gear milling cutter or IC| hob in this range is
depending on the application data from the customer.

HRET(EHEMCIRTHTHA TEHRNENT . NTEE
XFEMIIRB R FEMT Rt RN,

HiEBmElRk, BERASN, RENMEER. LERD
#HEB, REYPRIE, AERRNESE. L EEARKES
EMEFRERTR,

ABERENSEE, GRENTLEETNREMAEEETR
FFEfER A EELLICIENELE.,

WRENTHRBEAERTRITAENINRNIANE. LTH
FRPMIRTHERNIER, ERFERBTUERENEERA
ftig,

HWEER TR nIER
LMT Fette product range for large gears

#HinT/MAnT
Roughing-/Finishing cutters Quality

Ak | BRiom

%N up to wheel quality 9
8. 6-70

Gear milling cutter with

indexabls inseris

Meodule: & to 70

ICIi%7]
"i’ il 55-45

13623k

ICi hob

Module: & to 45,
One and two-starts

WRER

| B/C bis AAA/A
B/C to AAA/A

BRI RN~
| Other gear cutting tools LMT Fetie product range

& ERNR%
{ ﬁ ChamferCut

| W
‘ i Solid hobs
|

T S

Qther medules on request.

For the roughing of gears, bath gear milling cutters (single tooth
method) and IGI hobs can be used. The selection of the best type
of tool depends on the lot size to be manufactured and the cor-
responding number of teeth. Gear hobbing is the most produc-
tive method for cutting large-module gears with a high number
of teeth. Gear milling cutters are especially to be preferred for
low numbers of teeth or small lot sizes. The diagram contains the
guide values for the selection of the appropriate tool.

From a cost point of view, gear milling cutters are more economi-
cal both in terms of the tool procurement costs and the recurring
costs of the indexable inserts than hob cutters with indexable
inserts. Gear milling cutters are technically characterized by the
possibility of being designed as a roughing cutter and & finishing
cutter. The roughing cutters listed in this catalog include the di-
mension series which are offered by LMT Fette with short delivery
times.

www.Imt-tools.com 89
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Gear milling cutters with indexable carbide inserts

HAEMERANIAREZRPEARARN. HRRTHEY,
HIRSEMIEE, MYEgETEeREXLAER, SxtEE
JRERm,

MBI kidRn BRES2667

AREERaSR
Gear milling cutter for roughing, Cat.-No. 2667,

with indexable carbide inserts

MERETIMI AL

2% ,08312x260x @ 120 mm, 82 R ATEEN K

Profile roughing cutter for rotary pistons (Roots blower)
2-section, 312 mm dia. x 260 x 120 dia., 92 indexable carbide
inserts

80 www.Imt-tools.com

~a
LMT-FETTE
W’

The machining methods for gears with large modules differ con-
siderably in practice. Number and sizes of the gears, the efficien-
oy of the gear cutting machine as well as machinability and gear
quality are only a few of the factors which affect the sslection of
the cutting tools.

WnI &% BRE2675

ARNAEE&STIR, HTRikE

Gear finishing cutter, Cat.-No. 2675,

with indexable carbide inserts, involute profile

EEAREREI 50, EHhB20° , 114,

FEREER LSO 295 x 190 x & 80 mm, 136 KA T K
Circular-type gear profile cutter m 50, 20° p.a., 11 teeth,
without roof radius, 295 mm dia. x 180 x B0 dia., 136 index-
able carbide inserts




ERERERTXENATOEHYFENSE, 30X THN
I, EAZHBESFRAENENINS, BEXATFHEERE
Ho BMNEHTRESNBTASYN, HNEREEnTES
B, HFaEEAhESENELN, BROEF-EERS SN
%7 ( BRB2675#2667 ) , IEFARBEITMAEREES
RiGHAERDENT AROERER,

RIGETLUBRBAANER, MENNERTNEFREND,

WMES7EEMImAs, 20° Bhfa

G150 x 180, 22K IR 71 K

End mill type gear cutter (roughing cutter) m 48-stub, 20°
p.d., 150 dia. x 180 mm length, 22 indexable carbide inserits

~a
LMT-FETTE
W’

LMT Fette has considsrable experience in the design of these
tools. For pre-machining, in particular, high-performance rough-
ing cutters have been developed for a very wide range of machine
tools. The solid-type designs are intended for use on conven-
tional gear cutting machines. For gear cutting machinss with
powerful motor milling heads, we manufacture milling cutters with
carbide-tipped blades (Cat.-Nos. 2675 and 2667).

LLMT Fette also designs and manufactures custom-designed
profile cutters in a range of designs for the production of special
forms. In addition, our experience is at our customers’ disposal
regarding the use and maintenance of these tools.

www.Imt-tools.com 21
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External gears

Internal gears

&/ M

External milling/internal milling

R ERRERN ELE ey
Roughling cuitar Roughlng cutter with faceted allowance

nTivisse, H5HEE

Ko¥EET
‘ Roughing of external
RAFMEREFERNERN gears with adapted
Coarsa roughing of external gears ‘

contour

) S MENN Increasing wheel quality

mIAER, ASER

g7

RATmia#ETEanEgn Roughing of internal gears

Coarse roughing of internal gears with adapted contour
MIGHiTRNE
Attainable wheei quality + ++
bl 2 ) e MR ek
Insert arrangement Straight flank Adapted profile
ARBR—EN R R AL/
insert type - tip Standard Standard/Semi Standard
AREA—NT Y404 o 114
Insert fype - flank Standard Standard
Ak wEd, ¥oe-97TT RE96-97H, LMT FettefisEIER T
Body P. 86-87, standard P. 96-87, LMT Fette preferred series on raguest
TIRAE
Tool costs € ﬁ@

ggﬂry time @ @

www.Imt-tools.com
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Roughing culter with even allowance

VaY

FTSMig s N T B ¥ I 4R I TR T

Pre-finishing of external gears with adapted inserts

i

T Pt e in T i 4k T Rk 7

Pre-finishing of internal gears with adapted inserts

) AN Increasing whesl quallty

;

LMT- FETTE
N’

wan
Finishing cutter

N

ImTHMEa e

Finishing of external gears

\ A%

n TAEREREN

Finishing of internal gears

+++ 4+ [ ++++
R b

Final profile Final profile

ES 114 HREL

Semi Standard

ERER
Semi Standard

¥96-97H, LMT FettefREHHEFI
P. 86-97, LMT Fette preferred series on request

Semi Standard

PR

Semi Standard

RE96-97W, LMT FettefiERERT

P. 96-97, LMT Fette preferred series on request

€€€E€

www.Imt-tools.com
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Segmented gear milling cutter reduces tool changing times

R EFRAERAENTREN. FTRERURTRAL R
REM. ATHREARERHETRR, JARBREENRK
NR#ITRUL R

mThgsnn, EETANERREYSFHENN,
TREARAERERRBESR, TRRMANELFITET .
EMRTNERBERABRE, NRTHERNENT, HSH
FHESEETREERIIENERETTRRIE,

LMT—FETTERFEH MR B A ERNERET, THEE
TR E .

EFETIGNEWREENE L, WK URBHRNMTR
RABBIHE,
EHUERMNSAERRNTESTIMITXEEERETHN, B
IR URIE D T RBA R .

s

m MIIEEE, $91558h
TR AT IAFEHLAR SN S
T A AR
BEATRERSMERDT
WigtEmE A

~a
LMT-FETTE
W’

Gear manufacture is charactsrized by many different types of
gears with different modules, profiles and small baich sizes. For
the manufacture of all these gears tools must be used which have
been optimized for the individual requirements. For internal and
external gears the disassembly of these tools is very time-con-
suming. And sven indexable inserts are oftan changed after the
tool is disassembled. Depending on the design of the machins,
tool changes are very time-consuming, in particular, due to the
removal of the drive shaft and the time needed for the subse-
quent set-up.

With the newly developed, segmented tooth form cutter by

LMT Fette, the time required for a tool change can be reduced
dramatically. The base plate can remain on the shaft for all gear
cutting tasks and the pre-assembled segments can be replaced
quickly. The segmented tooth form cutter is designed for the larg-
est profile to be cut and, therefore, enables flexible manufacture.

Benefits

® Short tool changes, approx. 15 min.

B Changing the indexable inserts can be done outside of the
machine

® |nternal cooling

B Suitable for internal and extemal gear

B With optional adjustable chamfer

SN IERMIM A MR

Indsxable insert with 8 Positive cutting edges

HHERST EMHNMNA RN FRMMTRETHENRNGE
E#KEET, RETURAENHDBHIIREGELS. BRRE
SHHENREEREERUN I BELH#M, XENREH
W SHTER—#§F.

24 www.Imt-tools.com

Tha range of gashing cutters for internal
and external gear cutting is enhanced by
the newly devsloped inserts with 8 positive
cufting edges. By the positive design softer
cuts at high feed rates are now possible.
The carbide substrate and the coatings are tailored to the require-
ments of the gear cutting industry. These inserts could be used
for roughing cuts as well as finishing cuts.
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I!gquiry form
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LMT+TOOLS

e’

B pary g,
Bl vo. HRART,
W BT
Name E-Mail

EREIMIANER
Gear milling cuiters for internal and external gear

8 & BE4R i 8 BNease send your inguiry to: Gearcutting@Imt-tools.com

ERTRES:
LMT-Fette-ldent-No.:
THERENT:
Workpiece drawing No.:
JREHEKRS
Tool drawing No.:
PHMR:
Part material:
BiheE
Tensile strength:
AR () o1 oz o3
Quantity (pleces) 04 O
O % Module opP OGP
O FEE Pitch:
Ehf
Pressure angle:
0 #8100 T %k 71 Roughing cutter
O $ ML &k 7] Firishing cutter
ExEH
Basic profile:
0,1 DIN 3972 ,2" DIN 3972
0,3" DIN 3972 0,4" DIN 3972
ODIN 5480 0180 53
0O BS 2062 Oz iER
OAGMA 201.02-1968 Other profile
OAGMA 201.02-1968 STUB
BHEEDBESH:
From part data:
T A A O 2 yes
Semi topping OFno
HRIZER O & yes
Protuberance 0% no
g iby 3 O ves
Tip relief 0% no
hELEE O£ yes
Full radius O&no

1A S Tool data B8 % Part data

HEES OAA OA O internal gear
Quality grade OB O B/C Osh % Exiernal gear
SagE ODIN 3968 OE¥ Module ODP OCP
To standard OAGMA OBS OFEE Pitch:
|3 o F 3%
Non-standard tolerance: Number of teeth:
ShE2 (dq): Ehf:
QOutside diameter (dy): Pressure angle:
WHEI T (): L5y
Cutting length (la): Helix angle:
TIREK L) T
Overall length {l1): Tip circle diameter:
RFL.EE (do): iR
Bore diameter (ds): Root circle diameter:
HREEE: FREHAER
Hub diameter: Effective tip circle dia.:
YNNG B Zeon: FHEREER
Number of eff. teeth: Effective root circle dia.:
®E OLCP35H EfE e
Grade 0O LCB30XT Fillet radius:
Drive TR
o B
Keyway DIN 138 Radial amount of the
[m] tip chamfer:
One right-hand drive slot DIN 138 .
o Stk porfark e
One left-hand drive slot DIN 138 pe =
O SiERE R
Two drive slots Number of teath for checking:
o DEBIEE Tooth widih:
With internal coolant supply B & finished
A8 inlted
YLEE P2 BRAS /
Type of machine: Ball dia./pin dia.:
BRARITKE: Bk {H BE
max. shift length: Diametral dimension
between balls:
max. tool diameter: 22 milled
max, length: Diametral dimension
O B EE wet cutting between pins:
O F=50H] dry cutting & finished
&5 Notes: 3 py @ milled
47 B P58 15 ™ Tooth thickness:
HEHES
Pitch line dia.
HEEE ODIN
Gear quality OAGMA
&5 9E R (mm):
Gear width (mm):
IH#EER:
Workpieces p.a.:

LMT Tool Systems GmbH

Heidenheimer Strasse 84 - 73447 Oberkochen
Telefon +49 7364 9579-0 - Telefax +49 7364 9579-8000

Imt.de@Imt-tocls.com : www.Imt-tools.com

LMT Fette Werkzeugtechnik GmbH & Co. KG
Grabauer Strasse 24 - 21493 Schwarzenbek

Telefon +49 4151 12-0 - Telefax +49 4151 3797

info@Imt-fette.com - www.Imt-fette.com

Zahmormfridser mit Wendepiatten
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Gear roughing cutters

— T (B NAW
iﬁ. ’1 I"\\ _ E:‘re ‘,’E}:ﬁ L Number of cutting edges
N4 N4 N4
@ 7~
LMT-Code
XNHQ251405012 XNHG251405020 XNHQ191406032
VHHERNS
Cutting materials Ident. No.
LCB30XT | LCP35H  LCB30XT | LCP35H | LCB3OXT | LCP35H
m dy by d2 | Zen Ident No. 7052952 | 7078874 | 7053699 | 7078875 | 7053725 | 7078876
8 | 17 7078803 16
s IECHEECEIETE 10 | 17 7078804 20
6 a0 | 70 | 80 12 | 17 7078805 24
(220 | 70 | &0 LA 7078806 16
270 | 70 | 60 RDIRERY 7078807 20
8 35 70 8 | 12 | 17 7078808 24
(tl 220 | 70 | 0 X 7078809 16
Ul 27c | 70 | 60 RDIEEX] 7078810 20
10 | 350 | 70 | 80 | 12 | 23 7078811 24
12 IEZRAERAEE & | 34 7078812 12
iFll 270 | 70 | 60 KD 7078813 16
12 IESNEEAIEE s | 34 7078814 16
W 220 | 70 | 60 R 7078815 12
it 270 | 70 [ 60 HENEE 7078816 16
14 IEINEETEEETE s 4 7078817 16
il 270 | 20 | 60 L 7078818 12
16 IEERIETEIERE s | 43 7078819 16
16 | 450 @ 90 100 @ 10 | 43 7078820 20
M 270 | 9 | 60 EECEIRS 7078821
Ll 350 | 20 | 80 N 7078822
18 | 450 | 90 | 100 | 10 | 52 7078823
20 IECEIETEIEE & | 56 7078824
20 IEENIECHIEEN 8 | ss 7078825
20 | 450 | 90 | 100 | 10 | 56 7078828
2 IENEEIEEE © | 56 7078827
22 | 350 120 80 | 8 | 56 7078828
PPI 450 | 120 | 100 [RCEEEE 7078829
2 IERREEZEIETE 6 | 62 7078830
24 | 350 | 120 @ 80 8 | 82 7078831
YA 450 | 120 | 100 REEREGH 7078832
26 | 350 | 120 @ 100 8 | 63 7078833
CCI 450 | 120 | 100 EDEREGE 7078834
28 | 350 | 120 | 100 8 | 67 7078835
PEI 450 | 120 | 100 [RDEEEGH 7078836
30 | 350 | 120 | 100 8 | 8 7078837
<Vl 450 | 120 | 100 |EEETREEY 7078838
32 ENEEEEENE 8 | s 7078839
a2 | 500 | 120 | 100 | 10 | 81 7078840
36 | 400 | 140 100 8 | @2 7078841
36 | 500 | 140 | 100 | 10 | @2 7078842
? ?
B Your advantages
m B m faster defivery time 1150-86 1158-2 1150-84 1188-3
m BRAEE B cost saving 1045766 Ti5 1045777 T20

¥

www.Imt-tools.com
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N4

2

N4

N4

N8

N8

g

XNHQ151207044

XNHQ121408048

XNHQ141206060

LNHQ1206

LNKU1206

LCE30XT
7053738

LCP35H
7078877

~ LCa30XT

70788861

LCP35H
7078878

LC630XT
7078882

LCPasH
7078879

LCB30XT
9203918

LCP35H
7078880

LCP35H
7062832

LCE30XT
7007153

12
16
20
12
16
20
12
16
20

|

12
16
20
16
20
16
20

16
20
18
20
16
20

16
20
24
12
18
18
18
24
24
18
24
30
24
a2
40
30
40
50
30
40
50
36
48
60
48
60
56
70
64
80
64
80
72
80

!

1150-80A
2217211

1158-2
T15

1150-84
1045777

1158-3
T20

www.Imi-tools.com
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Gear milling cutters for roughing for rotors LMT- FETTE
e’
bl | &
Katalog-Nr. Cat.-No. 2695
BFHBRY ' JNSHBRI(TER)
Rotor measurements Cutter measurements (var.) \
He & B ' 1 [Eﬁ
Outside diameter | Profile height Type dy by dz =
100 ' 22 ' HL ' 220 | 60 60 25- 36
100 22 NL 220 | 80 | 60
127,5 27,5 HL 250 ] 70 ' 80 32- 45
127,5 27,5 NL 250 J 70 80
163,2 35,5 HL 250 | 80 80 40- 56
163,2 35,5 NL 250 | 80 80
204 44 HL 300 ' 100 100 50- 70
204 44 NL j 300 100 100
255 55 HL | 320 | 125 | 100 63- 85
255 55 NL | 320 | 100 _ 100
318 70 HL 350 J 160 100 70-100
318 70 NL | 350 | 125 100

HL = Hauptlaufer kMale rotor (MALE), NL = Nebenldufer Female rotor (FEMALE)

BEIRAFUHEESAaSEHRLEYEN, SRHESAE These tools are, because of their high cutting rates and trouble-
WERERAMEE, SRS EY RN, free maintenance, particularly economical.

S THARTERFORITSE, EERS07EBFgR. The proﬁl_e .IS formed polygonally form s.,t_ranght se_ctn:.)ns and con-
tains a minimum allowance for finish milling or grinding.

M@ E AL, To achieve finishing allowances which are as parallel as possible,
modified forms are used in addition to the standard indexable in-
serts. These are provided with chamfers or rounded edges.

RN RER A B
Indexable Insert forms d 5
|
BERS EERST
ik 1 s _ d Designation Clamping scrow
A 12,70 6,35 14,29 | 1185-11 1150-80
12,70 | 7,94 | 15,88 1185-15
15,88 _ 7,94 | 15,88 M4-21764
| 19,05 ' 6,35 14,29 | 1185-31
B 12,70 6,35 | 14,29 M4-20859
| 12,70 | 7,94 15,88 M4-19730-2
c . 19,05 6,35 | 14,29 M4-21045
D ' 2540 ' 6,35 14,29 | M4-20924
18,05 6,35 | 14,29 1185-35

88 www.Imt-tools.com
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Cutting data recommendations LMT-FETTE
W’
1500
1400
1300 -
1200
1100
— M=6
&
E 1000 - — M=10
g M =14
- —_ M =18
i 900 - — M=20
M=22
800
700 -
600
500 f } } } } } } } } }
180 170 160 150 140 130 120 110 100 80 80 70
Ve (m/min)
MFREMTaHBR Recommended values for the power requirement
A for involute roughing:
Rm =% %8 (N/mm?) R = Tensila strength (N/mm?)
Ve =HIHIE (m/min) Ve = Cutting speed (m/min)
hmy =THAIEEE hmy = Mean tip chip thickness
(mm) Wert = 0,1 mm {mm) Value = 0.1 mm
z =BER% z = Numberof gashes/2
f; =854 R(mm) f, = Tooth feed (mm)
a =113 (mm) a = Radial fead (mm)
(Schnittiefe) {cutting depth)
D =7NHEf D = Tocl diameter
vi =it R (mm/min) v; = Fesd (mm/min)
Qupez =B ARHY Qgpez = Power factar
{cm?® min : kW) {cm? min - kW)
(Wert aus Tabells) (Value taken from table)
2R TAAN: Formula applicable for full profile depth:
b _ 319-Mod2-v b _ 819-Mod? v
®~ 71000 - Qopez. ® = 71000 - Qypez.
vi=f,:n-2z v=f-n-z
f,= i %= hmy

i &

www.Imt-tools.com 29
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Haob Effective involute
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Attachment
102 thmE-mm-EH-A% T T
opogi] Cutting materials
Comparison: Pitch - module - diametral pitch -
circular pitch 134 PVDEE
PVD coating
103 BAMAMHAE
Tolerances for single-start hobs 136 HRUENANERSEHE
Hard material coatings for gear cutling tools
104 ELMNIMNHE
Tolerances for multiple-start hobs 137 MR
How wear develops
106 HA|MCE
Hob inspection records 139 WS ImS&e
Cutting conditions in hobbing
108 7IRREMNAERRE
iFRmIAHEwN 150 ¥KERRE
The effect of cutter deviations Setting length
and cutter clamping errors on the gear
154 MAKE
110 IR BEZHEE Profile generating length
REHER
Effect of the quality grades 156 RBAEN
of the hob on gear quality Shift distance
11 R e 157  FEESRGHERL
MEERE Coarse shifting with a constant offset
Tool holding of hebs in the hobbing machine
158  HMEW
13 WOhpRNEFEE Axial distance
iRt
Basic tool profile and gear profile in hobbing 160 WmIAMEE
Maintenance of hobs
114 EFR NN iR
BEELR 176  MARET
Basic profiles for spur gears with involute teeth Protuberance hobs
16 HFREHROSRL 181 RUBHEARR
EFIER Wear phenomena on the hob
Standardized baslc profiles for spur gears
with Involute flanks 194 w7 HREN
Gear miiling cutters with Indexabls Inserts
17 BABESER
Baslc hob profiles 196 DINEES®RS|
DIN-numbsr-index
124 {EmERirmEEMRT
EXiER 196 HRBES

Profiles of current tooth systems
and corresponding basic hob proflles

Pictogram overview

www.Imt-tools.com 101
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MR #N-EH-AH P
Comparison: Pitch — module - diametral pitch - circular pitch LMT- FETTE
U’
s =% A%
_254 _25-4 _n _254 _ = _m-%

m=3p m==-=xCP DP_@ DP === CP-DP CP_25 4
B 1 EE g
Pitch | ¥ Pitch | % Pitch | ¥
mm | Module DP CP mm  Module DP | CP mm | Module| DP | CP

0,31416 0,1 2,84987 28 22,22500 7/

0,34558 0,11 2,98451 0,95 22,79899 31/

0,37699| 0,12 3,06909 26 23,81250 1 516

0,39898 200 3,14159 1 |2513274 8

0,43982 0,14 3,17500 /s |25,40000 1

0,44331 180 3,32485 24 26,59802 3

0,45598 175 3,62711 22 26,98750 11/

0,49873 180 3,92699 1,25 28,27433| 9

0,50265 0,16 3,98982 20 28,57500 11/

0,53198 150 4,43314 18 29,01689 23/4

0,56549 0,18 471239 15 | 30,16250 1318

0,62831| 0,20 4,76250 %6 |31,41593| 10 _

0,62832 127 4,98728 16 31,75000 114

0,66497 120 549779 1,75 31,91858 21/

0,69115 0,22 5,69975 14 33,33750 1 5/16

0,75997 105 6,28319 2 |34,55752| 11 _

0,78540 0,25 6,35000 14 | 34,92500 13/a

0,79796 100 6,64870 12 35,46508 214

10,83121 96 7,06858| 2,25 36,51250 17/

|0,87965 0,28 7,85388| 25 37,69911 12

0,80678 88 7,93750 516 | 38,10000 1172

0,94248| 0,30 7,97965 10 39,89823 2

0,99746 80 8,63038 2,75 |41,27500 15/p

1,08557| 0,35 8,86627 ) |43,98230 14

1,10828 72 942478 3 44 45000 13/,

1,24682 64 9,52500 %y | 45,50707 13/

1,25664 0,40 9,07456 8 47,62500 178

1,32004 60 10,21018 3,25 |50,26548 16

1,41372| 0,45 10,9557 3,5 | 50,80000 2

1,57080 0,50 | 11,11250 7he |53,19764 11/2

1,58750 e | 11,3084 7 56,54867 | 18

1,59503 50 11,78087| 3,75 62,83185| 20

1,66243 48 | 12,56637 4 63,83716 1 14

1,72788 0,55 12,70000 /2 [69,11504 22

1,73471 46 13,20841 6 7530822 | 24

1,81356 44 14,13717| 4,5 78,53082| 25

1,88496 0,60 | 14,28750 | 9/16 | 79,79645 1

1,89992 42 14,50845 51/2 81,68141| 26

1,99491 40 15,70796| 5 B7,06459 | 28

2,04204 0,65 15,87500 5/3 |91,19595 T/

2,00001 a8 15,95830 5 94,24778| 30

2,19811, 0,70 17,27876 5,5 |100,53008 32

2,21657 36 17,46250 11716 |106,39527 34

2,34695 34 17,73255 4172 100,95574 35

235619 0,75 | 18,84956 6 113,00734 36

2,49364 32 19,05000 %4 [125,66371 40

2,51397 0,80 19,94911 4 127,67432 5/g

2,65988 30 20,42035 6,5 141,37167 45

2,67035 0,85 20,63750 13/1g [157,07963 50 _

2,82743 0,90 21,98115 7 159,50290 12
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BRI AE: N
DIN3968ir B THIT R A5 LMT- FETTE
Tolerances for single-start hobs b g

for spur gears with involute teeth to DIN 3968 in um

] e wEE
E i For module range
Itém WMEE HE oualy XA Fabove
no, ! Measurement Symboel | grade 0,631 1-1,6 1,6-2,5 2,54 | 46,3 6,310 1018 1625 25-40
1 AA H5
T weyE naRe A HE
pxial plane  IHIZRRE Diameter of the bore B Hg2
Cutting c H&
u / degth D _ H7 _ _ _
k- -+ 4 T AL | 5 5 5 s 5 5| 8/ 8 8
CHNRY A | 5 s 5 6 8| 10 1| 16 20
Al rLno 8 B & 8 B, 8 10| 12 | 18 | 20 25
S%féﬁ‘m nelsatie ik c 10 10 10 | 12 18 20 25 32 40
; 5 REEEWE fes AL | 3 a 3| 3 3 4 5§ & 8
B Bk zh A | 3 3 3, 8, 8§, 8 8| 10 10
Axial runout at the B 4 4 4 6 8 10 10 12 12
clamping face cC 6 8 8 10 10 16 18 20 20
. D | 10| 10 10| 16| 16 | 25 | 25 | 32| 32
6 7IHER T AA | 10| 10| 12| 18 20 | 25 32 | 40 50
H & 3h A | 12 | 16 | 20 25 | 32 | 40 50 | 83 80
Radial runout at the B 25 | 32 40 | 50 | 63 | 80 | 100 | 125 160
tooth tips C | B0 63 | 80 100 | 125 | 160 | 200 | 250 815
. | D | 100 | 125 | 180 | 200 | 250 | 315 400 @ 500 630
7 WAEERRER Fm AA | 10| 10| 12| 18 20| 25 32 40 50
= A 12 16 | 20 | 25 32 40 | 50 83 | 80
Form- and position B | 25 | 32 | 4 | 50 | &3 | 80O | 100 | 125 | 160
deviation of the cutting C | 50 | & | 80 100 125 | 160 200 @ 250 315
face D | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 630
8 BEEESES fw |+ AA | 10 10 12| 18 | 20| 25 | 32 40 | 50
e - A | 12| 18 | 20 | 25 | 32 | 40 50 | 63 80
Individual pitch B | 25| 32 | 40 | 50 63 80 100 | 125 180
of the gashes cC | 50 | a3 80 | 100 125 | 160 200 @ 250 315
_ . D | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | B30
10 BEHRANRY Fin __AA 20 20 25 32 40 | S50 @ 63 8c | 1oo
ER A | 25 32 | 40 50 | 683 | B8O 100 | 125 160
Cumulative pitch B 50 83 B0 100 125 | 160 200 @ 250 315
of the gashes C | 100 | 125 | 160 | 200 | 250 | 316 | 400 | 500 | 630
| | | D | 200 | 250 | 315 | 400 | 500 | 630 | 800 | 1000 | 1250
_ 11 [FE100mmicE T fun |+ AA | 50
12 EEERE A 70
e Gash lead over B 100
100 mm hob length LB 140
12 $nEl=m Fis AA & 6 ] 8 10 12 14 18 22
BEEX A 10 1 12 14 16 | 20 | 25 | a3z 40
: Form deviation of B 20 | 22 | 25 | 28 | 32 | 40 | 50 | 63 | 80
: the cutting edge G | 40 45 50 58 63 | 80 | 100 125 160
. ‘ | - | | AA 16 16 16 | 20 | 25 32 | 40 | 50 63
14 13 EEEEL fa |- A 25 | 28 | 32 | 3 | 40 50 | B3 | 8O | 100
RytE = B 50 56 63 71 80 | 100 | 125 | 1680 | 200
S, Mg ot thicknees: an the C [ 100 112 | 125 | 140 | 160 | 200 250 = 320 400
iHutH)  i(Hy2H) reference eylinder D | 100 112 | 125 | 140 160 | 200 | 250 | 320 400
14 |Eimases 7 (e fe |+ A | 4 | 4 4 5| &, 8| 10 12 16
M ANETSE - A | 8 7, 8| 9 10| 12 16 2 | 25
Hob lead from cutting B 12 14 16 18 20 | 25 32 40 50
edge to cutting edge in the 8] 25 28 32 36 40 50 63 80 100
direction of gpiral D | 50 | 56 | 63 71 | BO | 100 125 | 160 | 200
15 |—HAYENERES For A | 6| 6 & 8 10| 12 | 14 18 22
HraRENER A | 10 11| 12| 14 16 | 20 25 32 40
chlbllagd ehi';'lthedimctigln of B | 20 | 22 25 28 | 32 40 50 63 B0
spiral 98n any cutting c 40 | 45 | 50 | 56 | 63 | B8O | 100 | 125 | 160
scums o s fum D | 80 90 100 112 | 125 160 200 | 250 320
16 | f0@lm 2 E4 e o |+ _AA 4 4 4 5 6 8 10 12 16
E A # H Base pitch = A 6 7 8 9 10 | 12 16 | 20 25
section from cutting edge B | 12| 14 | 16 | 18 | 20 25 32 | 40 50
to cutting edge C | 25 | 28| 32| 3 | 40 | 50 63 80 | 100
17 HaSRE#Z N Fa AA 8 8 8 10 12 16 | 20 | 25 | 32
EEFE A 12 14 | 16 18 | 20 | 25 | 32 0 | s0
Base pitch within an B 25 | 28 | 32 | 3 | 4 50 83 80 100
sngagament ared ! 50 56 | 63 | 71 | 80 | 100 | 125 | 160 | 200

051 B B2 5% B T-DIN3gssFRtk & A 31 B
Itern no. of the measurement points to DIN 3988

DA THOBN—BM, FRESNBRIETNLRAHSAE
In accordance with the works standard, LMT Fette Hobs of quality grade B are made with bore tolerance H 5.
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E L% JIRAE ~a
Tolerances for multiple start hobs LMT- FETTE
Ve’
- Wik AWER
H sam For moduls range
Igm BawE s Quality X%F above
no. Measurament Symbol grade 0,63-1 1-1,6 1,6-2,56 2,54 4-63 6,3-10 1016 16-256 25-40
1 waEs AA H5
Diameter of the bore T I I I
A H5
B H6
AERE pm
Tolerances in pym
4 ®@EERES fro 5 5 5 5 5 5 6 6 8
Radial runout at the T
A 5 5 5 6 8 10 12 16 | 20
6 6 6 8 10 12 16 20 25
5 ZERE foe 3 3 3 3 3 4 5 5 6
BB —
Axial runout at the 3 3 3 5 5 . 8 ‘ 8 A 10 10
clamping faces 4 4 4| 6 8| 10 10 12| 12
6 ZEER frc 2-4 10 12 16 20 | 25 32 40 50 83
Radial runout at the 24 186 20 25 32 40 50 63 80 | 100
tooth tips start 32 | 40 | 50 | €3 | 80 | 100 125 | 160 | 200
=7 12 18 20 25 32 40 50 63 80
5.7 20 | 25 32 40 50 63 80 | 100 125
start

40 50 63 80 100 125 180 @ 200 & 250
10 10 12 | 18 20 25 32 40 50
12 16 20 25 32 40 50 63 80
25 3 40 50 63 80 100 125 & 160

7T WmBREEE Fm
BE Form- and
position deviation of
the cutting face

8 ‘ﬁnﬁgﬁﬁéﬂﬂﬁri fy + 10 10 12 16 20 25 32 40 50
Individual pitch of 12 16 20 25 32 40 50 63 80
the gashes 25 | 32 | 40 50 63 | 80 100 125 | 160
10 BENVTE Fiy 20 20 25 32 40 50 63 80 | 100
Ritig=
Cumulative pitch 25 | 32 40 50 63 | 80 100 125 | 160
of the gashes 50 83 80 | 100 125 | 160 200 | 250 | 215
1 | #Z100mmiEEE fun + 50
EREEE
Gash lead 70
over 100 mm hob length
100
12 fpam Frs 2 6 & 8 10 12 14 18 22 28
EREE X ] : : : : : : : :
of the cUE@IRdge & 22 25 28 8 40 50 63 80 100
34 6 8 10 12 14 18 20 28 36
L | | | |
3.4 12 | 14 | 16 20 25 | 32 40 50 63
start 25 28 32 40 50 63 80 | 100 125
5-6 8 10 12 14 18 22 28 36 45
£ -
5-6 14 16 | 20 25 32 40 50 63 80
start

@ >» o> o> Elol>»o>»T o> >» o >»o>» o> a>P

28 | 32 | 40 | 50 63 80 100 125 | 160
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~a
LMT- FETTE
e’

- Wi S
H sy For moduls range
Igm BiEmE B Guality AT above
no. Measurament Symbol grade |0,63-1 1-1,6 1,6-2,6 2,54 4-8,3 6,3-10 10-16 186-25 25-40
SBBH pm
Tolerances in uym
13 EamaE fa— AA | 25 98 | 32 | a8 | 40 50 -63 -8O0 -100
kgt |
Tooth thickness on A —25 —28 —32 —36 —‘40 —50 —63 —80 —1 00
the reference cylinder B 50 56 | 83  -71 | -80  -100 -125 —160 | —200
14 ZERiERAFEWEA | e T 2 AA 4 4 5 8 B 10 12 16 20
ZHHETERE £ | |
s e 2 A 7 8 9 10 12 16 20 25 32
from cutting edge to start B 14 18 | 18 20 | 25 32| 40 50 B3
cutting edgse in the 34 | | | | | |
direction of spiral S8 AA % - 8 | R ! s | e | 1@ I 7 | =
34 A 8 g 10 12 16 20 25 32 40
start B 16 18 | 20 25 | 32 40 5 | 83 80
5-6 AA 5 6 8 10 12 16| 20 25 32
5.6 A g 10| 12| 16 2 25 32 40 50
start B 18 20 | 25 | 32 | 40 50 63 80 100
15 EREKHE—IHME Fu 2 AA 6 6 8 10 12 14 18 22 28
TEFEETE T 2E E-Y -4 | | - i
ETER 9 A 11 12 14 16 | 20 25 32 40 50
Hob lead start B 22 | 25 | 28 | 32 | 40 50 83 80 100
in the direction of : : : : : :
spiral between any g:; AA 8 8 10 12 14 18 22 28 3
°"‘Tﬁ|”g.t"f19*’s e 3.4 A 12 | 14 | 16 20 25 82| 40 50 63
axial pitc . . _
start B 25 | 28 | 32 | 40 50 63 80 100 125
;—; AA 8 10 12 14 18 20 28 36 45
56 A 14 16 20 @ 25 | 32 40 50 63 80
start B 28 32 40 50 63 80 100 125 160
18 | —@Fmaals | Tt 2-3 AA 5 5 6 7 8 11 13 16 20
MY ERE £ T ‘
Pitch deviation 2-3 A 7 8| 9 10 12 18, 20 25 32
between adjacent start B 14 16 18 20 | 25 32 40 50 63
threads of a tooth T t T t t
£ -6 AA 6 7 8| 11| 13 16 20 25 32
agment S8
46 A e 10| 12 16 20 25 32 40 50
start B 18 | 20 25 ap | 40 50 63 80 100
19 ENSBRAFEN Fex 2-3 AA 8 8 8 | 11 14 17| 20 25 31
W EEEWSBRELS £ 4 ' i : i *
fpEin e >3 A 14 15 177 | 20 @ 22 28 35 45 56
Pitch deviation ) B 28 | 31 a3 39 45 56 70 88 112
betwsen any two T
spitals of a tooth land ;:_;t AA 10 10 10 13 16 19 22 29 35
within the hob lsad 4.6 A 16 | 18 19 | 22 | 286 32 40 51| 64
start B 32 35 40 45 51 64 80 101 128
b=
5
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ENwMiLR

Hob inspection records

MIFFHEEEHELBILERDINIGGRHFEENTR, AT
EEALH N DA EHDINGS413tR L,
EXBIRALENDRFHRERNRITRENEFSRAZA
HhE R REEETN T

BNHREHRETHHA, B, C, DURBHAASZSE., MTFR
ERBERANET, HAZEREAASEHEFBRMERN,

~a
LMT-FETTE
W’

The telerances of single-start hobs for spur gears with involute
teeth are laid down in DIN 3968 and the tolerances for the hobs
used in precision enginsering in DIN 58413.

The tolsrances for multi-start hobs and for hobs with special
profiles are defined in works standards or by agreement between

manufacturer and customer.

The hobs are classified into grades A, B, C, D and the special
grads AA. For extrame requirements it is usual to agree further
restrictions of the tolerances of quality grade AA, which is then

A EHERS AT SEANGRE. referred to as quality grade AAA.

RS EREEE: 56.979 BEf: 02° 43'33" |
| Ident No.: Tip circle diameter: | Lead angle:

. L E1305 kL DES F 150 BE: 7.8314
| Hob No.: Cutting edge width: |Lead:
| B 2.49 RFLE: = BES: =
| Module: | Bore diameter: | Basic profile:

EAHf: 20° 00'00" IEE R1 MR y

| Pressure angle: Handing/nbr. of starts: | Profile modification:
| T 3.82 R A 14 VIR : =
| Tooth addendum: Number of gashes: | Cutting depth:

HEiEE: 3.9154 VHEREE: 0 GELE -
| Audial tooth thickness: Cutting face offset: =~~~ | Material: _
B 6.6 EASE: 1.E + 100 e HRC -
| Tooth height: Gash lead: Hardness:

4) B MR E B (5) & M B R Bk 3h (5) Z= 4 ki £ i (5 Bk B |{4) MR & ERE)

{4) Right-hand radial runout (5) Right-hand axial runout

| Bt Intend. value X8 Acfual value

BetfiIniend. valus) XK Actual value |

(5) Left-hand axial runout

B ntend. va]uei Xk Aclual valua

{4) Left-hand radial runout

: wintend. vaiue% %k Actual value

f, 5 |AA |2 (AAMA [f,, 3 |AA 2 JAAA f, 3 |(AA 2 AAA f, 5 |AA |2 AAA
(6) 15 T [H £ 1) BE =i O EMEXNEE (8, 10) 5 Ay RE (1) EEESRE
{6) Radial runout at the tooth tip | (7} Form and location of the (8, 10) Pitch of the gashes {11) Gash lead
cutting face
L R N 6.6 ; " 0 100
N et errfThme, | mM—e——t = V| 1 0 e 5 mm ——
K 4 T 4F = L R
[ jiﬂ‘llntend. value‘_!EAqugIvalue vilﬂﬂln‘lend. value:!EActuaI value wiHl Intend. walue: XK Aciual value _lﬂ-{llntend. value: %% Actual vaiue ‘
fe (12 [AA |7 (AMA Fn (12 [AA 5 (AAA [Fm (25 [AA 11 (AMA (fin |50 |[AA (5 AAA
l | . fn |12 |AA |8 |AAA |
(14, 15) EMRMBLRRE (14, 15) EMRiEgkiR = | (16, 17) EWEESEE (16,17) ZAZMEERTHEE
{14, 15) Right-hand lead (14, 15) Left-hand lead (16, 17) Right-hand base pitch | {18, 17) Left-hand base pitch
L R L R F K F K
N | S — N == et T, i N F—=——= et T e i
| [mwintend. value S8 Actual vaiue | %t intond. value XK Actual valus | Wi Intend. valuel 5% Actual valua | Fitlintend. valug] ¥EActual value |
Fue 6 AA |3 |AAMA|Fyr 6 (AA 2 AAMAF, 8 AA 4 AMF, 8 AA 13 AMA
e |4 [AA |14 AAA fyr 4 AA 1 AMA f, 4 | AA 2 AAAf, 4 AA (2 AAA
HMmEigEiRE ENHEiERE BERE: e
Right-hand axial pitch Left-hand axial pitch DIN 3868 AAA LMTe FEITE
Tolerances to: T’
L " L R DIN 3968 AAA x 71 wl
N+ —i N ey o HOB MEASUREMENT
B R
Fitltintand. value) | Stk imend. valua| B
Fo 2| (Fox |4 20my  simi. 61574 W
T |1 It |2 3T#F: E1305 05M F
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RUNRETUFELRES. SMGHEEURARATENA. E—H1
S, MRREEZAABAAAGEEERER M. BRREE
TR B T 8 A B R R T A .

RARECREHEERE. YEEXRAERDANTRRIEES
ENSRHAMERENBRERRSE,

80 PR AT A A SR 5 i T B i i gt Sh e M m L% b
EEMRBEMRIARERT;
Fiiy R~ ADINA4,

(2 IE A RRES
{12) Form deviation of the cutting edge

~a
LMT-FETTE
W’

The deviations of the measured values can be written,

marked down by hand, mechanically recorded or stered in

a computer.

In the case of quality grades AA or AAA it is usual to record the
deviations of the measured valuses in an inspection report. The
inspaction report ia used for monitering the hob throughout its
entire service life.

The inspection report becomes particularly clear and informative
when the base pitch or the form deviation of the cutting edge
and the deviation of the hob lead are represented in the form of
diagrams.

These diagrams can then be directly compared with the profile
traces of the machined gears and interpreted.

The test report is shown in DIN A4.

HW
Tip 0
3.82
o]
Root 6.6
LR |miHe TE | (15 5T, WiHE LR (RP) | BiHE =k
[ Intended value Actual value ! _(13) Tooth thickness fs. |ntand. vnlua“Actual valua‘_ | Intendad value | Actual value
Fis |6 AA |3 AMA |-16/ AA -3 |AAA| Fs |6 |AA |2 AAA
|
PEH#r Remarks: P
LMT+FETTE
W’
@Ak
HOB MEASUREMENT
BH#: R
Bré
20my ' &@=:61574 w
3CHE: E1305 05M F
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ZRREMIRRRIREH ERNT W
(EHR208KATILET, FHERN10E)

The effect of cutter deviations and cutter clamping errors on the gear

(for single-start hobs with 20° pressure angle and relief rake

EENIHEERREEHSENETFESAERANER,
B ERRERNTEE L RANBREAGERRBREE
.

ERENTEESD, IRSHEBERNIRE DR TIRITHEAR
EXARTFERAEN,

HAEAITEREERREZ FEMERNOKE. BRTHREITR
EMNAXARENERERXNHENERETER,

angle of approx. 10°)

~a
LMT-FETTE
W’

The quality of a hobbed gear is the product of the interaction of
various componsnts and production conditions.
The deviations from the intended gaometry of the hob and the

clamping errors of the cutter on the hobbing machine play an im-

portant part in this.

In hobbing, a distinction is mads between the deviations on the
enveloping helix of the cutter and the deviations on the cuiting

faces of the cutter.

The deviations of single-start hobs affect the quality of the gear
mainly in the form of profile deviations.

It is here important to know in which order of magnitude the
deviation on the hab and clamping errors of the cutter affect gear

quality.
{71 Hobs
BRIRE EEREE MEEMENS
HEE (RVDI2606) {ERDIN 3968(09-1960)
Nature of Designation and symbois of the item no. & symbol of the devia- | {REHIR
the deviation deviation ace. to VDI 2608 tion acc. to DIN 3888 (08-1960) | Representation of the deviation
RIAEMER | MARHNEATE Nr. 17 | N
AR BIRZMEF,, No. 17 = Path of contact_——]
Deviations on the Total base pitch deviation Fge withinan | Fg f
enveloping helix engagement area ‘ ?Iﬁ d‘; E'o’]ft
of the hob | & B |
B Yk 1 ST H] 70 75 1) B e A R Nr. 15
BXREFuF No. 15 = Pmﬁﬁ%ﬁﬁ%ﬁone I
Cutter lead height deviation in the Fhr ! — :
direction of start Fyyr between any
cutting edges in one convolution Pz
BT [ = T B Bh A e Nr.& e
Radial runout f; on the tooth tip No. & 1%?;2“ Ef
T
Ex$rEa gl Nr. 13 fa
R No. 13
Tooth thickness deviation f; on the fs
basic reference cylindsr ‘
PE TR RREF s 'Nr. 12  shEemEE
Form deviation Fys of the cutting edge No. 12 Active profile height
Fis :
| | | " |a
EAWNE | W AERRFG R R | N & EhasE M B
BiEE Form- and position-deviation Fyy No.7 Active profile height |
Deviations on the of the cutting faces Fin HTR -
cutting faces | Tle Real
oithe @ WAARHRS FpN Nr. 10 — kR E
Cumulative pitch deviation Fon No. 10 ™ 1Hobrevolution ~— |
of the gashes (cutting faces) Fin
T EE R 100mmif B T EHSE Nr. 11 Profilausbildungszone
EEfuN Mo. 11 Profile zone generating
Gash lead deviation fuy over 100 mm fun
_ | cutter length | 100
s ¥ ARG ENEEE Nr. 4 —YRAE
ZRHIEE Bz No. 4 ™ 1Hobrevolution ~ |
Clamping errars of | Radial runout f» on the two indicator T
the hob on the _hubs |
hobbing machine | #i& L&A= Nr. 5 — kIS
Rl No. 5 ™ 1 Hob revolution — "]
Axial runout fx on the clamping faces fos
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EfNzEMAEXRONRDF R, SRICEN—RRBRTHMT
HEFrEFEREESDEN. B8 EBHRERLE,
EHA RN ARIRE HITRE.

BXEIERNRNSR, SRS ENNEEREGEE AN
WREAHMVDI / VDER2606BE LN E.

~a
LMT-FETTE
W’

Thesa relationships are shown in the table. It must bs remem-
bered that the working accuracy of the hob can be considerably
affacted by faulty regrinding. A check of the deviaticns on the
cutting faces of the hob should therefore be made obligatory after
each regrind.

The correct inspection procedure for hobs, the necessary
equipment and the evaluation of the measursmeant rasuits ara
described in detail in VDI/VDE Recommendation 2606.

| % Gear
' MK
HARE

REER Order of magnitude  RESRATEE

Effect of the deviation of the effect Representation of the deviation

HERE =100 % | e

Profile deviation \ .

g - o]
Tip X Root
| Hmine =100 % - dB Iy 4

(L3 T 4R 40 L ) 1 X 0 - P -

Profile deviation (only the deviation of the profile Tip g —"| Root

| formation zone in question is effective) o NV _a -
| B FEBERyERIRE = 20% '

(xR R E R E TR EH ) ! :

Form deviation in the bettom of the tooth :

space (only the deviation of the tip cutting edges for- eI .

| ming the roct cylinder is sffective) . | ) ‘

(FMiRE) (=100 %) TIREERSES B AN NSRS, kel aRe

{Tooth thickness deviation) | BEEN. EMXHNEE, S THEREEF-EEN: GEERSRE

= ) I HE, HWE ( RREMTR S ) , FENE ( MREAEND

HERE 2 100 % I ) .

Diameter deviations The taoth thicknses deviation of the cutter e genarally compensated by a correction
of the centre distance of the hobbing machine and is therefore not effective as &
tooth thickness deviation on the year. Frem this comaction, changss result on the
following diameters of the gear: root circle and effective root circle, tip ircle in the

[ b | cesa of topplng cutiers, effective tip circle In the casa of cutters with sami-topping. ‘
| EREE =100 % :

Profile deviation - \ -

Tip \ Roat
EWiRE |= 10%

Prafile deviation - \ -

Tip | B

EBiRE = 10%

Profile deviation P

T g g
Tip o= Root
i = 10%

ﬁ&ﬁﬁmwmzﬁm g

Profile deviation (only the deviation of the profile —

farming zone is effactive ﬁ]ﬁ S Lo

Tip Roat

ZE WG T Let-handed fiank

ERiRE = 30%
Profile deviation T = TN i

Tip D ~—" Root
R | =100 %
Profile deviation : e

L ~— i
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RN RESE ERREDER

Effect of the quality grades of the hob on gear quality

HEEEE, HAREHENAEADIN3Ic2BIDINIG74R 4
Ho, BENRRSA+-18E, SHASF1EH12iEH, &id
HMEREEEN.

BAFENNFHAAZHEDINGGBHEANER, RIEHBER
A, £93FA4 EH, DRERSHA, B, C, DHHRAA,

EIMEREEHNEREBLRZRUTSE, BLERIES
EEpEABEREFeSHRBEMREFMEREBERET—ER
Mo

AMAAEED, BRRREFNTERMRIESHREEN
B, RATREROEENTRSE, THEARMBEIREJRTEIE
HERH.

"MEBHEERE" RRERRELIREN2 /SRETH
TNERKNRTMEN, MEMBNEDERNLRNERRA,

~a
LMT-FETTE
W’

For spur gears, the tolsrances of their specification factors are
given in DIN 3962 to DIN 3967, The tooth quality is subdivided
into twelve guality stages, which are identified by the numbers 1
to 12. Gear quality 1 is the most accurate.

The parmissibie deviations for single start hobs are laid down

in DIN 3868. Depending on the accuracy, a distinction s made
bsetwesn five quality grades, namely the quality grades A, B, G, D
and the special grads AA.

The base pitch on the hob provides some guidance about the
total profile deviation on the gear. It therefors makes sense to
compare the base pitch deviation Fe within an engagement area
of the hob with the total profile deviation F; of the gear,

It must be considered however that the total profile deviation may
be caused not only by deviations an the hob itself, but also by the
hobbing machine, errors in hob and workpiece clamping, and the
cutting forces.

The table of “Attainable gear qualities® is based upon the as-
sumption that 2/3 of the total profile deviation on the tooth is
caused by the hob, and the remainder by the influencing factors
stated above.

’ ka1 DIN 3962%1-8.78554 t)
ﬁ#;‘gﬁllﬁ! : Attainable gear qualities to DIN 3862 part 1 —8.78 (F;)
Quality grade to WNER
DIN 3868 for Module ranges
single-start hobs iiber from
1-1,6 1,6-2 | 2-2,5 |2,5-3,55 3,554 4-6 6-83 6,3-10 | 10-16 | 16-25 2540
Fe AA | 7 7 7 | 8 | 7 | 7 | 7 8 | 8 | 7 | 7
A 2 10 | 9 9 | 9 | 9 | 8 | g | 8 | 8 | 9
B 1M1 11 11 11 10 11 10 11 11 10 10
c 12 | " 12 | 12 12 12 12 12 12 12 12
METFRESE12
Inferlar to gear quallty 12

BNLBETOTHASSEFADINIS6SIRE,

BEF16HF RN LSRN,
RE,

ENBSEHES. BEETRA

BERBHEMERREFENBARE, T FERTRR
AFEESEEA. ERWHEHT, ST TRARNERE
HERETERY.

ATHRERNHRR, SAESRXENESWITEREBR A
B: REATRATRER{TEE.,
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The permissible deviations for single-start hobs are laid down in
DIN 3988.

There are 16 individual deviations, which are partly interdepen-
dent, and ons cumulative deviation,

Tha contact ratio deviation F, within an engagement area, as a
collsctive deviation, is the most informative value whan assessing
hob quality. It also allows, within limits, to forecast the flank form
of the gear.

To maintain hob quality, it is necessary to check the permissible
deviations after sach sharpening operation for form and position,
pitch and direction of the cutting faces (item nos. 7 to 11, page
108).
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Tool holding of hobs in the hobbing machine

TIREREFEFTEHER: HERMGENE, RRE¥MI
BEPHNRABFTEN, SRERERESHN/TIFZAME
REUBHUFRAROER. AERLHLABRERHEEEES
WE.

BAOSREI/IIFZAHEZHAERRTEH : FLADHFXHE
T,

AXBIEFELTILA:

B I i 1R A3 R E A B TL

» — S WM LE [ A AR T B R L
" ERNELABERAEEBRIA

RSB TILE;

= WA A AR R ERE

B RA LR ERNEER

B AEEVNE AR, FEGTNERRSEERMERHENRR
w iy SRR

B RN E T AN AT NSRS SRR nER

BHHRZ—HERITESERIIRERE, REVNEHES
EFERTXHEBHIEES. EEEIFRTRLTEITHOE
72, AR BEREEN RS REREDRTESN. &£8
BRI TRTIANRFTERAIBEHEEFE. BREARHRL
ERXRATESSHNTTHHERFTRIER, Bik, £WX
HEREZNSAFRNREREOOREE, IRRENES
AEBARERHTX, RBEXEGRT,

IREARITENENETERENAREN., XEH—EN
GHEEHERN. REEXN/LANRERFEERIBREETHMN
IMERASERARIRET, AERAENTARERUENT
FNIKEFERENSATRE-MHBETFNRERE, ENEEREE
AEENESETAMN, EEEFADINIISKE, JLTRHER
RVFHEAT, —REBERNEEASDINISSHEFE (EER
HNURBHEEEE) . ERAERTEEE—RNRRES
B, FEFEITRERT (BEDIN1IBFEER, EHN
EEEE) , ARENNTUEEREIWNE.
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Tool holding has two essential functions: firsily to transmit the
torque, and secandly to locate the tool in the machine. The same
applies of course to the intsrface betwesn the hobbing machine
and the hob/cutter arber. The geometrical arangement of this
connection is largsly dstermined by the hobbing machine manu-
facturer.

The following two chief arrangements are employed at the inter-
face betwsen the hob and the hobbing machine/cutter arbor; the
bore-type and the shank-type hob.

The bore-type hob has the following sub-categories:

B Bore with keyway for positive torque transmission

B Bore with drive slot en one or both ends for positive torque
transmission

m Bore with frictional torque transmission on the hob face

The shank-type hob has the following sub-categories:

® Short cylindrical shanks at each end with positive torque
transmission

m Tapered shank at each end with positive torque
transmission

® Different types, cylindrical and tapered, on the drive and
support ends

m Hollow shank taper type

m Steep-angle taper on the drive end and cylindrical or taper
type on the support end

One of the variants described above, adapted to the function and
the task in question, is generally recommended by the machine
manufacturer upon purchase of a hobbing machine. Note that
there are differences in cutter head design and therefore in tool
hoiding arrangement from one hobbing machine manufaciurer to
the next. The use of adapters for holding equivalent toocls should
be regarded only as a last resort, as in the majority of cases it
results in a loss in quality on the machined workpiece. For this
reason, the compatibility of the interface must be clarified prior
to purchase of a hobbing machine. A large number of hobs is
raquired if hobbing machines are employed with different tool
holding arrangsments.

The most widely used hob typs is the borse-type hob with keyway.
Bore-type hobs are a good choics for small production runs and
whera requirements on the warkpiece accuracy are not particu-
larty stringent. Hobs are generally manufacturad from high-speed
stesl, with a keyway to DIN 138. Geometric requiraments parmit
designs with a drive slot on one or both ends to DIN 138 (and
also in shortened versions). Carbide hobs ars always manufac-
tured with drive slots on one or both ends, and almost always in
the shortened design (Y2 drive slot depth according to DIN 138).
Bors-fype hobs may also ba manufactured without keyway or
drive slot.
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Tool holding of hobs in the hobbing machine

E, ARTHEEEANRIERGRERE T, SELH
REF. HARETRIBER, kENFELRTIRHN. FR
EXMNWHBITRRE. RBAEOTH (7TH) . EWINITEE
B 6 E0 FE R T A R R T A ML R A R

THROEMERBENSEMNTES TRRFZR, BEERRNS
MEREETAEARAENNTER,

NEDIHE, bUTHERGREROMNERET(ESEHRE
BRIk

wNERFEE RNEFEFEE

1] — IR R Rh i

Hob clamping Hob clamping
Keyway Drive slot at one end

—

BMARKRER MAERTER
BEEIEER B
Hob clamping Heb clampling

frictional torque transmission cylindrical shank
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Hobs with short cylindrical shanks at both ends are increasingly
being used, particularly for large production runs. The advantag-
es are fast tool changing and very low runout of the hab in the
machina. Praalignment on the cutter arbor is not required. There
is no interface element {cutter arbor). When hobbing machines
are purchased, attention must be given to the compatibility of
hobs on hobbing machines from different manufacturers.

The other hob types described above represent further possible
solutions which should however be regarded as special cases for
the fulfilment of specific customer requirements.

If required, worm gear hobs are manfactured with an interface
geometry that has been adapted to the hobbing machine (refer to
Worm gear hobs chapter).

R7EEFEE
3 ER T

Hob clamping

Drive slots at both ends

I
i

A0

ANERTEH
SERHR
Hob elamping
tapered shank

$EEET:24

Taper 7:24

@ =BHERHEHE Runout Indlcator surface
v = EE#EO Mounting surface
== = %A Clamping force
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Basic tool profile and gear profile in hobbing

HEARERHREOS RN IRE,

BERMTIANBXEFRE.

Pre-formed helical spur gear face profile with chamfer and root clearance cuf,
with corresponding basic profile of the pre-forming tool (Protubsrance)

HAETTR
Effective involuta

g i

|
|

AN ¢
> .
| “ Y

WITERON
Protuberance
invalute
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L\ S ’
’
’

\
\ SEEANEE

i\ ¥ Rack pich lIne
i of angagement
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Basic profiles for spur gears with involute teeth

HAKEEEEERINEDRERCTRFEVENETEL (5
ERHASEENEE) .

HMARBERBATERNES. BRERHED, HTK0H
OB MN, YENMETHEEN, ERNESTERRGE
HEXHEMNERE., BRBRMTUEREEeRERTRERIH
REESEREIMSZRENTEHRRTR,

BTFEAEMERERIEFASERES THER, BEURAED
HHRBERTERY ‘S5 (BF) 50" , FUETLER
EIEAESEHED.

EXEBHELNT:

Hii A ErEREEERGRnERnER LR, 4
MnEHAETHEREBSAEMHEFESHRRES, I
B SMER RN E R ER.

HASRESEROEXRERNNEERLLS. 485N H RN
BWPWE.

MREFEBHELSHRREM,. AHERKERAR (L.
mm), ERAEEpS v ARBIA. BOIEERARMENE
EXEXGRIEE.

HRSTREEFERES, AMEERSEHES THER—
¥,

ERHEEEHRT « mo
BFEAERHERASSEMNETASM, BhERERES
HEREN EREEEERAH — T EHAROEE. XERE
MRS EEE IR ANRIC K .

BEERMNEER. cpETHEERNERENF,
AXEHEAFERERERDITEELETSN:

DIN867

DIN56400
1S0O53
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The flank profiles of spur gears with involute testh are in the face
section (plane of section perpendicular to the gear axis) circular
involutes.

The form of the involute depends among others on the number of
testh on the gears. With an increasing number of teeth the curva-
ture of the involute becomes pragressively weaker. At an infinite
number of testh the spur gear becomes a tooth rack with straight
flanks. The tooth rack can therefors take the place of a spur gear
and ensures an even and trouble-free transmission of mation
when meshing with a companion gear.

Since the form of a rack is seasier to describe than that of a spur
gear, it suggested itself to apply the tooth values of spur gears to
the ‘reference {basic) tooth rack’ and to refer to the latter as the
basic profile.

The definition of the basic profile is as follows:

The basic profile of a spur gear is the normal section through
the teeth of the basic tooth rack, which is creatsd from the
external gear teeth by increasing the number of testh up to
infinity and thus armriving at an infinite diamster.

The flanks of the basic profile of an involute tooth system are
straight lines. Valuas of the reference profila ars identified by
the additional index P.

The basis for the measurements on the basic profile is the module
m. The module is a length measurement in mm. It is obtained

as the quotient from the pitch p and the number z. it is usual to
define the measurements of the basic profile in proportion to the
module.

The profile referencs line intersects the basic profile so that the
tooth thickness and the tooth space width correspond to half the
pitch.

The addendum is generally 1 - m.

Since the tooth tips of a companion gear must not touch the bot-
tom of the space between the teeth of the gear, the dedendum
he, of the basic profile is larger than its addendum by the amaunt
of the tip clearance cp.

The profile angle ap, on the basic profile is equal to the normal
pressure angla of the cotresponding gear.

Details of standardized basic profile for spur gears are found in:
DIN 867

DIN 58 400
1SO 53
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Basic profile of a spur gear

p=x
A Em i "2
Mating profile ¢p
\ B
|— ~, Tipline |
J !
WP 4!_ _!
1 | = 3 |__ hp
he ' '
| |
| |
k] .
Root line -ﬁﬁgﬁ]ﬁ%u#sﬁ

2 EE$EE
Proflle refersnca line

Ll

Tooth centra line

i i PR
Tooth root space
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p=m-n = #j5
Pitch

ep = EESELE LM
B E R R

Tooth spacse width on

the profile reference line

sp = EESEE LN
HE
Tooth thickness on the
profile reference line
he =EE
Profile height
hap = ﬁ]ﬁﬁ
Addendum
hw = HHRE
Dedendum
Up = ﬁﬁﬁ
Profile angle
or = WRETRYEE
Root fillet radius
hwe = BRI AR B
5415

Common tooth height of
basic profile and mating profile

cp = B igm S &t i i

U T i) R

Tip clearance between basic
profile and mating profile

EERHEFERASHPET.

The basic profiles of spur gears are denoted

by the index p.
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Standardized basic profiles for spur gears with involute flanks LMT- FETTE
HARiEnEXED p =ik
Basic profiles for invoiute testh Pitch
o —RBSEREHERRES
1 Tooth space width on the profile refersnce line

sp =HRESEHENER

=il Tooth thickness on the profila refaranca line
he =2HH
Profile height
hp = BTHHE
Addendum
her hp = HiEH
Dedendum
op =WEMA
hee Profile angle
or = HREEERS
Root fillet radius
hwr = BEZEGEMMEEEEN
i 1 1
Common tooth heigt of basic basic profile
DIN 867—H tr ¥ & A and mating profile
(TR &) cr =EFRESESHEEZBNERER
DIN 867 - Basic profils for spur gears Tip clearance between basic profile and mating profile
{cylindrical gears with involute teeth) m =i
hgpg =m Module
fi = Cor = HIEHME
Cp =01 -mbigiv0,3-m .
= 04 -min B3R in special cases h ;’I‘;l_e;‘j;r_;t‘; P
hee =2'm CaP =
OiPmax. = 0,25 - m % atecp=0,17-m Height of the addendum tip relief
=038-m & atcp=0,25-m
=045-m & atcp=03 m
2
P
p p
F Car
‘ Il
T heas !
e | A
f TN T ke
e | | | |

1SOS3—#F I 25 3 1y 4 40 1S 35 & 1 B

|ISC 53 - Basie profile for spur.gears with involuts flanks

P =m-'n
e

Sp —2

hee = m

hp = 1,25-m

he =225-m

ap = 20°

gp = 0,38-m

Cer = 0.02-m

hgap = 0,6 - m
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Basic hob profiles

WNEERBEL
BENEXEEOELREREELRESERNBIN, HELRE
RATRE—EREAMEHRETF, MEFEERIHERHR
A, BARFEEIXERHER.

—HIER FTREINESEEENINT:

BETNRHERRENE—TERAERNELAERERRE, HELT
FUHTETHEE/RA:
mifdE FNESRRAEI NS EEELE FHS,
B iREESTSEELNEE.
ETHENBEENTERNESE.
REBEREWNEERN, SEEFEREISHIEERNE
IRHBRUERSER (R ) SERTREREER>
E TR AN,

BT T fFH i i MLk B2 1048 X B &R o
AGEA AR TTENETRRATNT THHEEXER,
0 7 2 T T R R T SR M Bt A U R

i) R Py e
BIAKXTRERRSEERAGESER. EXARTHERSEE
SHERHERE—HN, ANEES,FTEHEN—¥, #]
Bharo « SEFHERNEEEhENE, HTENLER Caro,
SFTEXEELHERENEEer,

MREFETIOEWBEEMERBE, to@s, LEEE,
Of%, BAARANENTUAREFEREE, BEAENE
WA W E e Ee,

FEAPHEARITEBEL THRERSH:
DIN3972
DINbG8412

7t iR 7] W
EXFIERF—EMBEARIER, FEELENERET
WEIER. BNEE., NEARANERERE, TEMETLR
HERE—EMME, HFABRERTEEGHRX. WilEHe
ARFATHEEF RN ENEEMTHEARTETAENR
BHAmEE,
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Defination of the basic hob profiles

The definition of the basic hob profile is gensrally derived from
the basic profile of the spur gear teeth. This procedure applies to
spur gear teeth only within limits and cannot be used for special
tooth systems, since no basic profiles exist for these.

Tha basic hob profile can generally be defined as follows:

The basic hob profile is the normal sectional profils of an imagin-

ary tooth rack, which meshes with the workplecs teeth under the

following conditions:

B The basic profile line of the rack rolls on a defined pitch circle
diameter of the workpiece.

® The pitch of the rack is equal to the pitch on the pitch circle
diameter.

B Meshing with the workpiece takes place:

— according to the basic law of the tooth system, the com-
mon perpendicular passing through the contact point of
pitch circle and reference line (rolling point) in the contact
point of gear flank and tooth rack flank, or

— through relative paths of paris of the tooth rack profile on
the workpiece.

The computing and design effort for determining the basic profile
depends on the nature of the workpiece teeth. The simplest is the
determination of the basic hob profile for spur gears with involute
flanks.

Basic hob profile for spur gears

with involute flanks

The hob or tool profile is the mating profile of the spur gear teeth.
The profile reference lines of the basic hob- and spur gear profile
coincide, . e. the tooth thickness spp equals half the pitch. The
addendum h,py corresponds to the dedendum hyp, on the basic
spur gear profile and the addendum radius ggpy is equal to the
dedendum radius p on the basic spur gear profile.

Tha samsa hob can be used for producing spur- and helical gsars
with any number of teeth, helix angles and profile displacemeants,
if the basic hob profile doss not contain any profile modifications
such as chamfer, tooth profile comrsctions, protuberance setc.

Standardized basic hob profiles are shown in:
DIN 3872
DIN 58412

Basic hob proflie and hab profiie

The basic hob profile must not be confused with the hob profile.
Although the basic profile forms tha basis for the calculation of
the hob profile, the diameter and the number of starts of the hob
also affect the hob profile. The details concem the hob manu-
facturer. Ha has to snsure that hobs with the same basic profile
produce identical teeth within the scope of the permissible hob
tolerances.

-
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Basic hob profiles

ENEEHR

Basic cutter profile

DaPo
——
T o
| s
hNaF'D i
' p
e
hyreo |
|
i !
I
Q1P
TRRESEH
Tool profila reference line
DIN3972iR it MR T 1E R

Basic hob prefiles io DIN 3972

1
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heg

heg

p=m-% = &5
Pitch
Spo = &R
Tooth thickness
hpg = R HE
Profile height
hapg = TS
Addendum
hwo = HHIRE
Dedendum
tpo =&ES (MEAF)
Flank angle (pressure angle)
DaFo = ST EM S
Tip radius
oo = HRENEE
Root fillet radius
hnaro = B EIE
Effective addendum height
hyma = GRERE
Effective dedendum height
&7 7] B30 B (5 FE Bt
SMPOMRE,
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Values of the basic tool profile are identified by the addition of

PO indexes.

hepo = AR5 B8 5 T &
Addendum of the basic profile

he = i IRE E-Y1HIRE
Profile height of the gear = cutting depth

hpo = BFREEH
Profile height of the basic profile
spo = %

Tooth thickness

Capo = IR THE T H
Tip radius
oro = HiRE T EE

Root fillet radius

DIN3g72— % & EM
I-BEJ1 205

DIM 3872 — Basic profile |
20° Pressure angle

Napo = 1,167 - m
hp =2,167-m
hpe = 2,367 -m

QaPn = 0,2‘I‘I’l
oro = 0,2°m

b1
SBpp = Z+m
ST

HnT

for finishing
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DIN3972—E &M Il
—EhfH205E

DIM 3872 = Basic profile |l
20° Prassure angle

hgpp = 1,250 - m
hp =2280'm
hro = 2,450 m

QaPp = 0.2-m
omp = 0,2-m
=K,
Spp = 3 m

Mmx

for finishing

DIN3g72—E &kl
—HEN P20

DIN 3972 - Basic profils Il
20° Pressure angle

hepa = 1,25 - m+ 0,25 ¥m
hp = 2,250-m

hpo = 2,450 -m

espp = 0,2°m

2mo = 0,2 «m

8pp = E‘I'ﬂ

q =025Ym sin20°
- [T p

for machining prior to grinding or shaving

hapo

20°

he

hpa

DIN3972—E&EFERNV
—EhR20E

DIN 3972 — Basic profile IV
20° Pressurse anglle

hepa = 1,25 -m+ 0,60 Vm
he = 2,250 m

hpg = 2,460 -m

agpu = 0,2.m

Bpo = 0,2-m

8pp = g’m

q =06%¥m -sih20°
Wi Tei#EiTinT

for machining prior to finishing
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Basic hob profiles

DING84128 iR 71158
Basic hob profiles to DIN 58412

hpo = EXRBERS

Dedendum of the basic profi

hpw = ERSEXREREETZEANIES
Distance beween the tooth root and the end of the straight flank of the basic profile

hpg = EERHREY

Profile height of the basic profile

he = EREEWEE = THIRE

Profile height of the gear = cutting depth
Spo = g «m =% Tooth thickness
garo = BHHEFLE

Tip radius

Qo = EHREEE

Root fillet radius

;
Vq

2
Vo

Ui | jnTDINsad00k R S a A 7 R0 H
For gears with basic cutter profile to DIN 58 400

For gears with basic cutter profile to DIN 867

= }mInmaerﬁ&ﬁﬁmgxnaﬁm

DING8412—H & EUI
~-Wi-Ehf20®

DIN 58412 — Basic profile U |
topping — 20° Pressure angls
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hfpn = 1,1 +m
hpw = 2,2-m
j hpw = 2,2-m
he =hpa=26-m BHH 0.1-0.6
hpwe |PPo he = hpg=2,45 - m#EMELF 0.6~1.0

hipo gapo = 0,2-m
orp = 0,2-m AR max. size
WinT
for finishing

6 DIN58412—— B A RN
—JE - M205E
DIN 58412 — Baslc proflla N1
non-topping — 20° Pressure angle
hpog = 1,3-m
hpw =24-m
he =26-miEH% 0.1~0.6
hp =245 -mE#XT 06-1.0
hpw | P hpg = 2,8-m¥E¥Y 0.1~-0.8
hipg hpg = 2,65 -mEBXTF 0.6~1.0

QaPp = 0,2 -m
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emo = 0,2 - m P X R max. size

M|mx
for finlshing
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DINS8412—E A ikMU2
-Tm-E 205K

DIM 58412 - Basic profile U 2
topping — 20° Pressure angle

hpg = 1:m
hpw =2:m
h hg = hpp=225-m
Ppy | PO garo = 0,2-m
heo omo = 0,2 -m A RT max. siza
WinT
far finishing
: DINS84 12— HEN2
— WY -EH208
DIN 58412 — Basic profia N 2
non-topping — 20° Pressure angle
hpg = 1,2-m
hpw = 2,2-m
hp =225-m
hpp = 245-m
hey | 1PO gepa = 0,2-m
hreo oro = 0,2 -m AR max, size
HinT
far finishing
8
DIN58412—E & ik gV
—HETE-E A fm208
Srp DIN 58412 —Basic profile V1
@aro non-topping — 20° Prassurs angle
I 3 4 i hpg = 1,3-m
Ly W A he =2,6-m B¥H 0.3-0.6
hp J i J \ hp =245-m &¥XTF 0.6~1.0
A N e hiro hpo = 2,8-m #EN 0.3-0.8
| | % lhwo heo = 2,65-m #MAF 0.6~1.0
1 - i ol = 2
R %0 =g Tosw
@rg 20° @apo = 0,1-m
oo = 0,2-m BAR max. size
q =005 -m+0,03
HinT
for pre-machining
g DIN58412—Hk Atk g2
AP -EH 208
5 DIN 58412 — Baslc proflls V 2
o non-topping — 20° Pressure angle
g~ o hwo = 1,2-m
‘| ‘.‘ ',' i : hp =2258-m
N ' v hpu =245-m
ho| o N L -
K | ‘\ r’ T T | hm 8 —E.m_ 2q
! \“ I-'l | I‘ hﬂ PO = B COS
= T ! i Qapg = g,1-m
Oy | oro = 0,2-m |MER max. slze
200 1 q =005-m+0,03
EinT

for pre-machining
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Basic hob profiles LMT-FETTE
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Basic hob profiles for diametral pitch tasth

here = EREBRENS

Addendurm of the basic profile
hp =GRENEE-HNRE

Profile height of the gear = cutting depth
hpa = Eﬂiﬁﬂﬁﬁ

Prefile height of the basic profile

Spp = ﬁﬁ

Tooth thickness
hero = ERRE

Height of the correction
Cro =(ERERE

Width of the correction
Rero = B8 3£2

Radius of the correction
oapo = HTHEFISE

Tip radius
oo = HREELEE

Root fillet radius

1

iE M F1959sEBS2062
E—#am#aEDP1~DP20
Qa0 Sen Ehm20E
For teeth to BS 2062,
T Part 1, 1859, for DF 1 ~ DP 20
i 20" Pressure angle
_ 125
he N harg = -2 25,4
_ 225
i_ hp = =2 254
j _ 245
i o hpy = OP 254
heeo Spp = % 25,4
20°
hero = 253 254
Cro DP
_ 0,019
Cpo = —po- 254
_ 129
Rcpo = DP 254
QaPp = % 254
oRi = % 25,4
12
B T1968FFE AGMA201.02
KR DP1~DP19.89
Spo EAf14E305
For testh to AGMA 201.02 - 1968
= —— for DP 1 - DP 19.98
| 14° 30" Pressura angle
Naro
| 1,157
hapg = ~=3° 25,4
(N e - =
| hg = W 254
g 2,357
A T W | — L hpp = o5 254
! _ 1,5708
14° 30 | i =
st Qi oi:z;gs 254

-02
om0 =g 254
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B F1968FAGMA201.02

B ##DP1~DP19.99
Ehfac20m

For testh to AGMA 201.02 — 1968
forDP 1 -~ DP 12.89

20" Pressure angle

hero = 1222 25,4
g DP
2,25
he = 5 254
- 245
| heo = F5 26:4
_ 15708
S0 = ~go— 254
- o3
QaP0 = 55 254
_02
oro = 5 254
14
B F19884£AGMAZ01.02
B HADP1~DP19.99
Qerp Ero EA 208 ai
/ Stub-Verzahnung
1 = For testh ta AGMA 201.02 - 1968
i | for P 1 - DP 12.88
| ; harg 20° Pressure angle
1 fub-f
he _I__ o __l__ A stub-tooth
1
e il
i | hapa = g5 26,4
1S == S i =55 | _18
| he = g5 254
(421] ! =
| hpo = OP 254

20°

s & % 254

= opge 22
QaPo = QiP0 = bF 25,4
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Profiles of current tooth systems and correspending basic hob profiles

WARMERAAER, EXNRLE, WDIN372I-N,

MWITEHEREL T S8 #Y, EHf. SNEFEERR
M EEEH

I#
Workpiece
h = 5= =108 R &
Profile height = Cutting depth

ha = ﬁ']ﬁﬁ
Addendum

h = &R®
Dedendum

~a
LMT-FETTE
W’

Involuts tseth for spur- and helical gears, basic cutter profile
e.g. DIN 3972 |-V,

When ordering please quots:
Moduls, pressurs angls, basic profile of the teeth or basic
hob profile.

b FaF T80 ]
Basic cutter profile
hry = RS E
Profile height
happ = ¥ T 3
Addendum
o =Ehf
Pressure angle
% = m=4§
m = Module

WERETS O RE GRS T, SO By B
LEHEHRETT.

NEITHEBERKLUTSE: &, Ehs, &8, #LneE
A, ERARURERNENEER, SHNELBRENTER
BEMERSETESEN.

WEERARIRE, BEXNENESE. £HER, SAEEE
EiEEFERIIREIESTUSHENERHEEE,

I#
Workplece
hoer = RS E = E
Height of tha tip ralisf

cep = HRTH
Tip relisf

124 www.Imt-tools.com

Involute teeth for spur- and helical gears with addendum tip
relief. This profile shape Is used to avold interference when the
gears roll into mesh.

When ordering please guote:

Madule, pressure angle, number of teeth, helix angle,
profile displacement and fip circle dia. of the gear, basic
profile of the teeth, helght and width of the tip relief or basic
hob profile.

Gears of high-speed transmissions are corrected In the

tooth tips to reduce noise. In this correction the elastic tooth
deflection has been taken into account. The cutter comrection
is then matched to the number of igeth to be cut on the gear.

WNELER
Baalc cutter profiie

hepo = 45 b1 E R0 i 88

Hsight of the correction aver the referenca line

Rero= BB

Radius of the correction



HEHANBFRHERMAES.

MEITRRBGUTEE: B8, EhA, &8, SRR
#, BRABLURERNENEES, SHEAER, BRLE
FEARERRIHERER,

HEHEHE WA FRPERRE, BRRPETLSEFMRE™
£EW. W= RIEEANREEER, BINERERERLSRE
fTRIFAEAF AR AREEEARHLE. BDSRMRT
SREESEEHNNTEN, KEEEYNAPTES, TR
ER—TRARTLER SRR ENHBNT,

I#
Workpiece
hk = T8 f8 9 E L e 65
Radial amount of the tip chamfer
ox=HRAMHE

Angle of the chamfer

~a
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W’

Involuts tseth for spur- and helical gears with tip chamier.

When ordering please quotes:

Module, pressure angle, number of testh, helix angle, profile
displacement and tip circls diameter of the gsar, basic profile of
the teeth, radial amount and angle of the chamfer or basic hob
profile.

The tip chamfer can be regardsd as a protsctive chamfer, which
protects the tooth tip edge against damage and burring. For
long production runs it |s advisable to chamfer the gear tip edge
simultaneousiy with the hob. The number of teeth range which
can be cut with one hob is in that case limited, since the size of
the chamfer would be reduced with fewer teeth/gear and great-
er with more teeth/gear.

WNEELER
Basic cutter profile

hero = BN EX BB FRERR
Effective dedendum of the basic cutter profile

owro = BIR ERIFRE

Prcfile angle of the chamfer flank

HHERNREER) TR EERRAERNSE, Rk
BREATH, B, SWHER.

WRITHERAUTSHE: &, EOHfA, EXER. nIxk
MBI EA R EEERE.

ERTFOAENNTEYSANTHEEESREN. X ERE
WAL E R T e AR ey, o505 R0 Hl 3R i T 8 1 R
=

I#
Waorkplece

q = mIxl
Machining allowance

Involute tooth system, for spur- and helical gears with root
{protuberance) clearance. This profile formation is chosen for
gears which are pre-machined for shaving, grinding or skiving.

When ordering please quote:
Module, pressure angle, basic profile of the tooth system,
machining allowance and root clerance or basic hob profile.

Gears which are cut with shaving- or grinding allowance are
best made with a protuberance cutisr. The tooth root clearance
obtained with this increases the service life of the shaving tool
and improves the quality of the shaved or ground gear.

BARELR
Baslc cutter profile
Preo = il
Amount of protuberance
www.Imt-tools.com i25
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Profiles of current tooth systems and correspending basic hob profiles

HERRER (26 ) PEMERFTRE SRS ERiE.

R IR RN R T RSB M T, R T
HTmIEMER.

WEITHRRELTSE: 88, EhR, &, SHERRR
f, EREMURERGENEES, SRianiisrEiR, 8
AAERNEANEEERETERLE.

I#
Workpiece

~a
LMT-FETTE
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Involuts tooth system for spur- and helical gears with root
(protuberance) clearance and tip chamfar.

Thizg profile is used for gears which are pre-machined for
shaving or grinding and which are to exhibit a tip chamfer in
the finished condition.

When ordering pleass quote:

Maodule, pressure angla, number of teeth, hselix angls, profile
displacement and tip circle diameter of the gear, basic profile
of the tooth system, radial amount and angle of tha chamfer or
basic hob profile.

hirseo]

RANEELR

Basic cutter profile

TR AR (TR ) SRR e g, &
R LU LR 15 AR .

MRITHERGLUT S8
AR,

WD EEREMTRTAFRNHER, ATRAX LA
BRI, R, FRIHEEENIHERETNNIIR,
REENASHEMEHNEES, JBERBSARAERE, T
BAGRUE U5 42 7. Fo i 2 18] ) ) O

"“TEImMT BT AmEEEs

I#
Workplece
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Involute teeth for spur- and helical gears for the simultanecus
topping of the outside diameter (topping cutter). This profile
type can also be used for all the previous profiles under 1 to 5.

When ordering please quote:
“Topping cutter” and the details according to the pofiles 1 to 5.

Topping cutters are mainly used for relatively small gears, to
achieve good concentricity of the tooth system in relation to
the bore. In particular, topping cutters are used when the bore
is only finish machined after the teeth have been cut. When the
parts are clamped over the tooth tips, accurate concentricity of
the bore in relation to the teeth is guaranted.

BmNELER

Baslc cutter proflie
hpg = h



ATRFHEIHNERINATADINGIS7TIS 188 &, &
FER AT ESDINGI96HE, BTIMNEFEREADING1GT
.

NEITEFRELTSH:
BYE, BTHR, ERHDINFEER,

I#

Workpiece

p =&Y E Chain pitch

dy = 38 F E # Roller diameter

d = T EEE Pitch circle diameter

di = d-d1=#4R B E & Root circle diameter
da=EMEE# Tip circle diameter

~a
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Sprockst tooth system for roller- and slesvetype chains fo
DIN 8187 and 8188, tooth system of the sprocksts to DIN 8196,
basic hob profile to DIN 8187,

When crdering pleass quots:
Chain pitch, roller diameter, DIN standard of the chain.

BNEFER
Basic cutier profile
Pro = 1,005:-p= EREGHETEE
Pitch of the basic profile

hapo = 0,5 dy

BEEERNN ( B8 ) FEDINB1S0EE,

HWITHMRGEL TSN

#PIE, BTER, S2MNDINIREER. ERERSERHN
REFEWTESDINGIS0EE, EXEHHRER, BIMER
EHNEABER20E,

Ift
Workplece
di =d-d;

Sprocket tooth system for Gall's chains (heavy) te DIN 8150.

When ordering please quote:
Chain pitch, roller diameter, DIN standard of the chain.

The basic cutter profile for heavy Gall's chains to DIN 8150 is

not standardized and is made by us with a pressure angle of
20°.

40°
20°

/ -

QaP:/

BRNEFEN

Baslc cutter proflle

Qarg = 0,54 - dy

hgpg = 0,5 - dy

hpg = d1 +2bistod; =5
hpg =di+25firford;>5
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Profiles of current tooth systems and corresponding basic hob profiles LMT- FETTE

HEXERIMMSDING1644RE .
MWITH R T8,
$HE, BTES, SRNDINGREER, EEASRNIRE

FEBFEDINGIs4EE, EXREEEL, BMEBERER
RENREHR20E,

I#
Workpiece
di =d-d

Sprocket tooth system for barrel chains to DIN 8164,

When ordering please quote:
Chain pitch, roller diameter, DIN standard of the chain.

The basic cutter profile for barrel chains to DIN 8164 is not
standardized and is made by us with a pressurs angle of 20°.

40°

QaPu/
BNEFER
Basic cutier profile
Qaro = 0,54 - d4
hapo = 0,5 - dy
hapn = d1 + 1,5

ERERPUA . FHEONTEE (SO0 ) BHNRELE
R

WMEITHFREL TSR

RfEdi, ShfEda, EEEED, EH, LEda, diflbRAE,
WMAEEEETHREZSHGDINHERE, SHER: “Z0
B, ZEAE" .

f/UBOHEZEUBERARAT MM BTN IHAL,
HRERAHASEETEBHER, SRERNRNBARREE
B, RESNLefENERED, RERhSERERN L,
EEHSHRTRATHNEEA). ERREAARNSEZAF
SREERAR, HEMTHEIBT—ENEERRRE,

I#%

Waorkplece

d =@ HE#£ Inside diameter

d, =4p M Outside diamster

b =#%@W%E Spline width

dy = HBEREEER Form circla diameter
FEEd M I ER, dell FHEE.

Spline shaft tooth system; basic cutter profile without clearance
lug, without chamfer (flank centred).

When crdering please quote:

Inside diameter d;, outside diameter d,, spline width b, number
of splines, tolerances for d,, d), b. Possibly also DIN standard of
the splines shaft.

Designation: “Without clearance lug, without chamfer”

Flank centred spline shafts which find sufficient clearance for
the internal and the external diameter in the splineway, are
produced with hobs without lug and without chamfer, It must
be noted that for technical reasons inherent in hobbing no
sharp-edged transition can occur from the spline flank to the in-
side diameter of the spline shaft. The size of the rounding curve
depends on the spline shaft dimensions. It must be ensured
that no overlapping occurs between the rounding curve and the
splineway. It may be necessary to fall back on a tool with clear-
ance lug.

. ___‘l___ AN

BRFEN

Basle cutter profile

Abova dr; the spline flanks are straight, below drs the rounding curve starts
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EREWANN; FORNMGHNRELES. NEITHFE
HEUTSE:

MERdi, HERda, EWEED, EWY, HHRTg ANE
Fda diffERERDRALE. NAREETLUIRHLRMAIDIN
HiERE, BHER: "HON, TER"

AREATAELERBRBERPHNHHERTESENRAT
AN, RNEEHEOH. REEALHAREIAARER.

I#

Waorkpiece

di = HRE® Inside diameter

da=$pE# Outside diamster

dg= fEf® Base dlameter

b =3R®EE Spline width

g = WBMAEE Width of the tip relief

~a
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Spline shaft tooth system; basic cutter profile with clearance
lug and chamfer,

When erdering please quots:

Inside diameter d, outside diameter d,, spline width b, number
of splines size of the chamfer g, tolerances for dg, d;, b,
Possibly also DIN designation of the spline shafi.

Designation: “With lug and chamfer”

In order to achieve with intemally centred spline shafts a correct
bearing down on to the spline shaft base, the hob is generally
made with lug. The necessary clearance in the slot cormers of
the splineway is achieved by the chamfer.

BNBRFEN

Basic cutter profile

EERWMIE: FOREMARKTIAERER (EHES ) .

HWITH R T S8

AE®Ed, spERda, ERKEDL, ERY, da, diFbHL
. MARASTUESKESMAODING ERE. EHER;
“WhE, T8A" .

CR KA MEATR . 0 RTEM S B B & 518 R S E
HRZEAHEAMESX, WAREWEHE,

I#

Waorkplece

d = A E# Inside diamster
d, = $hE & Ouisida diameter
dg= &% Base diameter

b =3k@EERE Spline width

Spline shaft tooth system; basic cutter profile with lug without
chamfer (bottom fitting).

When ordering please quote:

Inside diameter d), outside diameter dg spline width b, number
of splines, tolerances for d,, d), b. Possibly also DIN standard of
the spline shaft.

Dasignation: "With lug without chamfar”

Tha details under fig. 11 apply to the lug. A chamfer is not
nacessary if sufficient clearance axists between the spline shaft
outside diameter and the corresponding splineway ouiside
diameter.

.____l_____

Bk ¥ 4]

Baslc cutier profils
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Profiles of current tooth systems and correspending basic hob profiles

ERERWAE: TORHFEARNTIREXER(EBES).

MWITH R THE:

MERdi, EEde, EEEED, E@ENE, da, diFbAE
=, MERMEFCURSAERMADINEIERE, BHER:
“Emm, HEfsT .

HMRAEOCERMEATHFORREAMNT, WARTHREH L&
HERSHERT2LETIRAR.

I#%

Workpiece

di = BER Inside diameter

dx = ShE# Outside dismeter

b =#®MEE Spline width

g = MEPHEMER Width of the tip chamfer
dr = EIERE Form diameter

~a
LMT-FETTE
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Splins shaft tooth system; basic cutter profile without lug with
chamfsr (bottom fitting).

When erdering please quots:

Inside diameter d,, outside diameter d,, spline width b, num-
ber of splines, tolerances for dg, d;, b. Size of the tip chamfer g.
Possibly also DIN standard of the spline shaft.

Designation: “Without lug with chamfer”

If internally centred spline shafts are cut with hobs without ug,
chamiering on the teeth of the splineway must ensure that inter-
ferance with the rounding curve of the shaft are impossible.

BRNEHHEN

Basic cutter profile

EENERNE: F—TORNAKMTNIRERER (@M
BEEED) . BENERTSAERFEEHMNNE.

MEBITHRRRMUTBE . HEEMERda, EWEED, 7
#UYR, da, difibMLE. NEHGEETLRGEERAIDIN
HSAERERE. @ITER: "W 1TOLAMEAT

WE O S RERUMA— 1 BT 5 EE BB IIRMT,
RARF P OBHER. 71 RE 58I 5 LT
AREROZEAREH— 0B (HETOLEMER) -

I#

Waorkpleca

d = JE#L Inside diamster

da = §pE$ Outside diamster

dg= JE#= Base diamster

b = W Spline width

g = W% EHEE Width of the tip chamfer
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Spline shaft tooth system; basic cutter profile with one lug with
chamfer (Side or major diameter fitting). This profile occurs e.g.
in-the case of SAE spline shafis.

When ordering please quote:

Inside diameter d;, outside diameter dg, spline width b,

number of splines, tolerances for dg, d, b. Size of the tip relief g.
Possibly also DIN- or SAE standard of the spline shaft.
Designation: "With one lug and chamfer®

Flank-centred multi-splined shafts have a very deep spline pro-
file and are generally produced with hobs which only have cne
raised tooth tip. The tooth tips of tha basic cutter profile are so
narrow that there is only sufficient space for one lug (equivalent
to raised tooth tip).

6 Wk %30 )

Baslec cutter proflle



ERERMAE; FOERFUESRONRERER,

MWITH R T8 :
D ERds, DEERRYOFEHRYT,

MREEEEEN, BLEBLEZHRMPSRECE, HINE
BEfTmT, EERSREFERTE, NRETEENEEHSE
e oS EL T SO R R —

I#

Workpiece

d = RWER Inside diameter

dy = SpE#E Outside diameter

dg = KE# Base diameter

b = EMHEE Spline width

ds = &F K% Shoulder diameter

g = M#EAERE Widih of the tip chamfer

~a
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Spiine shaft tooth system; basic cutter profile with raised tooth
for through-cutting a shoulder.

When ordering pleass quote:
Collar dia. dg and algo the details as undsr profiles 10 to 14.

If'in the case of spline shafts the splineway is to be pushed
against a shoulder of the spline shaft, the hob cuts into this
shoulder. Since, however, the outside diameter of the shoulder
must not be machined off, the teeth on the basic cutter profile
must be made correspondingly higher.

WNEEEN

Basic cutter profile

SEEMER, FEDINSASIRE; EXMBEHT7 xB8E55x60,
HEFEENHEENRERERENRN, THRETNAR
LTEFREPANAXESEEACR, IREXE, IRER
EhEHEE,

WEITEREEL TS

F|EBEMAZHDINGE, MERMHME, RIMNBVLAMIN
MR E RER T RN E TR,

515 40 1 A Sl X 9 R UC TR A0 B 42 9 %

Warkpleca

di = RMEE# Foot circle diamstar
d = ¥ AR Pitch circle diameter
dys = TIEEE Tipcircle diamster

Serrations to DIN 5481; nominal diameter 7 x 8 up to 55 x 60.
Basic cutter profile with convex flanks for straight workpiece
flanks. Cutters with siraight flanks can also be used for the
nominal diameter range stated above, If this has been arranged
with the customer in advance.

When ordering please quote:

DIN standard of the serration and tolerances. Unless otherwise
arranged, we supply the hobs with straight flanks for convex
waorkpigece flanks, as under fig. 17.

Serrations are used for making form-fit plug-en connections.

ANEEER

Baslc cutter profils
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Profiles of current tooth systems and correspending basic hob profiles

BEWER, MADINGASIRE; EXEEAT7 x8EI55 x 60
B0 xB5E120x125, MENEMNTFHRAELKUNRELHE
B, EXERET7 <855 x 60 I AERGER (MEAFR) &
ATEER,

MWITHEEEL T4
ERFRERHENRTELEERMDINGE,

If#
Workpiece

~a
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Serrations to DIN 5481; nominal diameter 7 x 8 to 55 x 60 and
60 x 65 to 120 x 125. Basic cutter profile with straight flanks for
convex workpisce flanks. For the nom. diameter range 7 x 8 to
55 x 60 basic cutter profiles as under fig. 16 can also be used.

When ordering please quots:
DIN standard of the serrations and tolerances.

RNEHEN

Basic cutter profile

F A DINS4BOTI X i 45 T 4R AE B0 T FF 4R 40 MR R T O S0 AR AE R 42
.

HMWITHFEEUTSY: A%, ENf. EWHNEE, H8RE
EE, BENRER. SHBIERKDINGE.

I#

Workpiece
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External spline profiles with involute flanks to DIN 5480 and
special standards.

When ordering please quote:

Module, pressure angle, tip circle diameter, root circle diameter,
diametral two-roll measurement, DIN standard of the external
spline.

ENEFER

Basic cutter profile
hepg = 0,60 - m

hpg = 1.25 -m

Papp = 0,16 -m

ereo = 0,10-m
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Cutting materials

FAR TR A RS (R AR M AL In T 90 B Rt B o

Bt R R RN BN SEENE. ERREN
EHOEHENY SHHRAE RN RN, BT HENTER
MHEESERCER.

BxAREHENNREFZEN T WERERHNaSIREED
HEDERIRE T RBHREE,

“BIE" BHERERERENEERRPBAR, SHESE
HEAR, “ENE" FREEEVHEANERH THEHRE
BHEBNHAEENETFHEE,

HHAEBRAREZEENERS A SHNHEARLBME
BHEEAH, SXNiH LABEHNEISMEETFERESRHT
AR

TSR ERANTERERE4S0CES, BEHSRESLeYReE
11 00 5 o B 0 040 T 0 5 B R A ok # BIS 20 T BHE

HBHRENENSEIESSHERENERE, £tk
meEEmENERARN, DHEETAZ600TEL, BRRASES
A ELTHIE E#EB00T ~ 1000T,
EUNIFHAERSSHENETHNZEME, SETWRE
mo

~a
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Modern cutting materials are characterized by the combination
of excellent machining and application properties,

Specific cutting materials are used depending on the appli-
cation spectrum and the cutting parameters. Cobalt alloyed

high speed steels (KHSS-E) manufactured in the conventional
way are not used much now due to their low wear resistance and
hot hardness, when compared to the materials of the powder
metallurgical product family. With the power metallurgy method
(PM), the parcentage of carbides (wear resistance properties) can
be increaszed while improving toughness.

The SpeedCore cutting material represents the continucus devel-
opment of the PM-HSS cutting materials. Compared to PM-HSS
materials, SpeadCora offers an excellent and markedly increased
combination of higher hot hardness (= hardness during uss) and
& higher toughness which results in higher cutting values during
use.

The generic term carbide includes materials that were manu-
factured with the powder-metallurgy method which are mostly
made up from tungsten carbide (TC) and the matrix binder mate-
rial cobalt (Co). A technological comparison between the cutting
materials available in the market today is containsd in the table
below.

The operating temperatures of KHSS-E that has been manu-
factured in the conventional way are around 480 °C. By using

the powder-metallurgy method, a higher cobalt content can be
achieved, but also a higher percentage of carbide in the PM-HSS,
so that the maximum operating temperatures increase to approx.
520 °C.

The combination of manufacturing with the powder-metallurgy
method and the inter-metallic structural compaosition enables a
much higher continuous operating temperature of approx. 800 °C
for the SpeedCore cutting material, while maintaining the same
toughness as PM-HSS cutting materials, Carbide also enables
operating temperatures up to approx. 800-1000 °C.

These properties make SpeedCore and carbide the ideal materi-
als for machining at high cutting speeds, both for wet and dry.

N B
| Characteristics Unk KHSS-E PM-HSS SpeedCora Carblde
| e3CEE HV10 800-900 880-860 920-940 1500-1900
| Hardness 28 °C |
| gOOCHEEE HV10 400-450 450-540 590-630 1200-1500
| Hardness 600 °C ; - . - . B . -
| EBE g/cm? 8-8,3 8,1-8,3 8,2 11-15
Density | [

MR kN/mm? 210-217 225-241 224 500-660
| E-Module I | i —
| BB W/(m - °C) 17-19 32 30100
Thermal conductivity (upto 20°C} | [

00 e T m - 10-%{m - K) 10-13 10-11 10-11 5-7
Coefficient of thermal expansion
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PVD#%E
PVD coating

HERBITRERN, PVYDREEZSYERXAMARE, E2SH
FHRESHREOAE, BA5HETRNRARRHRRR
AEETF. EUEESHE, HES. ASSBROEE, REAH
BHEURAHTIAL,

BHENBBREPVDEFHRIERSRARM, - #. &,
A, aidEs. stawiEeE (£, &, #HR) . 4X%
ERIEMHEATERMAEMBAK (TIAIN) MEBLR
(Alern) . HtEAREERRASERR, BEENEEE
EHEERERE. REIERASHEREAEXBHNERENS
B#INRFE,

HEREAS0 HEZH,

ng, LR100%MERTITRBERE.

PVDiBIZREE
Schematic of the PVD coating process

~a
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For the coating of gear hobs, the PVD (Physical Vapor Deposition)
method is used. It is a plasma vacuum thin layer method, during
which high-purity materials are transferred into a plasma via an
arc or cathode sputtering. By rsacting with reactive gases such
as oxygen, nitrogen or carbon, ceramic hard material layers are
depasited on tha tools.

The generated hard material PVD layers normally consist of
refractory metals such as chrome, titanium or tantalum, alloyed
with aluminum, silicone and a non-metal (oxygen, nitrogen, boron
and carbon). Laysr systems which are used for gear cutting today
are titanium-aluminum-nitrogen (TIAIN) or aluminum-chreme-
nitrogen (AICrN). The high-psrformanca coatings used ars mads
up of several layers which enables both a high elasticity and high
wear resistanca.

By rotating the tools along multiple axes during the coating
process, an even and homogenous thickness of the |ayers is
achieved on the tool surfaces.

The coating temperatures are in the range of 450 °C. The high-
precision coating process management enables the deposition
of very thin coatings, to achieve a very sharp and defined cutting
edge.

Today, nearly 100 % of gear cutting tools are coated.

)

fLch i

Inert gases

A
BRBF, #ik, &

Source material:
Cathode
Targst, powder, ingot

Tk

BF, BF, R¥
Plasma:

lons, elecirons,
molecules, atoms

EEH:
EHHHETE

Substrate:
Base materlal

RE
Bias voltage
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AICrN PVD %= MR EMR
Schematic of the PVD layer system AICrN

A

Aluminum

£ 4
Nitrogen Chrome

RE-EE4&ET®R, ¥R www.imt-tools.de, watched us on YouTube
Coatings - Increased productivity guaranteed, see www.Imi-tools.de, watched us on YouTube

~a
LMT. FETTE
O’

www.Imt-tools.com

136

Attnchmant



SR VIHI 7] Ryl RE

Hard material coatings for gear cutting tools

BRTHEEN. RELENIRERSGNEEENEEENT)
AT Hd AR BT, R4k A 0 5 B X T o R
SEMBHERIEN, BRER~EMNERARD, ATTRD
TARGEAR,

REXGREIPTRETHERMBEZER,

RENENTRUHERTRALNAAZT4EMAN. —1F
EREETIAMASFGMER, JHIEETEF™mENH,
i, SdkROEHTIREDREMTH ARG TRELBHE
BMA,

Wi RS EE, T AP EAF B EIER
FaM100TTHHEmMBEI5024, BETSE. E3EENE, 7
RENnawgRE, EHAEAENNECESRE, ZEX&n
IS TFTARKERAFEFERI2HI4TIE, BHES22R, T
BRAEIIFNIMAES ST BTIE23004, HREMNET
MIFMEWIAE0244, KHAREHEM2.605, Bk, HHEKEMN
HHELEE, MAMZEANPMECREEES.

HEANEIRERERE, BE—ENRA.
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Apart from the high hardness, it is the friction-physical and
chemical propertias which lead to the extreme tool life increases
of coated tools in comparison to uncoated tools. The low che-
mical affinity of the coating 1o the hot steel chip resulis in less
friction and, consequently, less friction heat and, therefors, less
wear,

Tha coatings acts like a barrier that shislds the substrate below
against wear.

Cf particular interest to the user are the greater cutting and feed-
ing speeds that can be achieved with coated tools. Howaver, the
focus Is not only on longer tool life, but also on the reduction of
main manufaciuring times. The payback period for the coating
costs ig, therefore, very low for coated gear hobs.

During the manufacture of a sun wheal the toal life of the HSS
gear hob increased 5-fold from 100 to 502 gears by adding a
coating. After regrinding, the tool was not re-coated and was,
therefore, uncoated on the machining surface and coeated on

the flank only. In this condition, the tool achieved a tool life of

an average of 251 manufactured wheels. During a total of 22
grinding cycles, a total of 2300 wheels were manufactured with
the uncoated gear heb against a total of 6024 wheels with the un-
coated gear hob, i.e. 2.6 times as many. The comparatively small
additional cost of the coating therefore easily paid for itself.

Re-coating after grinding the machine surface of the wom gear
hob therefore makes sense with regard to costs.

10
£

T

H: 25

€5 11

e ]

= E_ +i R

5( ] =B

RE Coating

g ] Higher hardness

|=g T# + Lower friction
beschichtst beschichtet/geschirft  unbeschichtet Workplece L Hbused dinieions
coated coated/reground uricoated = Lower wear

I Workpisce: X E# Sun whesl RS { Cutting data
#B Material: 17CrNIMo6 TOWI R A 6,808 mm
AH Tool: BRI T) KHSS-E hob Cutting dapth:
R ## Dimensions: d 80 x 80 mm e i 85 m/min
B Module: 3 mm Cutting speed:
3 1 M. 3 mm/WU
Number of starts: Axial feed:
0 12 T 77 477 7 P 0,224 mm
Number of gashes: Tip chip thickness:
ERES fug: 4. 54,3 mm
Quality grade: Shift length:
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How wear develops

FIRPUNEEASBEDS TSN TERNOEE, XEENR
FHERNENER, HhMITEEMERNERRL, MI#H
R ERRBFELEM IR EREIE .
ENRYEHNCENBEER: 60%

m fIERMZIAPH N R ZANERESR: 20%
EMITHEMDREEHZEMAERRSE: 20%

Eh—fanil ( xH S5 REMH5-10% ) #2TRE, #
SEHIEEEERE. MTRARE, MHHERSTERRR,
B s 7170 7 & i et/ . I TR AKX 875-80% A9
REIEBEET,

MERENAN LI, JUOES (S4) EENRT BTRER
17, ERBERE LANEMEERES, NRNERSGS
BEIFERE, ARBEENHEH LAGERER.

Hit, S—RHHEBIEETT RN TESHERET T RE
VIR, MR, MIERNLEE, SEON
TRAPINRGEHOMAEE, HBR B ETIE R AR EE SR
HEEESES A RE BT EENEN.

DHIRARE

CGauses of wear on the cutting edge

ne

I
Bulit-up edge Workplece

iRt 8 B
Mechanical

overloading

ui
Oxidation

“§
i/ Fd) B
Wedge

HANREA, BENEN, BUE,
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The cutting edge of the tool that is being used is subject to exter-

nal influences which, collectively, result in tool wear. The machine

temperatura plays a major part in this. The main machining

process temperature sources and their approximate contribution

to the total temperature are as follows:

B Plastic deformation in the workpiece just befors the cutting
edge ... 60 %

B Friction effects between chip and tool machining surface ...
20%

B Friction effects between workpiece and tool flank ... 20 %

A part of this heat (approx. 510 %) flows into the tool and leads
o a softening of the cutting material. The higher the operating
temperature, the softer the cutting material becomes and the less
resistance it has against abrasive friction wear.

Approx. 70-80 % of the heat is dissipated via the chip. With high
cutting values, in particular, which coincide with high machining
temperatures there will be overlaps of the wear mechanisms of
scaling (or oxidation) and diffusion. Their dramatic increase with
rising temperatures defines a critical operating femperature limit
above which tool lives decrease dramatically, even to the extent
of being uneconomical.

Depending on the application, there is a range of optimum
speeds for each cutting material. The material to be machined,
the required manufacturing tolerances, the machine conditions
such as system rigidities, machining conditions, e. g. wet or dry
machining and the high temperature strength of the material play
an important part in this.

7 7 ERRRA
Typical signs of wear on the cutting edge
081 77 [ 40 4b 2 BNERE(SEE)
Cutting edgerounding Flank wear (hollow cone)
-]
Chipping BTNEESR

Flank wear
WE R
Crater

HBRASMIEN a2 ' . :
Hot hardness of KHSS-E, PM-HSS, TE \ - Eﬁiﬂ ks
SpeedCors and carbide g % ' j — B
% 2 _ —— BRERE
T |
(1] 200 400 600 800 1000
i j (°C) Temperature {(°0)
*
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How wear develops

BEEF—1HES, IDEEAFRERNBARBAR. BE
BEFURMNAGEIH NI SR BRI TER#ET
WAl EEMEEAN. SRATHIREEZ HREMEMRTDRX
iy, EEVHEEDERABRNBRENSEREMBENA
R, HEZT, BNTEESSAFEHeEREREES;
REWESRIFBEDREREXR/D, Bz RENYE
BRBMBENNTEEHHWENER. SR, E&Eh#
BiExaE, Sh, MABRKREREERE, TRESHEEEMNA
REZRHNRE,

BERRBAFMENRMWEBER. TRBOSETRNES
AHEHS, UHELHHESDEMNGTEE L. ERR-EE
HAMFEHARNSHSSHEHT TR E.

ENRESBAEED, NTREGENEASSNIZE, HikE
B EBiT e hE,

L W A0 AR L (R I Viergge)
Causes of wear against temperature (according to Vieregge)

a - ¥R 7 ER
Initial edge wear
b - LB
Mechanical abrasion
c-71@
Built-up edge
d-®|{L
Oxidation
e-##

Diffusion

B
Wear
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Hobbing has the additional phenomenon of strong local variations
in stress upon the cutter testh, This is a consequence of the tooth
profile to be manufactured on the workpiece arising only with
successive cuts of a number of cutter testh engaging in turn. The
metal removal capacity is provided principally by the tooth tips,
which generate relatively large-volume chips capable of sinking a
corresponding quantity of heat. By contrast, much thinner chips
are gensrated in the region of the tooth flanks of the hob; the
pariicular engagement conditions mean that the effective relief
angle is also relatively small there, and the cut is characterized

by a comparatively high frictional component which generates
hesat. At the same time, relativaly thin, low-volums chips with a
low heat-sinking capacity are generated. Consequently, a corre-
spondingly high quantity of energy flows into the tool.

The resulting locally exaggerated wear is compensated for by
shifting. Shifting produces a more even tool stress distribution,
with regard both to the hob as a whole, and to the individual
cutter tooth. Both the abrasive and the thermally generated wear
machanisms are distributed more evenly over the tool.

During coarse shifting, in particular, cutter regions temporarily
uninvelved in the machining process have sufficient opportunity
to cool down.

=t
Total

P

7

O e
Cutting speed/temperature
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Cutting conditions in hobbing

EUmIaE s E QRN RENSR,

“HERI I T RO DT EIRAE" BT o A w5 e I s AL R B
Fi, —EMAETAFEEREIEENNSENAESE AN
mT. RSB EMARETERELRE, ESHOR
e A EAR R FT T X LT 8 B E SR B m L o

R BETREGHRTE, Fli0:
= #RAE T BE;

LE - wi-Rry:E-2- 8

E R Rt i Al 2 ;
mENTHRGER.

RESGRERTNIIN, BEANRENZANEEERXSRS
HEREESHENNISH,

FHMT BRI SETESY TEEER:
uERRER: dF¥ESH, R, REAEE, HRNE, T
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The cutting conditions applicabie to hobbing are principally the
cutting apeads and the feads.

The cutting speeds and feeds quoted in these “cutting conditions
in hebbing”™ must be regarded as recommendations. The user
will in normal cases be able to cut his gears properly with these
recommeanded values. An optimization of the cutting values iz
anly possible on the sits, taking into account all the peripheral
aspects.

The objectives of optimization may differ.
Examples:

® Short machining times

® High tool life quality

B Low tool or gear cosis

m |mprovement of the gear quality

A correct choice of cutting conditions is only possible if the inter-
relation of the workpiece, the hob and the hobbing machine is
taken into account.

The cutting conditions in hobbing are mainly affected by:

B Gear material: chemical analysis, heat treatment, tensile
strength, microstructure, machineability

m Cutting material of the cutter: SpeedCore, KHSS-E, carbide,
chemical analysis, working hardness, red hardness, coating
type

m Condition of the hobbing machine: stability, accuracy

m Workpiece clamping: radial runout, axial runout, avoidance of
defermation and vibration

B Clamping of the hob: radial runout, axial runout, smallest pos-
sible hob spindle bearing clearance

m Gear size: module, cuiting depth

Tool life and tool life quality

B Requisite gear quality

Important for determining the cutting conditions are not least the
varying demands made on the roughing and finishing operations.

For roughing, the highest possible feeds are salected in order for
a high rate of metal removal to be attained. The surface quality of
the flank which can be attained is of secondary importance.

Tha cutting conditions during finishing must be chesen so that
the required gear quality and surfacse finish are achieved.

Attention must of course be paid to economic aspects during ss-
lection of the cutting conditions. It may ba necessary to calculate
the tool and machine costs and the machining times in order to

ascertain the most favourable combination of cutting parametars.
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Cutting conditions in hobbing

1 71 55 F ra S0 i

WEHIRAKHSS (EEREREEN ) AIERSEHE. 8
HRBUHZIRFERBFAEHERHSS-PM, ETHRA
BEE AR, NERDREE], MIBHRE.

Speedcore I B E IR T MEAM PO, XHTH
BHEERETEN, TUXRNSHERERNHSS-PMAE LK
¥, BEREERTNAFESENIE.

ERANGRESSHBMNEI TN TR AR RS, HY
RIEEFABKHSSENP =1, BERN—BUSEARR.
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Cutting materials for gear hobs

Gear hobs are manufactured from both KHSS-E {cobalt alloyed
high-performance high-speed stesls) and carbides. The most
commonly used cutting material is HSS-PM which is made with
the power metallurgy method. It can be used both with and
without cooling. For applications without cooling, the tool must
be fully coated.

Gear hobs mads from SpeedCore can be hardenad more without
losing toughness. This cutting material is used if higher cutting
speeds need to be achieved when compared to HSS-PM, but
carbides are not suitable due to the process.

If carbide gear hobs are used for the machining of gears up to
approx. module 3 from the solid, the cutting speed is higher by
a factor of 3 compared to gear hobs made from KHSS-E. These
gear hobs are always coated.

M Machineability
BRI T i TN 82 The machineability of & gear material can be referenced to a
range of characteristics.
1
it EE AT T {08
Machineability of the gear materials
75
|
A ] LT ] T
wl |1l | I |
ol ' y | |
55 1
| | |
50 - S I M B ! : ‘I 1 ! 1]
2 | | |
RE 451 . -
.
HE |
HE 351 | |
=g '
E 30 - s — AR ~ -
25 - | i i ------ ]
| 'i i
15 (N T i
10 L1 | | | | |
400 500 600 700 800 800 1000 1100 1200 1300 1400 1500
H fi 38 BEN/mm*
Tanslle strength N/mm?
| | | I | | | | | | | | | | | | | | ‘ | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 150 200 250 300 350 400 450
5 FCRE EEN/mm®
Brinell hardness N/mm?
1 S EER 4 EPHASEN 7T HSEFAM
Plain carbon stesls Chroma/nickel/molybdenum stesls BNESW
2EAeRN%EsS (Ed2SR) 58EeEN Chromium steels and
Nickel steels and chrome/nickel stesls (low alloy) Nickel/molybdenum steels chrome/vanadium steels
3 HRaen 6 HEEeN B HESEW

Chrome/nickel stesls
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Whether a material can be machined easily or not is determinead
by whether it can be machined at high or low cutting speeds, and
with an acceptable tool life quality and wear mark widths.

Tha machineability can however alsc be assessed according to
the requisite cutting forces, or the eass or difficulty with which a
favourable surface quality can be attained.

For the selsction of the cutting speed for hobbing, it must first be
assumed that a certain wear mark width must not be excesdad
{see alsc “Maintenance of hobs”, page 160). High wear leads to
geometric deviations in the cutting edges of the cutter teeth, and
to high cutting forces. The result is a reduction in gear quality.
Since the wear increases superproportionately beyond a certain
magnitude, the wear mark width must also be reduced for eco-
nomic reasons.

At the same time, however, an ecenomic tool life between suc-
cessive cutter regrinds must be ensured. Excessively short tool
life leads to long down times of the hobbing machine for the pur-
pose of cutter changes, and to high regrinding costs. In this case,
the machineability of the gear material is therefore assessed in
relation to the cutting speed at an appropriate tool life quality and
wear mark width. The machineability of the gear material as a
function of its chemical composition and the tensile strength Ry
in N/mm2 or the Brinell Hardness HB can be taken from Diagram
1 {original diagram as [1], with minor modifications). The machine-
ability of B1112 steel to AIS| (American Iron and Steel Institute)
was specified as 100 % at a cutting speed of 55 m/min for this
purpose; all other steel grades were categorized relative to these
values. The machineability is indicated in percent.

Note however that the machineability is influenced not only by the
tensile strength, but also by the different microstructures. The rel-
ative machineability probably also varies for other cutting speed
ranges, as gears with small modules are machined at cutting
speeds which are around twice as high as those for which the
curves shown were produced. It can however be safely assumed
that the machineability must be assassed differently for coated
and uncoatad hobs, as the chip formation differs markedly.

Cutting speed v, [m/min]

Diagram 2 (page 142) shows the cutting speed as a function of
the moduie and the machineabiiity. This cutting speed relates to
the cutting material S-6-5-2-5 (1.3243, EMo5Co5), and applies to
the roughing cut (machining from the solid).

Fer the finishing (second) cut, the cutting spsed can be increased
by a factor of 1.2.

The cutting speed can be multiplied by a factor of 1.25 for coated
KHSS-E hobs.
*
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Cutting conditions in hobbing
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We gave compiled another two tables with referance values

for cutting speeds during milling with gear hobs made from
HS5-PM, based on practical experience. Commonly used gear
materials are classified in the categories "good”, “medium” and
“difficult” with regard to their machining properties. The cutting
speeds are indicated in ralation to the moduls for roughening cuts
and for finishing cuts. The table is subdivided inte milling with
cooling and without cooling.

Carbide hobs for machining of gears up to approximately mod-
ule 3 from the solid can be used with or without cooling lubricant
as follows:

Gear material: case hardening and heat-treatable steels, tensile

Lk-lp 9:
B strength up to 800 N/mm?2
220B|250m/min; Cutting speed:
AHERR A 220 to 250 m/min
2803350m/min, with cooling lubricant;
280 te 350 m/min
TRBENRE B without cooling lubricant.
These hobs are all coated.
2
U B O M
Cutting speed when hobbing
N
a0 Moduls

1Bl % B v [m/min]
Cutting speed v, [m/min]

20 30 40

50 60 70

AMITEE%

Machineability in %
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Reference values for cutting speeds for gear hobbing
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Gear hob: Cutting material - PM4/14 with Al2Plus coating

MR Machinsability

#F Good

R Medium

2 Difficult

R < 700 N/mm?2

A < 900 N/mm?2

Rm < 1000 N/mm?2

R > 1000 N/mm?2

18MnCr5, C15, C35 17CrNiMo8, Ck45 42CrMo4 30CrMoVoV, 34CrMoSV
20MnGrS, 15CGrNié Caov 37MnSi5 40CrNiMo7, 56NiCrMoVT7
HinT WL HnT #winT HnT WanxT #mT T
Roughing Finishing Roughing Finishing Roughing Finishing Roughing Finishing
m m/min
#Fx# With cooling

<2 150 195 113 ' 147 90 120 83 118
2 138 180 104 135 81 113 75 105
2,5 132 173 99 129 [ 75 108 68 ag
3 126 165 95 123 [ 68 98 60 a0
3,5 120 157 80 117 60 80 53 83
4 114 148 86 111 53 83 45 75
4,5 108 140 81 105 [ 49 79 41 71
5 102 132 77 98 [ 45 75 38 68
55 96 129 72 a7 44 74 37 66
;] a0 126 68 a5 44 72 38 64
7 84 117 63 88 | 42 70 35 60
8 78 110 59 83 [ 41 68 34 56
g9 72 101 54 75 [ 40 85 33 53
10 66 a3 50 69 | 39 63 31 43
12 57 80 44 62 [ 35 54 29 42
14 53 74 39 54 [ 33 48 28 39
16 50 69 38 53 31 42 27 36
18 45 63 35 43 29 36 26 33
20 43 57 32 44 [ 26 33 24 30
22 40 51 29 _ 40 [ 25 31 23 28
24 38 47 26 36 [ 24 30 20 25
26 35 42 24 34 24 30 20 24
28 33 35 23 32 [ 23 28 18 23
30 32 34 21 ‘ 29 [ 21 26 17 21
32 30 33 20 27 20 24 15 18

AHRH Without cooling
<2 185 241 138 | 181 111 148 102 142
2 170 222 128 167 100 139 93 130
2,5 163 213 122 159 | 93 130 83 120
3 155 204 117 152 83 120 74 111
3,5 148 183 111 | 144 74 111 85 102
4 141 183 105 137 65 102 56 93
4,5 133 173 100 130 | 60 97 51 88
5 126 163 94 122 56 93 46 B3

*
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Cutting conditions in hobbing
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Axial feed f, [nm/workpiece rotation]
The axial feed is specified in mm per workpisce rotation.

Owing to the large number of parameters which infiuence

the machining process during hobbing, experience has shown
that the axial feed is best speacified as a function of the tip chip
thickness.

The tip chip thickness is the theoretical maximum chip thickness
removed by the tips of the hob teeth.

The tip chip thickness is regarded as a criterion for the hob
stress; high tip chip thicknesses mean high cutting forces and
short tool life.

The tip chip thicknesses are increased when the module, axial
feed, cutting depth and number of staris are increased. The tip
chip thicknesses are reduced when the number of gear teeth, hob
diameter and number of gashes are increased.

Hoffmeister [1] has devised a formula for the maximum tip chip
thickness.

If this formula is transposed, the axial feed can be calculated as
a function of the other gear parameters. Experience has shown a
tip chip thickness of 0.2 to 0.25 mm to be a realistic value.

For economic reasons, as high an axial feed as possible is aimed
for, as the machining time is reduced proportional to the increase
in feed.

BANTHREE
Maximum tip chip thickness
hymax =49+ m - 2592510 Ba-0,642) . 0,016 pa. m =
102 Bg— Module
) Fag) 826102 Bo-0.226)
. g-00153p . (_) . 08T, 7, - &%
\ (f_,)°-5” . ( 1)0-319 il Number of teeth
m m Bo = Riefm(HAEEL)
T# Helix angle (radian)
Workpiece Xp = igior Todrak
Profile displacement factor
b gl ibey
Centra of hab fap = BIEE
Half hob diarmetar
i = ERSR/7LNR
Number of gashes/number of starts
fa = HEELR
Axial fead
a = {iiRE
Cutting depth
e = 2.718282
fa=4
a=8
hy = 0,3659 #Rie3¥: BERND Hoffemister 1970

Cutting depth
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BESEMNE, BRESTIRNRESESMOESEHFRIL
Wm, —H<RIBRE NIRRT R NS ESRER
B, fingEsgnT, EREnISEdNn IR, AR
MTSEBANTZAES, ENRFERHRBILEER,

MREREARETERSSET, BANNEXIDHIHEN L EE
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BRI IELSh, SAMIMEMEERITHMIHE,
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710 e
Machining ime (production time} for hobbing

_Zp deg w-(E+b+A)

W=7 % V. 1000 MmN
tn  [min] = mIAfiE
Machining time
Z2 = Bin T e
Number af testh of the gear to ba machined
de [MM] = WAHEFAEEE
Tip circle diameter of the hob
E [mm] =@#nEkE
Approach length of tha hob
b [mm] = M
Tooth width of the gear to be machined
A [mm] = BRI
Idle travel distance of the hob
Zy = ®ANBR

Number of starts of the hob
fa [mm/WU] = S
Axial fead
= {IHIsE
Cutting speed

Ve [m/min]
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MNote however that the depth of the feed markings increases
quadraticaily with the axial feed, and that different maximum
fead marking depths are permissible according to the machining
step such as finish-milling, rough-hobbing prior to shaving, or
rough-hobbing prior to grinding, depending upon the gear quality
or the allowanca.

If carbide hobs are employed for machining from the solid, the
meaximum tip chip thickness must be between 0.12 and 0.20 mm.
For carbide hobbing without cooling lubricant, in particular, 80 %
of the heat generated by the cutting process must be dissipated
by the chips. Adequate chip cross-sections are therefore re-
quired. For this reason, the tip chip thickness should not be less
than 0.12 mm.

Number of starts of the hob
With the exception of worm gear hobs, multiple start hobs have
the function of increasing hebbing performance.

It is known that the axial feed must be reduced for a given tip chip
thickness when the number of starts is increased (formula for the
maximum tip chip thickness according to Hofimeister).

It is also known that the depth of the feed markings is dependent
upon the axial feed (formula for the depth of the axial feed mark-
ings).

SR VIMRE
Depth on the feed markings

Bx[mm]=( fa )E.Si"_“n

cos fo 4. dyp
& [mm] = HETURRE

Dapth of the fead marking
fa  [Mm/WU] = $iitaR

Axial fead
Bo = Rikf

Helix angle
n = HEfE

Profile angle
dao [mm] = B7TEMBEIEER

Tip circle diameter of the hob
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S mAmitS R NESIRCRE
Feeds and depth of the feed markings for multiple start hoba
|
Line/Column 1 2 3 4 5 6
1 .5 | Module 2,5 2,5 2,5 2,5 2,5
2 ‘ EAf | Pressure angle [°] 20 20 20 20 20
3 &M | Number of teeth 29 29 29 20 | 2
4 LUETy | Helix angle [*] 15 15 15 15 ! 15
5 ogick: A Profile displacement 0,2 0,2 0,2 0,2 | 0,2
Hx factor A
6 KK | Cutting depth 5,63 5,63 5,63 563 | 563
7 RS | Cutter diameter 110 110 110 110 110 ‘
8 RULE E | Number of gashes 24 [ 24 | 24 [ 24 | 24
9 E:EL - T | Number of starts zo | 1 _ 2 A 3 A 4 _ 5
10 | I7ummmEE | Tip chip thickness 02 0,2 02 | o2 02
11 HimEaR f. | Axial feed f, 15,71 4,78 2,38 [ 1,46 | 0,99
12 Zoxfa | zoxfa 1571 | 9,56 714 | 584 | 495
13 AT | Relative 1 1,64 2,2 2,69 317
HE | machining time | A WY
14 i3y el Depth of the feed 0,208 0,019 0,005 [ 0,002 0,001
BE markings

Eie 7wk, NNNEREEENMERRRE-EXE, [
MG RNESHFICRNREZ ARFE—ENXR.

FEXBMIE, J&BENHaHadaT o hs R

&, G R 7 LRI LS REmE, NI ERe
Wb,

i, EFETRHEFERRETETZVIEIESEEERLES R
EREGTANRATCRILERTHERHARRERK.

47 7] 70 67) P e O I 0 o i S PR BT E 70 4 W RS S R R
L

L — MG AT H T 70 R0 S A E

J1LERA1-50 7 NNHITREBEEER0.2mm, F5I6FE

2367,

HNTEXNTTMEEE 0 2mmtN A ERA SR,

BlfTEFRHErRNNAERAAR SR,

HeFpANNTHASEF, RAMnITEERIEE -7
THHE.

FIfTEMANE TEER A DDA R RE, 835573k
GRENTIHA, F14iTETHHSEREEST X, 3
0.208mm,
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There is therefore a relationship between the number of starts,
the tip chip thickness and the axial feed, and between the axial
feed and the depth of the feed markings.

In the formula for the machining time, the number of starts and
the axial feed form part of the denominator, i.e. the greater the
product of the number of starts and the axial feed, the shorter the
machining time.

The objective is therefore to select a product of the number of
starts and the axial feed which is as high as possible without the
tip chip thickness and the depth of the feed markings becoming
too great.

Specification of the number of starts on the basis of the tip
chip thickness and the depth of the feed markings

The table shows the optimization of the number of starts and the
axial feed by way of an example gear.

The number of starts 1 to 5 and a constant tip chip thickness of
0.2 mm were entered in columns 2 to 6.

Line 11 contains the maximum feeds permissible at a tip chip
thickness of 0.2 mm.

Line 12 shows the product of the number of starts and the axial
feed.

The relative machining time in column 2 is made equal to 1 and
the machining times in the following columns calculated in rela-
tion to column 2.

Line 13 shows clearly that for a given tip chip thickness, the
shortest machining time can be achieved with the single-start
hob. Line 14 also shows howsvar that the depth of the feed mark-
ings becomes excessive, at 0.206 mm.
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With the two-start hob, the fesd must be reduced to approxi-
mately 30 % of that of the single-start hab. This is however com-
pensated for to some degree by the number of starts, as the table
spesad is doubled for the same cutting spesd. Since the depth of
the feed markings is only 0.018 mm, howaever, the axial feed of
4.78 mm is acceptabls, sither for rough-hobbing prior to shaving
or grinding.

If it is therefore assumed that the gear is being rough-hobbed
prior to shaving or grinding, the two-start hob, with a product of
feed and number of starts of 9.56, represents the most economic
solution.

The single-start hob is not an option, as it permits a maximum
fead of only 4.78 mm evan with the single-start hob owing to the
depth of the feed markings, and the product of the humber of
starts and the axial feed would only be 4.78.

Tha three-start hob s also unsuitable in this case, as the product
of the number of starts and the axial feed is only 7.14, owing to
the maximum ftip chip thickness.

Specification of the number of starts should therefore first entail
calculation of the maximum axial feed for the permissible depth
of the feed markings. A hob should then be selected with the
number of starts which produces the greatest produet of number
of starts and axial feed without the maximum axial feed being ex-
ceeded owing to the depth of the feed markings or the maximum
tip chip thickness {line 11).

Enveloping cut deviations (page 148)

Despite the economic advantages offered by multiple start hobs,
the accuracy of the gear must not be ignored. Whether multiple
start hobs selected as described above can in fact be used must
therefore be considered on a case-by-case basis.

The number of cutter testh which profile a tooth flank depends
upon the number of teeth and the pressure angle of the gear, and
the number of gashes, pitch and number of starts of the hob.

Provided the number of gashes remains unchanged, the num-
ber of cutter teeth forming the profile for example on two- or
three-start hobs is reduced to half or one-third. The envelope
network which is generated is less dense, and the enveloping

cut deviations arise in the form of deviations in the profile form.
Calculation and examination of the enveloping cut deviations is
particularly important when the number of gear teeth is low,

as particularly large enveloping cut deviations arise in this case
owing to the strong curvature of the profile and the relatively large
torsional angle of the workpiece per cutter tooth.

The enveloping cut deviations can be reduced considerably by
increasing the number of gashes.
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Influence of the number of cutter starts upon the flank form
and plich of the gear

For generation of the gear flanks as an envslope network, as is
typical for hobbing, it must also be considered that each cutter
tooth flank only generates one enveloping cut, and also that the
relative location of the enveleping cuts to each other is depen-
dent upon the accuracy of the cutter lead and the indexing preci-
sion of the hobbing machine.

Single-start hobs have no influence upen the indexing precision
of the gear, since the same cutter testh always machine all testh
of the workpiece. Deviations in lead on single-start hobs only in-
fluenca the flank form of the machined gear.

By contrast, multiple start hobs also have an effect upon the
indexing precision of the gear if the number of gear testh is divis-
ible by the number of starts of the cutter. In this case, the profile
of a tooth gap is machined only by the teeth of one cutter start.
Under these circumstances, the deviations in pitch of the cutter
leads produce periodic deviations in pitch on the workpisce.
Since the deviations in pitch can only be eliminated in part for
example by shaving, multiple start roughing hobs with a shaving
allowance should preferably be selected for which the quotient of
the number of gear teeth and the number of cutter leads is not an
integer.

Surface structure

However, it should also be ensured that the quotient of the num-
ber of gashes and the number of leads during finishing is not an
integer. The enveloping cuts will otherwise be generated at differ-
ent heights from lead to lead, and the tooth flanks will acquire a
honeycombed surface structure.

12 - Z2 - My - 8in oy

8y [mm] = P

6y [mm] = E&ER=E

Envelop cut deviation
Zp = NN&ER

Number of starts of the hab
Mp = R EaE

Normal module
Qn = ¥R

Profile angle
Z2 = 8

Number of testh on the gear
i = NRUIAWS

Number of gashes of the hob
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Limitation of the number of isads on the hobs with axially
parallel gashes

On hobs with axially parallel gashes, snsure that the increass in
the number of leads does not rasult in a helix angle of 7.5° being
exceaded. The surface quality on the corresponding gear flank
will otherwise be impaired owing to the excessive wedge angle
on tha leaving cutter flank.

References
[1] B. Hoffmeister: Dissertation, Aachen 1970

www.Imt-tools.com 149

Anhang

Attnchmant



NRYOANIEE
Setting length

70 3k A8 o 2 0 B 0 ] B A e I L P A B I
S MTTERTEEREANTIFERNREE. BOHEE
fIFEAGEBL, HANEBRBES @M Il ZEEEINER
EiE, ERTEEETBDENER2 Y, SAMETMEREL .,
NRACE ( DTERGR/MEL ) RETREABKE,

B i g dn ) R DU B R A R B A 4R 2 A T T RADH
NKE. REUTERRE, BEMIERNAEE, DHE
ShxTERGEMRENEm (P-v) . SMEEREANES
o, BLEE-EAXTHRIAGER. REHEHNARLTAERE
EmTEFERTRNERARNT @, ATEEREES, B
NUBEFRESTIRANTHRE., —HNEL A —1=%
BgR, EXTEMBREOCTFHEEL, WUTFORRAEE L, EREFH
SKTHHSFNE, TARNBEREEFTTIRAKOER
t.

~a
LMT-FETTE
W’

A distinction must be drawn in hobbing between the pre-cutting
zone and the profile generating zone. The greater part of the
volumea to be machinsd is removed in tha pre-cutting zone. The
pra-cutting zons is at the end of the hob which first enters the
body of the gear during axial machining. The hob must be posi-
tioned until it completely covers the pre-cutting zone. This cutter
length, the minimum required, is termed the tool cutting edge
length.

The panstration curve {fig. 1) of the tip cylinder of the gear and
the cutter must be known for calculation of the setting length.

For the considerations below, it is assumed that the gear is
helical and that the cutting axis is inclinad to the horizontal by

the pivoting angle (B — o). A further assumption is that where a
helix angle is present, it is always greater than the lead angle. The
direction of view of the penetration curve is from the main
machine column in the direction of the cutter and the gear.
The two tip cylinders penetrate each other at a depth equivalent
to the cutting depth. The intersecting line between the two bodies
is a 3-dimensional curve which follows both on the gear and the
cutter cylinder. Where reference is made below to the penetration
curve, the projection of the intersecting line into a plane axially
parallel te the cutter axis is understood.

1 2

Hi/NAHRERER Tl S5 4 i 7 A0 70 oA B

Gear/cutter penetration Ascertainment of the setting length from the penetration curve
i AN

Left-hanldad gear

Left-handed cutter

N HET R

Direction of feed of
the cutter head

N T
Climb hobbing

HgenT
Cenvantional
hobbing

LIS LS LSS

B
Same direction
B>vo
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Gear axis
la= DR THEE
Setting length

MEMTE&HTARKNRAER

View of the cutter and gear from the maln machine column
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The form and dimension of the penetration curve are depsndent
upon:
B The tip circle diameter of the gear
B The cutter diameter
B The pivoting angle
{helix angle B of the gear, iead angle v, of the cutter)
B The cutting depth

The formulae for calculation of the penetration curve can be
found in the Chapter "Wear phenomena in hobbing”, page 188,
fig. 13).

All cutter teeth which do not pass through the penetration curve
{fig. 2) during rotation of the cutter do not make contact with the
gear body. They are not therefore involved in chip formation. With
respect to the horizontal which passes through the intersection
“S” of the gear axis and the cutter axis, Point 1 is the highest and
Point 1 the lowest point of the penetration curve.

Helical teeth

Climb hobbing, same lead direction

When the cutter moves from upwards to the lower face of the
gear during climb hobbing, the cutter tooth whose path passes
through Peint 1 is the first to intersect the tip cylinder of the gear.
This cutter tooth Is then located in a plane at right-angles to the
cutter axis, in which Points 1 and 1A are located. The distance to
the point “S", measured parallel to the cutter axis, is equal o the
path of which “S8” and 1A are the end points. It is equivalent to the
cutter length for the Point 1 in relation o the section through the
axis "8".

Following one rotation of the gear, the cutter has moved upwards
by the axial feed. A parallel at a distance "1, 1o the horizontal
through Point 1 intersects the penetration curve at Points 3 and
4. The hatched band between the parallels through Poeints 1 and
4 corresponds to the band of material which is pushed contin-
uously into the working area of the cutter during the machining
process. Point 4 is the point on the penetration curve which is
still involved in material removal and is located furthest from the
axis intersection “S". All cutter teeth whose paths run through the
panetration curve but which are located further away from the
Point “S" are not involved in the material removal process. The
cutter length corresponding to Point 4 is marked "l4” in fig. 2. This
is tha tool cutting edge length of the cutter during climb hobbing
of a helical-tooth gear with a cutter which has the same diraction
of lead as the gear.

8ince the cutter is generally shifted towards the cutter entering
side, the antering side is positioned at the start of the machining
process according to the tool cutting edge length calculated as
described above. If a shorter tool cutting edge length wers to be
selected for the cutter teeth would be absant in the entering zone,
and the following teeth would have to assums part of the missing
teeth’s function of material removal. This could Isad to overload-
ing of the first teeth in the entering zone. Wera an axcessively
long tool cuiting edge length to be selectad, the cutter would

not be sconomically viable, as the teeth ahsad of the tool cutting
edgs length would not be used.

-
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Climb hobbing, opposite lsad direction

If a right-hand (opposite lead direction) cutter is employed in
place of the left-handed cutter, the tool cutting ecdge angle (§ + o)
changes and the gear runs from left to right into the working area
of the cutter (penetration curve). The outmost point involved in
material removal is Point 1, page 150.

Tha cutter Isngth corresponding to Point 1 is then the setting
length. The tool cutting edge length is shorter in climb hobbing
with a cutter with opposite lead direction than with a cutter with
the same lead direction. It is not affected by the magnitude of the
feed.

Conventional hobbing, same lead direction

If the cutter moves downwards onto the upper face of the gear,
the cutter tooth whose path passes through the point 1 is the first
to intersect the tip cyiinder of the gear, and the tool cutting edge
length is equal to the length 14,

Since the two halves of the penefration curve to the left and right
of the normals on the cutter axis through the point “S* are con-
gruent and are inverted around the normal by “S” and around the
cutter axis, I1 =1y und |3 = I3

Further combinations of hobbing method

and direction of lead of gear and hob

The table shows the leading end, pivoting angle and tool cutting
edge length for different combinations of hobbing method and di-
rection of lead of gear and heb. “Leading end left” means that the
gear runs from left to right into the penetration curve. “Leading
end left | up® means that the setting length is equal to the di-
mension l; in the penetration curve. It is located on the left-hand
side in relation to the gear axis. The cutter side on which the tool
culting edge length is located is facing upwards.

Again the assumptions are:

Direction of view from the main machine column towards the
cutier and the gear. On a helical gear, the helix angle is great-
er than the lead angle of the cutter.

AR/: &k AA: ki
Cutter: right-hand start Cutter: lefi-hand start
e HEEN EMEN Xk HMiEn EWEN X
Gear |right-hand lead | loft-hand lead | siralght testh | right-hand lead | left-hand lead | stralght teeth
T MET i = '
Climb ;‘j:g_gdi‘ng‘ end ] left _ right
hobbing L b ) B-vo Y B~ o
| Pivoting angle | _
HIE 70 1€ B Iy Iy l4 l4 lg Iy
Tool cutting =, £ A,k H., £ x, E A, Lk A, E
i | sdge length left, up right, up right, up left, up right, up left, up
brd 3 it T & A
Conventional | Leading end left right
hobbing g R P-vo To -1 Yo
| Pivoting angle |
DU KE h le la le h l
Tool cutting A F E F i, F A F £ F E, T
edge length right, down left, down left, down right, down left, down right, down |
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w of the cutter and the gear from the main machine column
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Profile generating length
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tan o =tan a/cos
Ipa =2 - {(hap =X - My — gao - (1 = sin )/ tan o
dy =z m,: cos o /cos P
COS Ot = dp/dy
d =z-my/cosp
Ipt =2+ {da/2 - COS (O — o) — df2) /AN o

mg

lpa > Ipt, FB4 lpo=Ilpa- COS Yo/COS B
mE

Ipt > lpa, FB4 lpa=Ilps- cos yo/cos B
hge = ENEER

X My= SREE

oo = ENEWELER

a =[EAfA

B = Wik

z =k

Mp = EERE#

d. = GREMEER
w = EIANAER
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Profile generating length for hobbing

Profiling of the gear takes place exclusively in the profile gener-
ating zone, which is arranged symmetrical to the pitch point. The
profile generating zone is calculated in the face plane of the gear
and is representsd thers by lp; and gt

Profile generation takes place during hobbing on the engagement
lines (fig. 3). The area in which generation takes place is limited
by the intersections of the engagement lines with the tip circle
diameter of the gear and by a line connecting the transition points
from the tip radii to the flank of the basic hob profile (tip form
height).

The greater interval between the end poinis of the engagement
lines, either in the tip region (Ip2) or the root region {lg) of the
hob profile, is regarded as the definitive length. Whether the end
points of the engagement lines in the tip region or in the root
region of the basic hob profile are decisive is dependent upon
the profile displacement of the gear. Refer here to figs. 4 and 5:
fig. 4 represents a gear with positive and fig. 5 a gear with nega-
tive profile displacement.

The greater of the two values — Ips or I — Is then converted from
the face plane to the axial plane of the hob and termed the “pro-
file generating length Ipp”.

tan oy = tan t/cos p
Ipg = 2+ (Dag =X+ My~ pap - (1 = sin e} /tan oy
dp =2 «my, - COS U /cOs B
COS Oy = dp/dg
d =z-mq/cosp
Ipr =2+ (da/2 - cOS {0t — 0ty — d/2) /tan oy

If
lpg = Ipy, then lpg = lpa  cOS W/cos B

If
Ipt > |pg, then Ipg = Ips - cos yw/cos B

hag = Addendum on the hob
X - my = Profila displacement
pag = Tooth tip radius on the hob

o = Pressure angle

B = Helix angle

z = Number of teeth

My = Normal module

dy  =Tip circle diameter of the gear

To = Lead angle of the hob
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The chip cross-sections within the working area of a hob are
known to be very different. In consequence, the individual

cutter testh are subjsct to different loads, and therefore exhibit
non-uniform wear pattems. It is therefore logical for the hob to
be moved tangentially in stages once one or mors workpieces
have been machinad in one position. This tangential movement is
termed “shifting™.

Shifting continuously brings new teeth into the working area of
the hob. The worn teeth leave the working area and the wear is
distributed uniformly over the useful cutter length. The number of
workpieces upon which a gear profile can be generated between
successive regrinds is determined by the length of the hob and
therefore also by the length of the shift distance.

In view of economic considerations - high tool life quality, low
proportional tool costs, low machine downtimes for cutter chang-
es — shift distances are selected which are as long as possible.
The maximum length of the shift distance is determined by the
design of the hobbing machine and therefore represents an ab-
solute limit. The relationship between the useful cutter length, the
tool cutting edge length, the length of the profile generating zone
and the shift distance is shown in fig. 6.

ls=lg=lo=lppg /2=-8-m,

The quantity 3 - m, makes allowance for the incomplete teeth at
the ends of the hob.

ok e
Shift direction

=1y I |

@S2-my

ls =7IRTAAE Usefullength of cutter
TIEPEI T B Tool cutting edge length
R4 B Shift distance

ls

lpo = $e B B KR 046 B Length of the profile generating zone
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Coarse shifting with a constant offset
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Axial distance in hobbing

Thae axial distance of a hob during axial machining is generally
composed of the approach distance, the width of the gear and
the idle travel distance. Fig. 7 represents a schematic diagram of
the axial distance of a hob during climb hobbing.

The approach distance is the distance which the hob must trav-
el parallel to the gear axis, frem the first point of contact to the
point at which the intersection of the cutter and the gear axis has
reached the lower face plane of the gear body.

The approach distance ig equal to the height of the highest point
on the penetration curve above the horizontal plane through the
intersection of the cutter and gear axes. The formulae for calcu-
lation of the penetration curve can be found in the Chapter “Wear
phenomena in hebbing”, page 188, fig. 13.
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The approach distance can also be calculated with sufficient
accuracy by means of the following formula:

For straight teeth:

E=vh-(dea—h)

For helical testh:

rah)

=t fh- (o

E = Approach distance

h = Cutting depth

dap = Cutter diameter

n = Pivoting angle

dz = Tip circle diameter of the gear

No idle distance, except for a safety allowance, is required for
straight testh.

The idle distance for helical teeth is determined by the profile-
generating zone in the face plane (fig. 8).

The dimensions for lpy and lp; are determined by the formulae
in.the chapter “Profile generating length for hobbing® and are
calculated as follows:

If Ips > Ipg; then U = Ip, - tan ﬂ
If Ipt > Ipg, then U = Ip - tan B
U = |dle distance

Axial distance=E+b+ U
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introduction

In the field of the machining processes for the manufacture of
gears, hobbing occupies a prominent position which, also in the
future, can anly be maintained through constant improvements in
quality and economy.

From this peint of view, hobbing must be regarded as a system
consisting of machine, tool and cutting parameters, which must
always be optimized afresh as regards an extremely wide range
of gear cutting tasks.

Through developing high-performance hobbing machines and
hobs the machine cycle times and the auxiliary procsss times
were considerably shortened. This did of course incrsase tha
importance in the analysis of the gear cutting costs for a specific
workpiece the tool costs, the costs of the tool change and the
maintenance costs of the hob.

It was therefore essential to advance also the technology of the
regrinding of hobs by means of high-performance grinding meth-
ods, such as the deep grinding process, and by means of suitable
abrasives adapted to the various hob cutting materials. There-
fore, grinding wheels made from crystalline cubic baron nitride
(CBN) and diameond should be used in addition to the convention-
al grinding materials such as silicon carbide (SiC) and corundum

(AlxOg).

Although the initial purpose when regrinding a hob is to remove
the wear marks from the cutter teeth, a range or other require-
ments must be met which are formulated below as a task de-
scription.

Task description

As with every metal removing machining process with a defined
cutting edge, wear marks occur on the cutting edges of the cutter
which affect chip formation, produce higher cutting forces and
which could therefore reduce gear quality. This is why the wear
has to be removed when it has reached a certain value. The
maximum width of a still permissible wear mark will be discussed
below.
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All relisf turned or relisf ground hobs are sharpened by grinding
on the cutting face. This process must with such high-quality
precision tools be carried out expertly and with the necessary
care.

Regardiess of the design, the dimensions, the cutting edge

geometry and the matsrial of the hobs, the following requirements

must absolutely be met when regrinding:

B The cutting face geometry must be produced in accordance
with the quality grade of the hob,

B heat stress on the cutter material by the grinding process must
be restrictad to a minimum,

m the roughness of the cutting faces and therefore the ragged-
ness of the cutting edges must be kept as low as possible,

B grinding methods and aids must be chosen so that main-
tenance and inspection costs are kept within economical
limits.

All preparations, the execution and the supervision of the regrind-
ing process must have as their aim the total observation of the
requirements listed above.

In addition, the following points must be observed during
maintenance operations on carbide hobs

Carbide hobs assigned to the “ISO K" group:

1. Remove coat

2. Sharpen the cutting face

3. Re-ceat

Wear phenomena on the hob

Where reference is made to the wear mark width in the context

of hobbing, this generally refers to the length of the flank wear on
the tip comers of the cutter teeth. In fig. 1, this is described as
flank wear, This particularly marked form of flank wear also deter-
mines the end of the service life of the hob.

In the upper curve of fig. 2 the characteristic course is represent-
ed for the formation of the wear mark width. This does not devel-
op proportionately to the number of workpieces cut.

The lower curve in fig. 2 has a marked minimum for the propor-
tionate wear of a tool at the transition to the progressive part of
the upper curve.

For the gear under consideration, the maximum wear should
not therafora exceed 0.25 mm on coated KHSS-E hobs ar
0.15 mm on carbide hobs if the lowest passible unit tool costs
are an objective.

Since the wear curves cannot be dstermined in all cases in the
form mentioned, soma guide values are included on page 162
in fig. 3.

At the same time it also becomes clear, howsever, that thers are a
range of other criteria, such as cutting matarial, moduls size, pro-

duction segquence or required tooth quality, according to which
the wear mark width must be evaluated.

-
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The "Roughing” column in fig. 3 shows relatively large wear mark
widths for roughing of gears with a high module.

Thase certainly already fall within the range in which wear in-
croases progressively. This can, however, oftan not be avoided

in thess cases, because ths volume to be remaved increases
quadratically with the module, whersas the number of cutter testh
involved in the metal removal process remains the same or even
decreases. The results ara higher stress on individual cutter teseth
and therefors greater wear.

Width of wear mark

For finishing, the wear mark widths must be markedly lower,
because wear-related cutting edge deviations and higher cutting
forces reduce gear cutting accuracy.

Experisnce with coated hobs shows that with wear mark widths
from 0.2 mm no longer the hard coating but the base material
determines wear development.

When milling hardened gears with carbide skiving hobs, a critical
wear mark width is reached at 0.15 mm. The increased cutting
forces and cutting temperatures resulting from the blunting of the
cutting edge not only stress the workpiece and reduce its quality,
but also lead to sporadic chipping and splintering of the tool.

On solid carbide hobs for dry machining, the wear should not ex-
ceed 0,15 mm. A further increase in wear leads to destruction of
the tool. It is therefore important to determine the tool life quality
per regrind. The first sign of increased wear during dry machin-
ing is the increase in workpiece temperature and in sparking.
Should sparking become severe, the machining process must be
stopped immediately.

For economical operation, wear distribution is of decisive impor-
tance, in addition to the wear mark width,
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If the wear of each individual cutter tooth is examined, the dis-
tribution is found to be that shown in the hatched curve in fig. 4,
if the cutter has been used in one position only. Converssly, if
the cutter is displaced axially (shifted) foliowing each machining
cycle, new teeth are continuously brought into the working area.
The wear is distributed evenly over a greater number of cutter
teeth, and the productivity betwesn successive regrinds is in-
creased several times.

The experienced craftsman in the tool grinding shop knows by
looking at the wear mark width and the wear distribution whether
a hob has been used correctly from the points of view of quality
assurance and sconomy. If the recommended values are sub-
stantially over- or undershot, this should always be reported to
the production sector.

Requirements placed upon the cutting face grinder {Fig. 5)
Radial/axial runout of the grinding disk < 0.01 mim. A grinding
disk form which is as rigid as possible should be selected. If
possible, select small contact surfaces. Emulsions should be
preferred to oil for the grinding of carbide.

Vibrations between workpiece and tool impair the surface quality.
All structural and clamping elements in the torque transmission
sysiem between the workpiece and the grinding disk must be
kept as rigid as possible in crder to avoid vibrations.

Important
Carbide hobs are very sensitive to impaci. Protect the tooth tips
during transport and storage.

HE150F200mm

Bl B shFndh i S sh it

<0.010mm

Diameter 150 up to 200 mm

Radial and axial runout < 0.010 mm

EEF &
#0.20mm ?
Feed motion up to
0.20 mm

f
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F_______.
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EFEF RSN

Cutter arbor

Do not use a pressing mandrael.
Avoid subjecting the hob to
Impact and/or tension.
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Hob tolerances

The flank cutting edges of tha hob are formed by the intsrsection
of the cutting faces with the relisf turned or ralief ground helical
surfaces of the tooth flanks. Since during the hobbing process
the tooth profile is formed by enveloping cuts and sach individual
enveloping cut is genserated by another cutting adge of the tool,
both the exact form of the cutting edges and the relative position
of the cutting edges to each other must be correct.

Regrinding on the cutting face always creates new cutting edges.
The working accuracy of a hob can therefore be considerably
impaired by regrinding. The cutting edges produced by ragrind-
ing only achieve their comrect form and position when ths newly
created cutting faces correspond to the original ocnes in form,
position, orientation and pitch.

Only if regrinding is faultless, will tool accuracy be kept identical
with the new condition. The tolarances of single-start hobs for pur
gears with involute testh are quoted in DIN 3968. Depending on
the accuracy, a distinction is made betwesn five quality grades,
namely AA, A, B, C and D.

The standard contains the permissible daviations for 17 values to
be measured. Five of these alonse concern the cutting faces.

Regrinding must therefore be camried out so that the permissible
deviations for the following measurement values are maintained:
® Form and positional deviation of the cutling faces,

m individual and cumulative pitch of the gashes and

B lead of the gashes.

For high-precision hobs it therefore also goes without saying that
the tolerances are checked on suitable inspection instruments
after each regrind.

Radial runouts on the indicator hube and axial runouts on the
clamping surfaces (item nos. 4 & 5 DIN 3868)

A prerequisite for all repair and inspection operations on the hob
is that the grinding and measuring arbors are running trus and
that the indicator hubs of the hob run trus to each other and to
the arbor (figs. 6 & 7).

The aim is to superimpose the axis of the cutter screw with the in-
stantaneous rotary axis and to chack this by measuring the radial
runouts.

If the high or low points of the two indicator hubs lie in one axial
plana of the cuiter, the axis of the cuiter screw and the rotary axis
are offsat - the cutter doas not run true.

If the high or low points of the two indicator hubs are rotationally
displayed in relation to each other, the rotary axis and the axis of
the cutter screw are askew, . e. the hob wobbles, and axial run-
out will also be found.

When werking with or on the hob, the user must know that he will
only achieve a sound tooth system when cutting, faultless geo-
metry when regrinding and an informative and reproducible result
when checking tha hob if the radial and axial runouts are kept as
small as possible.
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DANNANNA
7740

~a
LMT-FETTE
W’

7
DIN3968 %%k 5.1 £ m B sh 4k vl R 3
Permmissibie radial and axial runouts to DIN 3968
e F E R A A0 2 pm (1M =0.001Tmm)
RENS =y Tolerances in pm {1 pm = 0.001 mm) at module
MR Symbol of Quality *F over
_ Value to be measured the deviation class 0,631 1-18 1,625 2,54 463 6310 10-18 | 16-25  25-40 _
ETFMILOEA AA 5 5 5 5 5 ] 5] 6 B8
HEpBERssh
Radial runout at the two A 3 o 5 8 B &) 12 | A& | 20
indicator hubs ' ' ' ' '
based on the axis of B 6 6 6 8 10 12 16 20 25
th
mboe frn C 10 10 10 12 16 20 25 a2 40
AAA D *WE
F 7 777777 [ not determinad
== - ATHaPOATRESE
- < TS 00 B
? - = = § The highest points measured at the two indicator hubs must not be offset by more
than 80°.
ETHILERHE AA 3 3 3 3 3 4 5 5 6
FEHE R
Axial runout at the
clamping surfaces A 3 3 3 5 5 8 8 10 10
based on the axis of
the bore
Tos B 4 4 4 6 6 10 10 12 12
[ L] C 6 6 6 10 10 16 16 20 20
2O NN
IO ¢ D 10 10 10 16 16 25 25 32 32
*
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BEAENEFEREER LREREERAEHNEE,

HEFECQNAMENTET, EMTIBRERFIIREHN
BEuRE®T. M FHEEAIARHARENTIR, #
MERESSHARD, PFARNAEEENMTE, XulllE
SNREZ2H%XM.
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Rake angle on the hob
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It is therefore understandable that the permissible deviations

for the radial and axial runouts are very restricted and that it is
essential to measure them not only during the acceptance test of
the hob, but also during the inspection after sach regrind.

Form- and positional deviation of the cutting faces

{item no. 7 DIN 3968)

The cutting faces are gensrated by the straight lines which
normally run through the cutter axis of the gear hob (fig. 8a).

In those cases in which these straight lines run in front of or
behind the cutter axis, they form negative or positive rake angles
with the radials (fig. 8b, ¢). The grinding wheel must be set by
the rake angle distance “u” in front of or behind the cutter axis to
match the rake angle. This also applies to the height setting of the
gauge stylus when checking the form and positional deviations
{fig. 9).

For roughing cutters with a positive rake angle it is snough to
maintain the u-measurement specified in the cutter marking when
regrinding. In the case of finishing cutters with positive or nega-
tive rake angle, e. g. carbide skiving hobs, the u-measurement
must be read off a regrinding diagram as a function of the cutter
diameter.

L)

RREE Ea)

ENSA, bifiis

Setting the gauge stylus for

a) positive rake angle, b) negative rake angle
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10
HRENREE
Sharpening table for gear hobs
ATHES e 4-62069
Ident No. Drawing No.:
TIRAS: J1105 75
Cutter No.: Tool No.:
Y. 4,5 Ehf: 20°
Module: Pressure angle:
K& : 5,34 e 10,58
Cam: Tooth length:
R 15
No. of gashes: _
KRR R 119,899 RSN -20,521
Quiside-@ (actual dimension) u (actual dimension)
ZRARERE 8
Tooth tip length {actual dimension)
L u Da0 L u Da0
8 -20,521 119,899 2,508 -20,104 117,559
7,858 -20,51 119,839 2,369 -20,083 117,499
7,716 20,5 119,779 2,229 -20,083 117,439
7,574 -20,489 118,719 2,09 -20,072 117,379
7,432 -20,478 119,659 1,951 -20,0861 117,319
7,291 -20,468 119,599 1,811 -20,05 117,259
7,149 -20,457 119,539 1,672 -20,04 117,199
7,007 -20,448 119,479 1,533 -20,029 117,139
6,866 -20,436 119,419 1,394 -20,018 117,079
6,724 -20,425 119,358 1,265 -20,007 117,019
6,583 20,414 119,299 1,116 -19,897 116,959
6,442 | -20,404 119,239 0,977 -19,986 116,899
63 -20,393 119,179
6,159 -20,382 119,119
6,018 -20,372 118,059
5,877 -20,361 118,999
5,736 -20,35 118,939
5,595 -20,34 118,879
5,454 20,329 118,819
5,313 -20,318 118,759
5172 -20,308 118,609
5,031 20,297 118,639
4,89 -20,286 118,579
4,75 | —20,275 118,519 E
4,609 -20,265 118,459
4,489 -20,254 118,399
4,328 -20,243 118,339
4,188 -20,233 118,279
4,048 -20,222 118,219
3,907 -20,211 118,159
3,767 -20,201 118,099
3,627 -20,19 118,039
3,487 -20,179 117,879
3.347 20,168 117,919 R o M~
3,207 -20,158 117,859 us= gﬁ%&;ﬁi ot
2027 20,136 117739 0n0 - AN EES
. = : Cutter dlameter
2,788 -20,126 117,679
2,648 -20,115 117,619

www.Imt-tools.com 187

Anhang

Attnchmant



i WL

Maintenance of hobs

REERRERTIREE, RANFENT, THITA—EHR
gt {E10) .

ViERERENRESSHEMN T THREEERANEREE
HiRE,

BXMN A (E11) REXTRDENE, ShTREBES,
BONMATA(E12 ) SEEIRDNE, FEnTREMA.

UHEERRETSI=%: OHE, HERMRENHAESN,

11

VREREERE

aliels, EVIRMAR

b) 71 Riiirific

) LHEERBER, NERM

BEREWETNRAEIHENER
ERER.

Positional deviation of the cutting face
&) Faulty, positive cutting face position
b) Elongated cutter tooth

¢) The workpiece tooth becomes thicker at the head, tip contact

The broken-line contours indicate the theoretically correct
profile of the cutter- or workpiece tooth.

12

LUk ais
alRiE. MBI AaR
b) 7] R SE

o) THEAmSEN

Positional deviation of the cutting face

a) Faully, negative cutting face position

b) Shertened cutter tooth

¢) The workpiece tooth becomes thinner towards
the top

13

/LT[ 2 e
a)ikls, O
bio R M

o THEmMEEHR,
B REN

Form deviation of thae cutiing face

a) Faulty, crowned cutting faca

b) Crowned cutter tooth

¢} Concave flank form on the workpiscs tooth,
tip and root contact
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This regrinding diagram applies to the cutter diameter, the rake
angle and the relief grinding opseration and is supplied with the
cutter (fig. 10, page 167).

Deviations from the specified vaiue of the cutting face distance
rasult in flank form and base pitch deviations on the hobbed
workpisces.

A bigger rake angle (fig. 11) elongates the cuttsr tooth and reduc-
es the profile angle.

A smaller rake angle (fig. 12) results in a shorter cutter tooth and a
greatsr profile angle.

The cutting face form deviations can be divided into three main
forms: crowned, concave and undulating.




HEEAEARR N TRERGRT], THESRENHESE,
PEMESE, NTESERL, PREEEAL, NOHMEER
o

HEOEDHA(EIDNGEAFNIH IEHESEEHAERE
REEEENHR, XHERESTIECSHATHERR,
BmERERNERBES, ARTFHEE,

TEIN TR M AR B RV R FT LU /N ST U I Ay oY H P, &7
ARGEXHERARBNDRETUTE— T FENHFEEN
RAtUEIE ( E14, B15)

HEFFERMBENENEN T RN, RARERMNERE
S5HM, SHERBEEN TERNHFEERWERALK
H, MEERSHATEZRNSHEERR.

DHAEEROEREREEREH TEEERBEENDRDER
RIS W AR E R AR B TiBRLAY . (E16)

URAnHERE
YU EZEMEER KN, RESZLRE, EXRER
T, M EEZTHESRAESSNREETHERLE.

MBEHHAEEREENEARENAEE, BARERMERT
ERsBEAEMRR. s U Tk S B B &
o

14
QMR HONE.

T S O M 1 M O B
Cutting face on a hob with gash lead.

Ground with convex-ground grinding wheel.
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The crowned cutting face faorm ig found when hobsg which have a
gash lead are ground with straight dressed grinding wheels. This
crowning increases with shorter gash lead, greater tooth height
and large grinding wheel diameters.

Hobs with crowned cutting faces (fig. 13) produce workpiece
teeth on which too much material remains in the tip and root area.
Thesa gears exhibit an uneven running behaviour and reduced
load bearing capacity and are therefore not accepted.

By choosing a grinding whesl with a smaller diamster the crown-
ed form on the cutting face can be reduced. A correspondingly
crowned grinding wheel, manufactured in or dressed to this shape,
generates a straight or even concave cutting face (fig. 14, 15).

Hobs with a slightly concave cutting face produce workpiece
teeth with tip- and root relief. This form of the deviation from
the ideal invalute form is permissible and is in many cases evan
specifiad.

Undulating form deviations on the cutting face are generally
caused by badly dressed grinding wheels or worn or badly guided
dressing diamonds (fig. 16, page 170).

Pitch deveation of the gashes

Pitch deviations occur when the distances of the cutting faces
from each other are not uniform. In practice, individual cutting
faces lie in front of or behind the assumed radial pitches, which
predetermine the exact specified pitch.

If the cutting face of a tooth is further back than the specified po-
sition, the tooth will generate a flank form which projects beyond
the specified form. A tooth with a projecting cutting face will cut
away too much metal at the tooth flank.

16
HiEmR7 oM ERERRE,
B P IR I B A T RE T IR U A9

Cutting face form emror on a hob with gash lead.
Ground with stralght-dressed grinding wheel.
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Form- and positional deviation of the cutting faces to DIN 3868
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Impsermissible deviations from the individual or curnulative pitch
of the gashes may cause irregularly or periodically occurring flank
form and base pitch deviations on the workpieces.

To this must be added that the flank farm on the workpiece
changes when the cutter is shifted. The reason for this is that

it is important where the hob tooth afflicted by a pitch deviation,
is situated relative to the prefile forming zone in guestion

and that the comresponding tooth changes its position when
shifting.

individual pitch of the gashes (item no. 8 DIN 3968)

If the individual pitch deviations ars to be determined by means
of dualgauge measurement, the values read off must be convert-
ed as follows: The measured values for a complete cutter rotation
are added, noting the + or— signs. The differences correspond fo
the individual pitch deviations.

The difference between two adjecent individual pitch deviations is
referred to as a tooth to tooth pitch error.

WP AREPM (1M =0.00Tmm)

-y ‘ Tolerances in pm (1 pm = 0.001 mm) at module
aHEye | wsE ATF over
MEN Symbol of | Quality
_ Value to be measured the deviation | class | 0,63-1 1-1,6 1,6-25 254 4-6,3 6310 10-16 1625 -40
UMEmE AA 0 0O 12 16 20 25 | 32 | 40 50
A RA. | W
Form- and positional ;
deviation of the cutting faces . "Q e = = e Al [ o4 _ b _ 6a
HEE
Avial plaria IEIRE B 25 32 40 50 63 80 _ 100 _ 125 _ 160
u Cutting - L L .
degdi G 50 63 80 100 125 160 200 250 315
oK D 100 125 7 160 7 200 7 250 7 3156 7 400 7 500 7 830
Specif. line - ) ) ’ ’ : : : :
M £ B I T B LR
ERuSHEA0E=%)
Distance “u” of the specified Fy

line from the axial plane
{at rake angle 0° = zero)

W E
Inspaction diagram

, DERE

Cutting depth
> .;SE ENN

fid 3
Speclification line

|
Tocth tip
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HURERTEXNFE—TUENAHECRONRTEMNHR
RAHEHE. ST TENREES TR MHERRTERENE
fE. (@E17)

HREENRMNE18H T,

VIR MARWE(DINIO6B T 104%)
BRAPEERZATUET—MINESXEM, UEEAE
MESTEAEAEZHNEE,

NREAEFHSESIEAHRATRES EEEOURE &y
i, BLARRAVERSETRERIES,

ok, MERESVEHRSFERM, BLARAVERSMHE
LA R AR NRERHEEE,

DIN396BIFE MM IORMAZRXTAVEREN. XEKE
HATEREMEEEAERATERESREXOARFNERE
HiEEE, (E18)

PIRMSE(DINI9GBIRRE114)
VERSEREMNALERNHEA T A 100mmE EHIE R
BETAIR TSN, IAEEEATFHENIEDNEERED,
BUNMEESEESNEARR. BEXEENELRNRE,
HFHAEENNI SR ERNERENRS,

17

RMRYERS

UHE: FRLERLE.

UME2: hEdlE, hESUNANEEREX.
VMEs: ke, SKES, SUNMEAKREX.

Pltch deviatlon of the gashes
Cutting face 1: Theorsatically correctly placad
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The measurement can also be carried out by comparison with an
indexing plate or with the indexing arrangement of a measuring
machine. The values read off represent in comparison to the zero
position of the firet gash the cumulative pitch of the measured
gashes, The individual pitch deviation equals the difference of
two adjacent cumulative pitch deviations (fig. 17).

A summary of the computation processes is shown in fig. 18,
page 172.

Cumulative pitch of the gashes (item no. 10 DIN 3968)

The cumulative pitch deviation indicates the difference between
actual and required gash positions, one cutting face bsing used
for referencs.

The cumulative pitch deviations can be read off directly, if the
measurement is carried out with the aid of an indexing plate or
with a correspondingly accurate indexing amrangement.

The cumuiative pitch deviations can however also be calculated
from the twodial measurement, if individual pitch deviations are
added continuously.

The tolerances in DIN 3968 item no. 10 relate to the total pitch
deviation, The total pitch deviation is here the distance between
the biggest positive and the biggest negative cumulative pitch
deviation {fig. 18, page 172).

Gash lead (item no. 11 DIN 3968)

The tolerances for the deviations in the gash lead are based

on an axially parallel measuring distance of 100 mm and they
apply equally to hobs with a helix and to hobs with axially paralls!
gashes.

Directional deviations of the gashes result in flank form-, base
pitch and pressure angle deviations and in the case of diagonal
hobbing also in tooth thickness and tooth lead deviations.

Gutting face 2: Pltch too short, tooth proflle projects relative to the profile on the cutiing face
Cutting face 3: Pltch too great, tooth proflle ast back relative to the profile on cutting face 1
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AREENEEHANERSE M TERE,

EEENERENRAVEREINE

Computation diagram for individual pitch deviation, tooth to tooth pitch error and cumulative deviation
from the measured value rsadings of the two-dial measurement

BAVEREN ESESERELY, RAVEREF,

individual pitch deviation fiy, tooth io tooth pitch error funy, cumulative pitch deviation Fuy

EEHEHE
BAYIEE BEfn REYE
REfN Tooth to iEF,,
PR ERARE Individual | tooth pitch Cumulative

Cut- Measured pitch error pitch
ting value deviation deviation deviation
face | reading | fin . fun Fin
12 0 =2 | | |+8 |2
23 +8 +6 |10 | | +4
34 -2 -4 -2 0
45 -4 % | |  |+14 -6
5/6 |+10 +8 |6 -2
| 6/7 | +4 +2 |2 | +4
78 +2 1o -4 | | +4
a1 |-2 -4 +2 | 0
) ERMRE [] REBERSEF, 12 10 2 162)
Measursd value reading— Cumulative pitch deviation Fyy |16:8=+2 |-16 | +16 |-24 |+24
BAVERE B AT RS 0 0 W A IE (> H a2 ? individual pitch deviation fy, is the difference between the
BTEEREFAENNARREL I E, reading of the 2-dial measurement and the correction value.

The correction value is determined from the algebraic sum
of all read values, divided by the number of pitches

1. $EEERITHR 1. Calculation of the correction value
0+8-2-4+10+4+2-2=+16 0+8-2-4+10+4+4+2-2=+16
16/8 = +2 #EIEM 16/8 = + 2 correction value

2. 8 HERENITE 2. Caiculation of the individual pitch deviation
B —{ IF {8 =B4HHERE indicated value - correction value = individual pitch deviation
0 -{+2) =-2 0 - (+2) =-2

+8 -{+2) =+6 +8 -{+2) =+B

-2 -{+2) =4 -2 - {+2) =-4
-4 -+2) =8 fiv 4 - (+2) =-8

+10 -+2) =+8 10 5 +10 -(+2) =+8

0 'fuN

+4 -(+2) =+2 RE L +4 - (+2) =+2

+2 - (+2) =0 +2 - (+2) =0
-2 -(+2) =4 -2 - (+2) =—4
EREHERRENERN—TRAVERE ST VERBARAN, Tooth to tooth pitch error 1.y is calculated by subtracting the
RRYERS, A TEREENSIHMAR. previous individual pitch deviation from the individual pitch de-

viation.

Cumulative pitch deviation Fyy results from the addition of the
individual pitch deviations.

RSt ]

0 +(-8) =8

P e |
O [Pt

27 L = o

+4 (0 o=+
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PREAAFENRRAVBESEN L FRER

Permissible deviations for individual pitch and cumulative pitch of the gashes as well as the gash lead

ARMBWIEMEALE 1M (1 BM = 0.001mm)

ER Tolerances in um {1 pm = 0.001 mm) at module
HEHS t 1] F*F over
MNEE Symbol of | Quality
| Value to be measured the deviation | class 0,631 1-1,6 1,6-25 2,54 4-63 6,3-10 10-16 16-25 2540
AP R M N Rt — 2 AA 10 £10 #1216 = 20 425 32 #4050
o EA TR |
inghdclug] PHED of Wik pesiies A | #1216 220 225 232 40 50 | 63 180
measured at half tooth height | | | | | | | |
B +25 +32 +40 +50 +83 +80 @ 100 125 160
c +50 +63 +80 =100 =125 160 200 250 =315
D =100 =125 =160 =200 =250 =315 =400 @ +500 | 630
fin
Null
Zero
VR R AA 20 20 25 82 40 50 53 80 100
£ e — S
Cumulative pltch of the A | 25 | 32 40 .. 50 63 80 100 125 160
gashes |
measured at half tooth height B | 50 | 63 80 100 125 160 200 250 315
C 100 125 160 200 250 315 400 500 830
D 200 250 315 400 500 630 800 1000 | 1250
Fin
Ban
Inspection diagram
M | Fin
4 S s
e ot s o g
12345878 9‘]01112
IRARGE AA %50
Hid100mm
MEREEE LATIEKE A +70
Gash lead over 100 mm
cutter length B +100
based on the reference cylinder
fn c +140
100 mm
D +200
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The tolerances for the deviations of the gash lead are relatively
wide, since they only fractionally affect the tooth geometry.

It should be taken into aceount, however, that the effect on the
directional deviations on tooth accuracy is greater with high than
with low modules, since the length of the profile formation zone
increases with the module size.

Regrinding of roughing hobs
LMT Fetie roughing hobs can be reground on any hob regrinding
machine.

The hobs are manufactured with a positive rake angle. The cut-
ting face is therefore off-center. Tha deviation from the center is
indicated by the dimension “u” which is indicated on each hob.

Prior to bsginning regrinding work, offset the grinding disk from
the centre by the dimension “u”.

On LMT Fette roughing hobs with a finite gash lead, ensure that
the grinding disk is crowned, in order to ensure straight cutting
faces.

All LMT Fette roughing hobs have 10 teeth groups, each of which
has 2 gashes, i. . 20 gashes in total.

The gash pitch, the form and location of the gash, and the tip
runout must be checked following each regrind operation, for ex-
ample on a universal pitch tester. The tolerances should be within
quality grade A to DIN 3968,



HURIHERNIIE
Regrinding of roughing hobs

ATHRBRENREETEE, ROHLEX16(20)ERRTIE
T, BwRENMEERAE,

FEDINIESIRA A T IG5 0 11 B0 8 =5y B R i 1 2 2k A i n
TEM,

REFEAMS10)NERETIEMT.,
EXRLBESR, BAXEHEEESD,

25 % BB HU A Tl S 17 B M H R T AR5 2 B 16(20) WEE— R A
IE,

In order to obtain a perfect gash pitch, the hob is first ground
with the 20 pitch disk. The grinding disk is plunged as far as the
small tooth gap.

A gash pitch within quality grade A to DIN 3968 should be
attained by this grinding operation.

The hob is then ground with the 10 pitch disk,
In this operation, the grinding disk is plunged to the depth
of the large tooth gap.

This grinding operation must be performed until a smooth
transition to the reground tocth tip porticn of the 20-pitch
is achieved.

A

/

F_MEHIM S EDREE

Metal removal in the second

grinding aperation
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Protuberance hobs
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General principles

Hobs with protuberance {fig. 1) are roughing cutters whase profile
differs from the standard type to DIN 3872 in that protubsrances
are present on the tooth tips which project beyond the siraight
flanks of the basic profila.

The purpose of the protuberance |8 to create a clearance cut on
the tooth roots of spur gears. This is necessary when the teeth
are to be finish machined by shaving, grinding or by habbing with
a carbide skiving hob.

The clearance cut on the gear flank is necessary to avoid a weak-
ening of the tooth root through the fermation of steps (fig. 2. lt is
also intended to make it impossible for the grinding wheel or the
honing wheel to strike the tooth root of the gear, since this would
have adverse effects — through the deflection of the grinding or
honing wheel — on the quality of the flank form. An additional load
on the tooth root through grinding stresses could then not be
excluded. A clearance cut shape as in fig. 3 should be aimed at,
which results after removing the machining allowance in a smooth
transition of the root rounding into the tooth flank. This shape can
however not be achieved in practice, because, for example, a
faultless positioning of the grinding wheel relative to the work-
piece would be very expensive and compensation of permissible
dimensional deviations and possibly occuring heat distortion is
not possible.

Fig. 4 shows a generally used form of the clearance cut. The
clearance size — and therefore also the amount of protuberance —
exceeds the machining allowance. A residual clearance remains
on the finished gear. Increasing the protuberance does however
also increase the root form circle diameter (dp, fig. 5).

On straight spur gears, a distinction must be drawn between the
form circle and the effective circle. Tip and root form circles are
circles up to which the involute prefile extends. If, for example,
a spur gear has a tip chamfer, the tip form circle diamster is the
diameter at which the chamfer bagins. The tip form circle diam-
ster is therefore smaller than the tip circle diameter of the gear
by twice the radial height of the chamfer. The root form circla
diameter is located at the point at which the roeot rounding or
the undercut begin. It does not follow however that the flanks
betwaesn the tip and root form circle diametsr actually engage
with the mating gear, i. e. are actually used; this depends upon
tha tip circle diameters aof the gear pair, the centre distance, and
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the pressure angle which result from the effective tip and root
circle diameter. The effective circles may have the same dimen-
sions as the corresponding form circles. The effective tip circle
diameter cannot howevar exceed the tip form circle diameter,

and the efiactive root circle diameter cannot be smaller than the
root form circle diameter. When specifying the protuberancs it
must be ensured that the root form circle diameter is less than the
effactive root circle diameter; only then can it be ensured that the
effective root circle diameter calculated for the requisite contact
ratio is actually present.

In some casss one dispenses during roughing prior to shav-

ing completely with the clearance cut, but makes sure that the
tooth root is cut out sufficisntly for the shaving cutter no longer
to touch the root radius of the gear. The minimum and maximum
sizes of the clearance cut are therefore limited by the finishing
method - shaving or grinding, form and position of the relative
tooth-crest track of the shaving cutter or the grinding whesl, per-
missible tooth thickness deviaticns etc. — and by the amount of
hardsning distortion on the one hand and by the size of the root
form circle diametsr on the other hand.

In accordance with the importance of the root form circle diam-
eter, the details given below will only deal with the effects of the
various tool and workpiece parameters on the size of the root
form circle diameter.

Generally, all the teeth/gear numbers of a module can be cut with
one protuberance profile.

The addendum of the tools should be greater than 1.25 x m.
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The amount of protubserance is made up of the machining allow-
ance and the residual undercut remaining on the finished gear,
These two values depend on the subsequent machining process,
on the size of the workpieces (pinion or ring) and on the distortion
during heat treatmant. It is therefors entirely possible that differ-
ent tool profiles are nesded here, A special design of the tool pro-
file may also becoms necessary at smaller teeth/gear numbers
{less than 15) and with large negative profile displacements.

The paramsters for the root form circle diameter are on the work-
piece: moduls, pressure angle, number of teeth, helix angle and
profile displacement on the hob: addendurn, tip circle radius,
amount of protuberance and protuberance angle.

To ensure that no misunderstandings will occur in the text below
about the meaning of the terms used, these terms will bs dsfined
with the aid of the illustration.

Terms used on the basic hob profile
Fig. 6 shows the basic hob profile. This is complemented by the
definition of the terms used in conjunction with the basic profile.

An example showing the different dimensions of a basic hob pro-
file is given below. This protuberance profile has been particularly
suceessful in many cases.

gapg = 0,40-m
opo =0,2-m
app = 20°
dppp = 10°

qee = 0,09+0,0125-m
preo = 0,129 + 0,0290 - m
B 7T < Module 7
(u=0,039 + 0,0165 - m)
preg = 0,181 + 0,0235 - m
¥ 7 > Moduls 7
(u=0,091+0,011-m)
happ = 1,4-m
hpg =2,6-m
. 2 gpo
Spo = m21|: _ W?xpn

Qaro = WINE % Tooth tip radius

oro = iR EEYE Root fillet radius

ope = #M < Profile <

Opro = MIFARAEE € Protuberance angle

gre = I Machining allowance

Pree = AifadE Amount of protuberance

hpreo = P18 & Hsight of protuberance

hapg = WM Addendum

hpg = B®E®WE Profile height

spp = M Tooth thickness

u = NI EREERNERUE R
Root clearance cut on the finished gear

u = Preo—Qro
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Calculation of the root form circle dlameter
The root form circle diameter can be calculated using the soft-
ware developed by LMT Fstte.

In theory, the root curve comprises the region generated by

the teoth tip radius and that profiled by the protuberance flank.
The second region is an inveolute profile, in which the involute
intersects the root curve of the main Involute. The intersection
is determined by tha root form circle diameter. In the majority of
cases examined, the involute region of the undercut curve is not
present, however, and the root rounding generated by the tooth
tip radius forms the intersection with the main involute.

It has proved practical to plot the computed root curve and to
analyse the result of the plot. The intersection of the root curve
with the main invoiute following machining is of decisive impor-
tance for evaluation of the roat form circle diameter. On gears
which have been hardened and ground, it must be considered
that hardening distortion and incorrect centring of the grinding
disk result in differsnt volumes being ground off the roughed
tooth flank, This may result in the root form circle diameter being
displaced from the theoretical dimension arrived at by calcula-
tion. In such cases, it must be ensured that an adequate reserve
remains between the calculated root form circle diameter and the
requisite root form circle diameter,

Practical experience has shown that gears with a small number
of teeth and only a small positive profile displacement may lead
to problems if the root form circle diameter is too large. The result

MREITHFEE ERERHERENIESRERERAESMXN, BLBFARET

PN RES RS RNT RN,

If the root form circle diameter or the effective root circle diameter are not specified in the workpiece drawing, the effective
root circle diameter must be calculated from the gear pair data according to the following formulae:

(1) dnm=y{(2-a-sinow- {d2_,-dZ, P +d2,

2) de=4(2.a.sin Ot — 'Jdﬁa1—d§1)2 T2,

_(z1+za) - my

(3) cos o= 5 .a COS oy

@ my=_Che

tan ag
cos B

(5) tanaoy =

Z: My - COS o4

©® dp= BB

Hrp
Where:

dnit, dve = FREREAEE

Effective root circle diameter

dnat, dnez = BB TH E £

Effective tip circle diameter

a = s b BB
Centre distance
Cwt =mMIEhf
Operating pressure angle
dp - ENER
Base diameter
21, 22 = &5#
Number of {eath
my = LFEEH
Heal module
O =RGEENS
Real pressure angle
B = REA
Hslix angla
*
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AFX(1M(2)H1795, AN EESSAEECAK, ARS can be improved by a smaller protubserance guantity, a larger
addendum, or & smaller tooth tip radius on the basic hob

R E ST AT E TS {TER, rveilia

In formulas (1) and (2), page 179, either the tip circle diametsr,
or if a chamfer is present, the tip form circle diameter of the
corresponding mating gears, are smployed as the effective tip

circle diameter.

gl d
Tooth gap profile in the face plane

n T sl

Machining allewance

B#in T hgniiREsiE
i Poot form circle on the gear
I following machining

52 R G e e S A AR A

+  Root form circle on the finished gear
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Wear phenomena on the hob
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The cutling forces

The hobbing process has bean known for aver a cantury. For al-
most as long, people in the trade have grappled with the problem
of hob wear.

Whereas in turning and milling the metal cutting process can be
characterized by 3 values, namely the cutting speed “v”, the fead
“f5" and the infeed “a”, two special points must be taken into ac-
count in hobbing.

In contrast to turning and milling, considerably more parameters
act on the cutting process. These parameters result from the
manufacturing process and beyond that from the geometry of the
tool and the workpiece.

The effects arising from the cuiting process cannot easily be ex-
plained by the interrelationship of these parameters.

Thémer (1) found already during his studies of the cutting forces
during hobbing that the cutting forces occurring on each tool
cutting edge can be calculated from the cross-secticnal area of
cut involved. Calculating the cross-sectional areas of cut is there-
fore very important in this connection.

In addition to this, knowing the crosssectional areas of cut cccur-
ring in hobbing also makes it possible to forecast the tool wear
and to assess the suitability of specific cutting materials.

The chip thicknesses on small modules and the chip lengths can
be influenced only slightly by the cutting speed and the feed rate,
and are determined principally by the geometric dimensions of
the hob and the workpiece.

Fig. 1 shows the cutting forces oceurring on the individual cutting
edges for three different axial feeds, as they arise when conven-
tional hobbing a spur gear. At the entering cutter side one can
see that the cutting forces initially rise steeply, after which they
gradually decrease up to the end of the engagement length.
Apart from the first working cutting edges it is found that almost
equal cutting forces are present on virtually all other cutting edg-
es despite different axial feeds.

The reason for this phenomencon is that the chip shapes at these
cutiing edges are determined almost exclusively by the cutter-
and workpiece size.

HEAEE
Entering gear flank

8 ) A
AAH
Infeading
cutter flank

L Eis ]
Leaving
gear flank

B HE
Outfesding
cutter flank

I#
Warkpisce

70

##BThamer,AachenT ¥
acc. to Thdmer, Aachen Polytechnic
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Wear phenomena on the hob
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It can also be seen that the number of cutting edges taking part

in the metal removal increases with faster axial feed. Whereas in
our example only 13 cutting edges work on the sntry side of the
cutter at an axial feed of 2 mm per work rotation, this becomes 17
cutting sdges already at 4 mm fesd per work rotation and finally
20 cutting edges at 8 mm feed per work rotation, i. e. about 50 %
mors than at a feed of 2 mm.

These cutting force diagrame also reveal that in hobbing the indi-
vidual cutting edges carry different loads, which naturally resulis
in a non-uniform wear pattsrn. The effect of the axial feed on the
maximum main cutting force is shown in fig. 2. The cutting force
increases in the present example degressively up to a feed of

3 mm per work rotation. Over 3 mm feed a slightly progressive
increase in cutting force is found, which changes at 6 mm into a
slightly degressive course. At 10 mm feed the cutting force is ap-
proximately double that at 4 mm feed.

The chip thickness which have to be parted off from the individu-
al cutting edges during hobbing are shown in fig. 3. One can see
that the chip thickness increase lineary from the point of contact
towards the entering cutter side. They are aimost the same for all
axial feeds and only exhibit certain deviations at the first working
cutting edges. At a feed of 10 mm per work rotation the maxi-
mum chip thickness is over 0.5 mm. At a feed of 8 mm per work
rotation a maximum chip thickness of about 0.45 mm occurs in
the present case, whereas at a feed of 4 mm per work rotation
the maximum chip thickness becomes 0.35 mm and at a feed of
2 mm per work rotaticn it becomes about 0.28 mm.

Ziegler (2) demonstrated that the cutting speed has no appre-
ciable effect on the main cutting forces (fig. 4). With all materials,
the main cutting forces remain almost constant at cutting speeds
above 50 m/min., whereas they rise when the cutting speeds
decrease. The rise is somewhat steeper during conventional hob-
bing than with climb hobbing. The decreasing trend is found up
o about 50 m/min., independently of the milling process and the
gear data.

At higher cutting speeds the cutting forces can not be reduced
any further. This was confirmed particularly by the use of a
module 1.5 carbide hob. For the feed, a value was chosen with

all cutters which corresponds numerically to about 2/s of the
module.The main cutting forces depend apart from the machining
conditions on the workpiece dimensions, in particular the numbar
of testh and profile displacament. They are also affected, how-
ever, by the number of sagments of the cutter and particularly by
the latter's true running.

Ziegler (3) studied, among other aspects, also the effect of the
lead directions of cutter and workpiece on the circumferential
force and the coordination of this circumierential force with the
direction of rotation of the table. If the lsad diractions of cutter
and workpieca corraspond, the component from the main cutting
force opposes the workpiece rotation.
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This means that the circumferential force presses the machins ta-
ble and therefore the indexing worm wheel mere strongly against
the drive worm. No additional table motions can then take place.
If on the other hand the lead directions are opposite, the compo-
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nent from the main cutting force acts in the direction of rotation
of the table.

If the circumferential force acts against the table rotation, it has
virtually no influence on the latter. If it acts in the same direction,
however, the table an convantional hobbing machines is sub-
jecied to movements at the segment engagement frequency, the
magnitude of which corresponds to the play between the worm
and the worm gear, and which may lead to a rough, rippling ma-
chining pattern along the tooth flank to be machined.

The cress-gectional areas of cut

To study the wear behaviour of hobs it is necessary to know the
cross-sectional arsas of cut for the individual cutter teeth.
Already the study by Ziegler (4) of the cutting forces presupposed
a knowledge of the cross-sectional areas of cut.

The main cutting force and the cross-sectional area of cut are

in hobbing different for each individual tooth of the cutter. This
makes hobbing quite differant fram other machining process-
es, where an increase in feed immediately produces a change in
chip thickness. In fig. 5, page 183, the measured cutting forces
bslow and the calculated maximum cross-sectional areas of cut
abave are plotted one above the other for a particular gear, The
cross-sections are sub-divided according to the cutting sdges
on the tip and on the two flanks of the cutter testh. It can be
ciearly seen that in the roughing zone the cross-sections on the
cutter tip far outweigh those of the flanks. To obtain the values
for this figure, gears with only one tooth space were cut, so that
the cross-sectional arsa of cut could be coordinated with the cor-
responding cutting force. After the connection between cutting
force and cross-sectional area of cut has been established, the
task was to define the wear forms and their causes on the cutter
tooth.

Woear criteria

On the hob tooth a distinction is made between flank wear,
cutting edge rounding, chipping and pitting (fig. 6). To be able to
study the wear behaviour of hobs realistically, the tests were car-
ried out in cooperation with the industry under mass production
conditions. In fig. 7 the wear mark width "B~ refers to the flank
wear. The upper curve of the figure shows the well known char-
acteristic with an initially degressive rise, which is followed by an
almost linear section. As the number of units increases, the rise
becomes progressive. In the lower curve the wear is based on the
number of units cut. A minimum is then found and consequently
a specific value for the wear mark at which the proportional tool
costs become minimal. if one looks at the wear of each individual
cutter tooth, a representation as shown in fig. 8, page 185, re-
sults. Here, 40 gears were cut in a quite specific cutter position.

The roughing work is in the case always carried out by the same
cutting edges, so that maximum wear occurs on a few cutter
teeth which have to be reground although other teeth show litile
or no wear. With axial cutter displacement (hob shift) on the other
hand, other cutting edges move into the maximum stress area
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during each work cycle, so that a large number of cutter testh
have a virtually identical wear mark width.

The effect of the cutting conditions on tool wear is of particular
interest.

The depandence of the wear mark width “B” on the feed is shown
in fig. 9. With small feeds the chip thicknesses and the cutting
forces are small, whereas the number of stariing cuts is high.
With greater feed the cross-sectional areas of cut increase, and
with them the cutting edge stress and temperaturs, whereas the
number of starting cuts decreases.
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If one locks in fig. 10 at the mean wear as a function of the feed,
one can see that the increase in wear at greater feed is so little,
that the reduction in cutting time achieved by increasing the fesd
iz much more important than the only slightly worse tool wear. It
can be deduced from this that in the area studied an increase in
feed is not limited by the wear, but by the attainable gear quality,
particularly as regards the feed markings.

In contrast to the feed, the cuiting speed affects tool wear far
mora. We shall coma back to this fact |later.

Hoffimeister (5) classified the effects on hob wear according to
cutter, machining and gear criteria. According to his findings,

the wear is influenced by the diameter of the tool, the number of
starts of the tool, and the number of segments. Further influenc-
ing factors are the tip radius, the relief angle of the cutter profile,
the rake angle of the cutting edges, and finally factors such as the
tool design and material.

Wear is strongly influenced by the following machining condi-
tions:

By feed “f,”, by shift “si”, cutting depth “a”, cutting speed “v".
Other factors affecting wear are the machining method, the con-
dition of the hobbing machine, the mounting and clamping of the
tool (run-out) and the gear and, finally, the coolant.

The gear affects hob wear through its diameter, the module size,
the helix angle of its teeth, the profile displacement x - m and
through the gear width. The effect of the gear material on tool
wear must not be forgotten either. This large number of factors
affecting wear can be divided into two groups.
1. Values which from the geometry of the testh and the
cutter determine the length of the cutting ar¢ and the chip
thickness.
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2. Technological effects, such as cutting speed, cutting
material/ tool pairing, cutting adge geometry, use of cutting
oil etc.

Engagement conditions

Hoffmeister (6) distinguishes betwesen the cutter entering and
leaving sides, which are separated by the central tooth, and
between a profile generating zone and a precutting zone. The
central tooth is the cutter tooth which is situated in the axial
hob/gear crossing point. The central tooth lies in the centre of the
profile generating zone. The pre-cutting zone depends on the ex-
temal shape of the hob. This will be greater with cylindrical tools
than with tocls which have a tapered or round leading end.

To be able to calculate the length of the cutting arc and the chip
thickness, it was necessary to define the tool/workpiece penetra-
tion curve accurately.

In the tocl/workpiece penetration (7), fig. 11, the penetration
curve forms a cutting ellipse on the cylindrical generated surface
of the gear. The position of this ellipse depends on the crossing
angle of the two axes. In addition, the shape of the ellipse is de-
termined by the sizes of the hob and the gear.

The essential point for assessing the correct setting of the tool
on the hobbing machine is the projection of this cutting ellipse in
a plane which is parallel to the hobbing machine. If the designa-
tions given in fig. 12 are used, the formulae presented in fig. 13,
page 188, can be developed.
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With the help of these formulas a graphic drawing can be pro-
duced which makes it possible to assess the tool setting (fig. 14).

In the penetration ellipse we obtain a maximum valus for the
Y-axis. The projection of this value onto the cutter axis shows the
entering zone for conventional hobbking. If the curve is traced be-
yond Yma, Up 10 8 value Y = Ynax, feed per workpiece rotation, we
obtain a point on the curve from which the entering zone for climb
hobbing can be determined.

The projection of this curve location onto the cutter axis corre-
sponds to the cutter length for the entering zone on helical gears
when the tool and the gear have the same direction of lead. If a
tool with a tapered lead is brought into the consideration, know-
ledge of the penetration line is important particularly with large
gears.
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Fig. 15 shows how the appreach lengths become decidedly
shorter in the tool with tapered lead as compared with the cylin-
drical tool. It should here be pointed out that the angle and shaps
of the lead should alse be carefully matched to the conditions, to
prevent overioading the entering testh, because this would again
lsad to premature wear, Backed by the knowledge of the hob po-
sitioning on the hobbing machine the wear studies could now be
systematically carried out (fig.16, page 190).

In the wear measursmesnts one makes a distinction between the
tip wear, here identified by “Bx”, the wear of the outgoing cutter
flank called “Ba®, and the wear of the approaching flank called
“Bz". The outgoing cutter flank is the flank whose relative motion
is the same as that of the leaving gear flank. The approaching
tool flank is the cutter flank towards which the gear flank moves
during the generating motion. When comparing the results of the
wear measuremnents on the hob which had been used for climb
hobbing with the wear measurements on the hob which had been
used for convertional hobbing, the direction of rotation of the
gear blank and the direction of rotation of the cutter were kept the
same.

This means that when the wear curve is drawn, the central tocth
{called 0} lies in the wear diagram for climb hobbing on the
right-hand diagram side, whereas the central tooth for con-

Penetration curve for a hob with lead. Gear: medule 10, 405 teeth, helix angle 28°
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ventional hobbing is situated on the lefi-hand diagram side. It

can be seen from the diagram that in climb hebbing more testh
pariicipate in the entering cut than is the case with conventional
habbing. The stress on the tip cutting edges is with cenvention-
al hobbing only slightly greater than with climb miliing. This is
explained by the fact that fewer hob teeth are engaged in conven-
tional hobbing than in climb hobbing. The stress and therefors
the wear of the approaching cutter flank is highest with climb
milling. This is particularly the case in the entering cutter portion
with the greater cutting arc length.

The main stress in conventional hobbing is borne by the teeth of
the leaving cutter flank. Hers, relatively severs wear takes place
even in the profile forming zons. This is explained by the fact
that in conventional hobhing the greater cutting arc length still
prevails even in the profile forming zone.. In climb hobbing the
working range is therefore situated on the cutter entering sids, in
conventicnal hobbing on the leaving side.

The wear diagrams can also be interpreted as follows: In climb
hobbing the effective relief angle is smaller on the outer cutter
tooth flank than on the inner one, which is why the maximum
wear on the outer cutter tooth flank can be caused by the effect
of the smaller relief angle. This explanation is not valid for con-
ventional hobbing. Although flank wear also occurs on the outer
cutter tooth flank, the latter has the greater effective relief angle.
For this reason the effect of the relief angle cannot be the only
cause of the flank wear. To find a credible explanation for the ori-
gin of the flank wear, further studies were necessary.
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Chip geometry in hobbing

Sulzer (8) drew up a computation process which accurately de-
termines the geometry of the individual chip. For this purpose he
studied the chip formation in a number of cutting planes during
the passage of a cutter tooth. The computer now supplies for
each cutting plane numerical values which correspond to the chip
thickness formed. Thess values — shown diagramatically — pro-
duce honizantal lines for the cutting planes with the designations
1 to 6 (fig. 18). To gain an overall impression of the size rela-
tionships, the scale of the chip forming cross-sections is given
on the left-hand side of the diagram. The designations for the
cutting zones are situated underneath the base line. The section
AB corresponds to the entering cutter flank. Section BC corre-
sponds to the tooth tip width. Section CD comresponds to the
leaving cutter flank. When the values supplied by the computer
for the chip forming cross-sections are represented by the plot-
ter, we abtain a picture of the chip cross-sections on the cutting
planes. This plotter image provides a representation of the chip
cross-sections and the chip outline.

If this calculation of the chip cross-section (fig. 17) is carried out
with a representation for all meshing heb teeth, one obtains an
overview of the chip forming cross-sections and the chip forms
in hobbing {fig. 19, page 192). Furthermore cne can recognize the
stresses on the individual hob teeth and the varying load within
the tocth under observation.

When simulating the individual hobbing processes such as con-
ventional hebbing and climb hobbing and hobbing in the same
or in the opposite direction, the computer supplies different chip
forming cross-sections and forms. Hobbing in the same direction
means that the direction of start of the hob and the tooth lead of
the gear are unidirectional, i. 8. a cuiter with right-hand start ma-
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chines a gear with right-handed teeth and a cutier with left-hand
start machines a gear with left-handed thesth.

In the case of hobbing in the opposite direction a cutter with
right-hand start machines a gear with left-handed testh and a
cutter with left-hand start machines a gear with right-handed
teeth. This computational consideration of chip forming geometry
conifirmed what Thamer (1) had already found in his studies. Flank
wear takes place precisely at those transitions from tool tooth tip
to teol flank which are no longer actively participating in the metal
cufting process. He states: “In this case the tool cutting edgs
which just at this corner no longer removes a chip exhibits partic-
ularly large wear mark widths, which in turn makes it clear that no
direct connsction exists betwean chip thickness and tool wear.”

The plotter images producsd by Sulzer's method (9 and 10) con-
firm this assumption. Sulzer's studies covered mainly the wear
behaviour of carbide hobs. Instead of flank wear, he found micro-
chipping in this area. Using the scanning electron microscope,
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he studied the leaving flanks for chip traces and found pressure
welded depaosits on the flanks, He states: “The different direc-
tion of the cutting traces and of the streaks indicates that these
streaks are caused by the chips baing removed. They occur at
those points on the tooth flank which do not come into engage-
ment with the cutter tooth concerned, I.e. thare is generally a gap
between the cutting edge and this flank area.”

The collision betwsen chip and workpiece flank can bs explained
by the chip form and the chip flow. The cutting process com-
mences at the leaving flank near the cutter tooth tip. At this stage
it can still cur freely. After that the tip area of the cutter tooth
moves into engagement. Because of the complicated shape and
the tight space conditions in the tooth gap the chip can no longer
curl freely. It is at the end pushed by the entering flank. beyond
the cutting face to the other weorkpiece flank, where it is welded
on. As a result of the cutting motion of the cutter tooth the pres-
sure welds are separated, but are formed afresh by the flowing
chip. In addition, a workpiece rotation takes place during the
cutting motion. This means that the workpiece flank moves away
from the leaving tool flank. It is this relative speed at which the
chip is pushed from the cutting face over the cutting edge. This
produces tensile forces on the cutting edge which can in the case
of carbide lead to chipping. When machining with high-speed
steel, squeezing forces oceur at this point which produce the
greater free flank abrasion. This phenomenon also occurs with
hobbing in the opposite direction, but not to such an extent.

It is therefore easy to regard hobbing in the opposite direction as
a cure-all for flank wear. With hobbing in the opposite direction
the circumferential force acts in the direction of rotation of the
table. Since this circumferential force favours the flank clearance
between the worm and the indexing worm wheel, it creates a dis-
turbance in the indexing gear unit with the segment engagement
frequency. This results in chatter markings on the gear flanks and
vibration throughout the gear train. It is feasible that flank wear
could be reduced by alternate cutting of the tip flanks. Long-term
tests in this field have not yet been completed, so that no definite
statement can as yet be made about the success of this measure.
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HTrRERmINA
TR RTHTASE SR RIS R MmE &N HE,
BHIMT

AMFsEnISN

MESGNERSESTHENR, Ehf208, EX2WV,
DIN397245%, RE TR &3 KB it fTH S8R
THEFETYE, EREE4T, IETRSAATETFEEE KD
FEaEMIEE, (Am>1000N/mm2) . FEHREREYR
HENANEREREEENT, EXERAIBPIV, B4
DIN3972{5E. HEBBTHREEZAEREMERELTIR,

Bk

ERAERASWHABTUAARE ITROMIEE. YRMT
BESARTIEEBHAENRME. BATEHRIEBETT
K. METEREE.

MFRMNIKA
BHZERTHERARERIPESHNER; TUESHE
BEFH9, H4E5DIN3G62 / 68iRME,

RIZEEARAERRMRANRIEHR(BEEIEENHER
B EgER), BEAMTRIREINT,

&t

T %5 4 71 R BLSE B e - 5D I T B o T Rk B R4 o
BB LN E A T— RS e HEE,
AHENFTUENRR. —MAEE—x. HE7DER
TREEFMEORTEEAMSNREE. RAERK ERHirh
EE RSN ERREN.
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Involute gear cutter

with carbide indexable inserts

For roughing and finish-milling of internal and external straight
spur gears, and for worm thread and rack cutting

Involute roughing hob

With tangentially arranged carbide indexable inserts, pressure
angle 20°, basic profile [V to DIN 3872.These tools permit an eco-
nomical production process for the roughing of large gears.
Under certain conditions, they offer considerable advantages for
the roughing of high-strength gear materials (R, > 1000 N/mm?).
The tooth gaps are roughed trapezoidally with straight-sided
flanks. The basic tool profile corresponds to BP IV according to
DIN 3872. Cther profiles can be supplied as non-standard ver-
sions upon request.

Requirements

The user of carbide cutting materials enables considerabie in-
creases in performance to be achieved. A powerful and sufficient-
ly rigid machine is however essential. Milling using the plunge
process must also be possible. Preference should be given to
climb milling.

Involute finishing hob

This method can be employed where medium quality require-
ments are placed upon the gear quality; quality grade 9 to DIN
3962/68 can be attained.

This process is often employed for the manufacture of ball bear-
ing slewing rims (control gear for jib cranes), and for the profiling
of external and internal gears.

Design features

Continuous indexable cutting inserts edges enable the entire
profile height to be finish-milled. Problematic transitions are
thus preventad from leading to banding.

The indexable inserts can be indexed twice. The cutting edge
form is determined by the tooth gap profile specified by the
customer. It is dependent o a large degree upon the number
aof gear teeth and the profile displacement factor.
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o

Recommended values for the power requirement
for involute roughing:

RBm = #isriBE (N/mm?)
Tensile strength (N/mm2)
Ve = 4HlEE (m/min)
Cutting speed {m/min}
hmy = FHPREE (mm), & ~0,1 mm
Mean tip chip thickness (mm), Value = 0.1 mm

z = TIEw R
Number of gashes /2
fz = 7154 & (mm)
Tooth feed (mmy)
a = B R (mm) (WHIBEE )

Radial feed {mm) (cutting depth)
D = RN
Tool diameter
vi = E&%E (mm/min)
Feed (mm/min)
Qspaz. = BT (cm3 min + kW)
(RERPHE)
Power fagtor (cm® min « kW)
(Value taken from table)

Lt
Material
FEEEARA
Unalloyed structural steel
B i fTRl
Free cutting stesl
o]
Structural stael
fAREE, hEE
Heat-treatable steal, medium strength
%
Gast steel
BREH
Casse hardening steel
AER, %EE, DRHE
Stainless steel, ferritic, martensitic
RAGEH, B
Heat-treatable steel, high-strength
BEAEWN, RaE
Nitriding steel, heat-treated
IEH
Tool stesl
FEW, BEE
| Stainless steel, austenitic
poAmE-
Grey cast iron
& kO
Alioyed grey cast iron
REBHH
Nodular cast iron

A B i

Malleable cast iron

~a
LMT-FETTE
W’

BFARERTFERERENEA:
Formula applicable for full profile depth;

P =:3.1'él~Mod.2-w
= 1000 - Qupez.

vi=f,-n-2z

fym Sl

%

1500
1400
1300
‘E 1200 -
5 100 — M=10
‘E 1000+ M=14
= 800 — M=18
M=20
ALl M=22
700
600
500 + + + +
180170160 150 140 130120 190 100 80 8D 70
V; (m/min)
;AR F
R, /UTS Power factor
{N/mm?) | Qpez. cm®/min - kKW
- 700 22 - 24
- 700 22
500 - 900 18 - 20
500 — 950 18 - 20
- 9850 ' 18-20
- 950 ! 18-20
500 — 950 16-18
850 — 1400 13-18
850 — 1400 13-18
950 — 1400 13-18
500 — 950 18 -20
100 - 400 (120-800 HB) 28 - 35
150 - 250 (180230 HB) 22
400 - BOO (120-310 HB) 24
350 - 700 (150-280 HB) ' 24
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DIN number index LMT- FETTE
DIN&HME mx DINiF & X
DIN number Page DIN number Page
| 138 |17, 33, 85, 95, 111 | 5481 57,131, 132
867 | 114, 116, 120 | 5482 56
| 1968 17, 83, 895 | 58 400 114
3962 6, 20, 110, 194 58 412 117, 120, 121
| 3967 110 158 413 106
3968 5, 6, 14, 17, 35, 37, 40, 83, 103, 108, | 8OO0 5
. 108, 110, 164, 165, 166, 170, 171, 194 | 8150 127
3968 A 20, 21, 24, 25, 53, 54, 55, 56, 57, 174 8184 128
3968 AA 42, 43, 62, 63 8187 52,127
| 3868 B/C 24 | 8188 52,127
| 3972 17, 83, 95, 117 181986 52,127
| 38972 BP | 65,118, 124 | 8197 127
| 3972 BP Il 20, 21, 65,119, 124 | AGMA 17, 83, 95
| 3972 BP Il 24,119, 124 |AGMA 201-02 117, 83, 85, 122, 123
| 3972 BP IV 96, 119, 124, 194 Bs 17,83, 95
3975 70,75 BS 2082 17, 83, 95, 122
| 5294 1SO 54 | 180 53 17, 83, 95, 114, 116
5480 17, 85, 83, 95, 132 N 132 17
EiERtie
Pictogram overview
At LERY
Cutting materials Geometry
oo EREE fotss) &SN og ENm2 (| sk
\blde) Carbide _-E.) Cobalt alloyed high spesd steal ! Pressure angle 20° \__" " Singla-start right-handad
soid] HUARBIAS Spond] I (| EIrsizos ) xR
\Carbids] Solid Carbide c‘“ SpeedCere <d| Pressure angle 30° ) Single-start left-handed
s | BHKEES | Eiss | %
"M | High speed stesl PM |} Rake positive \_"" ") Right-handed
\»\I e ( |_|.| bad.
Rake negative Left-handed
RE ﬂ o
Coating Chipbreaker
rALz’.‘
\Plus |
Ausfiihrung
Verslon
R (5| R R CSD BT
Standards \==) Keyway and drive slot | Femals rotor
(DN = Gt
|36EA| ‘g Keyway -,f Segment
D'N f DN T N [ T W g (- "
CREEIENENERERE e = fbd @z
f 1| SR |
J Driva slot ) Keyway
EHuRE \ar AR hallal]
Baslc proflle Scraw pump |mmed| Rollef turned
o T et 55
%'-_71' [* Male rotor \promd] Raligf ground
& & & 5
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LMT China Co., Ltd.
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9 Lanzhi Road, Jiangning Development Zone,
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HiE : 025-52128866

{EH : 025-52106376

Email : info.cn@Imt-tools.com
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LMT Shanghai Office
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Tel: 021-62959800

Fax: 021-62959855
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Tel: 010-84801475

Fax: 010-84801474

LMT Shenyang Office
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Tel: D24-25635818

Fax: 024-25635245
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LMT Wuhan Office
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