
The Effect of Reverse Hobbing
at a High Speed

Abstract
It is commonly believed that for helical

gears. the hob thread must run in the same
direction as the gears and that the best cut-
'ting method for such gears is the climb cut.
But in the authors' opinion, conventional hob-
bing, using a hob wilh its helix running in the
direction opposite the gear, is more effective
for the high-speed manufacture of cornpara-
ltive]y small module gears for automobiles. In
this article the authors will prove experimen-
tally and theoretically that
reverse hob bing is very
effective [or improv-
ing both the life of
hobs and cutting
precision when
performing high-
speed, high-
fficiency

hobbing.
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Intr£ld.uction
Today it is common practice when

climb hobbing to keep the direction of
the hob thread the same as that of the
helical gear. The same generalization
holds true for the mass production of
gears Ior automobiles. It is the authors'
opinion, however, that conventional
hobbing with a reverse-handed hob is
more effective for the high-speed manu-
facture of comparatively small module
gears for automobiles. The authors have
proven both experimentall.yand theoret-
ically that reverse-handed conventional
hobbing, using a multi-thread hob with
a smaller diameter is very effective for
lengthening the life of the hob and for in-
creasing rutting efficiency at high speeds.

Cutting function £If H£lb Teeth
Pig. 1(a) shows the same-handed climb

hobbing commonly used for cutting
helical gears, Fig. l(b) shows reverse-
handed hobbing using a hob set opposite
to a helical gear. Cutting edges on the
generating center are identified as Nos.
0, 1,. 2, etc. in the direction of roughing.

Fig. 2 shows the profile of cutting chips
theoretically calculated'" and the func-
tion of each top cutting edge when the
direction of the feed and 'the thread are
varied. Black areas are chips numb red
by every two cutting edges .. Note that
when reverse-handed, conventional hob-
bing is used, the entrance angle of every
cutting edge is larger, and the thickness
of the chips is reduced by half. (See
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Fig. J - Entrance Angle 8 of the cutting edge

Fig. '1 - The progress of the maximum relief wear (in case of a, slngle-thre d
non-coated hob)
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(a) Same (b) Reverse (c) Reverse
handed handed handed
climb conv. climb

Cd) Same
handed
conv.

Hob:m-3.PA20·,IRH.D-90mm.N-14,M4]
Gear:HA15·,7."40,b~SOmm.SCM415.140BHN
Cu t t ing condit ion! V-120m/min, f-5mm/Tev. t-l0 .4m

naturally, extraordinary wear at the cor-
ner of the cutting edge is very lirnited.(3)
In other words, the life of the hob is
greatly extended ..

Fig. 3.) Moreover, a conventionally
hobbed chip is long and thick. When the
entrance angle is smaller, wear is in-
creased, and the cutting edge is easily
chipped because the cutting edge barely
cuts in and tends to slip. When a chip
is thick and short, the deepest crater wear
is distant from t:he cutting edge. Then the
edge is hardly broken because the
temperature rises more siowly!Z) and,

Da_mageto a Cutting Tooth
Fig. 4 shows the maximum relief wear

after hobbing gears of SCM 415 case-
carburlzing steel for automobiles, using
a cutting speed of 120m/min. and a feed

fig. S-Comparisol'l of the crater wear

of 3 mm/rev, withouta hob shift. As
shown in the table ,the life of a hob is
the longest when reverse-handed conven-
tional hobbing has been used.

Fig. S shows the crater wear after five
gears (cuRing length "=10m)' were cut.
The amount oEcrater wear is least in the
case of reverse-handed conventional
hobbing because the temperature of a
cutting edge rises more slowly when Ithis
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method is used and extraordinary wear
does not occur, From these figures, it can
be seen that reverse-handed conventional
hobbing is the most suitable method for
use at high speeds,

Fig. 6 shows a comparison of the max-
imum relief wear after same-handed
climb hobbing and after reverse-handed
conventional hobbing at a cutting speed
of 130m/min. and a feed of 5mm/rev.,
using a TiN-coated hob. (PVD method.)
The life of a TiN-coated hob is greatly
lengthened by the use of the reverse-
handed conventional method because
crater wear is 50 much less.

Fig. 7 shows the damage to each hob
after gears with a cutting length, 1=12m
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Hob :m=), 1'/\20· ,I RH.D=Ll.Dmm, N=12 .~134(+T iN)
Gear: BA30" ,Z=SU, h=5Umm,SCM415 ,lbllBHN
Cutting condiLinn:V=130m/min.f=5mm/r<'v.

Fig. 6 - The progress of the maximum relief wear (in the case of a single-thread TiN-coated hob)
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Hob :m=) .PA20" ,3RH,.D=llOmm, N=12 ,M34. Non+con t cd (;,'i1X :HI\30° , Z=57 •b~60mm. SCM415(AISI 4118) ,140BHN
Cutting condition:V=130m/ndn,f=~mm/rev., Hobb ing machine:KS-14 Cutting oil:0aphne cut RS-4~1

Fig. '7- The relief wear and shape of chips in various hobbing methods (in the case of a triple-thread hob)
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had been cut at a speed of 130m/min.
and a feed of Smm/rev. using a triple-
thread hob. Fig. 7(a) shows the damage
to a hob alter the same-handed climb
hobbing method was used. The graph
and photo at the top of the figure show
the maximum. :relief wear on each right
and left comer ..The figures below show
the cutting load(4) theoretically calcu-
lated at the right and left comers, and the
shape of the chips that come out from
the right and left comers.(SI

Fig.. 7(b) shows the amount of relief
wear after reverse-handed conventional
hobbing. The entrance angle of the cut-
ting chips at the right and left comers
(See Fig. 4.) is larger in comparison to
Fig. 7(a). As cutting speed increases, the
amount of wear decreases .. The cutting
load to each blade also decreases as the
number of cutting blades increases.

Fig. 7(c) shows the results of reverse-
handed climb hobbing, and Fig. 7(d)
shows the results of same-handed con-
ventional hobbing, As the figures show,
there is a great difference between the
cutting load of the right and left corners,
and the amount of damage is greater
than Fig. 7(b).

Fig.S shows the comparison of the
maximum relief wear after hobbing at a
high speed and feed with a. triple-
threaded hob. The amount of damage is
inlluenced by the cutting method, and it
is more evident when triple-threaded
hobs are used.

from these figures, :it can be seen that
the reverse-handed conventional bobbing
method with a multi-threaded hob at a
high speed and feed is indispensable for
improving cutting efficiency.

Answer to HJgher Efficiency
Influence of a large feed. When using

a multi-threaded hob, it is important to
perform at high speed and with a large
feed to increase cutting efficiency ..Fig. (}
shows 2-.,3-, 4-, and 5-thread hobs for
this experiment. All hob dimensions are
the same.

Fig..10 shows the maximum relief wear
after same-handed conventional hobbing
and reverse-handed conventional hob-
bing at various amount of feed with a
double-threaded hob. In the case of
same-handed climb hobbing, the hob life
can be lengthened when the amount of
feed is less. In the case of reverse-handed
conventional hobbing. the hob life can

(d) Same-handed
• cony. hobbing
I 6(a) Same-handed

" .I climb hobbing
!'J /

/ I •(c) Reverae-

.1 / ."./' handed climb
,... __ ." hobbing

/
/.6"" __.- -...--.

o 1· ..... _.----w- '--'--1h) Reverse-. I'~-- .-....-- handed cony.
~.----- hobbing
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Cutting length: 1 111

Hob:m-3,PA20o,3RH,D-IIOmm,N-12,H34
Gear:RA30°,Z-S7,b-6Omm,SCH415,140BHN
Cutting condition: V-130m/min ,f-Smmirev.

Fig. 8- The progress of the maximum relief wear (in case of a triple-thread non-coated hob)

Fig.. 9 - Multi-thread hobs with small diameter
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Cutting length: i m
Hob:mz2,PA20o.2RH,O-90mm.N-12,H35
Gear:RA30·,Z-S3,b-33mm,SCH415.140BHN
Cutting cond1tion:V-106m/min,f-3&bmm/rev.

Fig, IO-lnfluence of hob feed (in the case of a 2-lhread hob)
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:::utting eond I t ion,:V"106m/min "f-3!ll!ll/rev,,,
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0.0 II Blade No.n Blade No.16

Hob :m.. 2 ,PA20· ,4RH,N-12 ,D-90!!ll!l,.MJ5+TIN Unit:rnm
Gear :HA30" ,Z=77 ,b--33!!1l!1,SCM415 ,,140BHN
Cutting cond iHon: V-106m/min .f=3mm/x,ev. ,t=161m

go"

(b) Reverse-handed
conv. hobbing

100 150 20050
Cuttinp: lenl'\th: m

~o. ../
(a) Same-handed

climb hobbing

~O.
:E

ISO 200100
Cutting Leng t h r m

Hob:m"2,PA20·,4RH & SRH,D-90lll!ll.N=1.2.M35
Gear:HA30·.Z-77.b-33mm,SCM415,140BHN
Cutting cond Lt ion::VzlO6m/min ,f=) (, .2.4mmlrev.

be lengthened when the amount of feed
is greater. Thenfore revene-handed
conventional hobbinc illUItable for in-
creasing hobbins ef8dency.

A multi-thrMded hob Pia. 11 com-
pares the maximum relief wear after
I8me-handed climb hobbq n reverse-
handed conventional hobbtna under the
same cutting conditions when the num-
ber of threads varia Pia U shows the
crater wear (contour ~ of a four-
thread hob.

Under the same cutI:ins conditions. the
hob life is shortened in ame-handed
dbnb hobbins as the number of hob
threads inaeasea. ne life of the hob is
dramatically increaMd when reveree-
handed conventional hobbJnaii uaed and
the number of hob threadt 1naeaIed.

Fig. 13shows the e&ect of the reverse-
handed conventional hobbins with
4-thread and 5-tlwad bobs that are TIN-
coated. The life of a multI-thruded and
TiN~oated hob is anatJy IDaeaIed and
the amount of wear .-ttY c:Iecreued
when reverse-hnclecl L'IOmIIltfoMl b0b-
bing is used.

Smaller tlitmtBn hob. PIs. ushows
the life of a Iarpr diamettl' multi-
threaded hob and a smaller diameter
multi-threaded/11N-caated hob used for
cutting dfffenntial driw ring pars in
automobiles. If we IUppCtIt that a hob
is retbarpened when the maximum reUef
wear is O.3mm the cattma length be-
comes about am (115 pes.) without
hob sbiftina. Many .... am be pr0-
duced before reabarpenina because a hob
can be shifted.

Hobbiaa 01 HeIIal • Pro8le
SNWCaII

Recently ~ pan have
been profUe-shifted. In the cue of high
speed hobbing of profile Ihifted pan
addendum modifJcatfoft lfI8I:ly in-
fluenced hob wear IIII1I-hImded climb
hobbing. Faa:.15 thowI the prosress of
hob wear after IIIn with
various addeoIfsaa WIle

cut at high speed. pniBa for
both reversH!Id .......,..." conven-
tional cuttins are Ja the cue of
revene-handed conveotkmlll bobbing,
addendum modJ8cation .. little in-
8uence on bah wean the
reverse-handed c:oaveattoDaI hobblna
method is IUItabIe for pa8JHhifted
pars.
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G a r :HA1S· ,Z-40 ,b-5Omm. SCM415 ,,140BHN
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CattIna PrecisIon
Fig. 16 shows the tooth profile errors

and lead erron of helic:al gears cut by a
sin&Ie-thrud hob. The cutting conditions
are the same u in Fis. 4. The cutting
Pftdsion of the revene-handed, conven-
tionally bobbed ..,. is better than that
of the same-haded, climb hobbed ones.

Fig. 11showa the lead error of helical
sean with 5 _ 10depee helix angles,
when both same-hIncIed dimb bobbins
and comoemionaI ~
biDs haft ~ (In bath cases, the
pan.. 01~ Iteel
SOd 4151HB1.6O far aalmiiUlbiJa.)

( ')S me-handed
cLdmb hobbing
HA 5° - HA

, R ~

Same-handed
climb
(HAlO·)

LJ1R
cony.

HA S"

- -

Hob :m-J"PA200 ,.lRH. D-IOOm!!!,N-14 ,toilS
Gear:Z-30.b-SOmm,SCM415,160BHN
Cutt ing condi tion :v-aOm/min ,f-3mmfrev.



Adhesion under' hobblflg
Hob':.-] .,,,20· tiM ~D-H,i/,.am"N-llo ,11)S
Gu.,HA)" ,Z-)D ,b-So.,SOl'15 .lb08HN
Cut tiD.R condit ion, :y-80./.10. r·JflIIA/ rev. Ie! 1mb

Fla. 18-The adhesion of each cutting edge

Fig. 18 shows the adhesion of each cut-
ting edge in the gear with a helix angle
of 5 degrees. This adhesion on each cut-
ting edge makes the lead error and the
tooth profile error worse in the case of
the same-handed climb hobbed gear. On
the other hand, Iittle adhesion comes out
in the case of the reverse-handed, con-
ventionally hobbed gear or one with a
large helix angle.

Fig. 19 shows the lead error of a helical
gear cut by a 30 degee reverse-handed
conventional hob with multi-threads and
small diameter and TiN coating. When
the number of hob threads and the gear
helix angle increases, the hob setting
angle becomes larger, and the component
of the cutting force occurs in the direc-
tion of the table rotation of the hobbing
machine. (See Fig. 20.) While the top of
the hob blade is working, the cutting
force is strong enough to accelerate the
table, and while it is not working, the
cutting force is not strong enough.

Naturally, lead error comes out at the
end of hobbing. Therefore, it is necessary
to eliminate the torsion. backlash and
relative displacement of transmission
system from a hob to a table and to
eliminate the backlash of master worm
gears.

Ag. 19- Lead error after reverse-handed con-
ventional hobbing with multi-thread hob

HUb :m-1. PAlO· .b-I!I 7!!!!!1!!, N-10 ,H)Ji +Tnl
of".cllt':;HA]O· • it- 5111.h-6a.., SCMII.:l:O,l60IJltlI
C\..tt 11'1Jtcondl [(on:II.8s./ad n, '-./rev.

P!l;'lI'l!'rl!!-- n.lnd~ C~H'\v ,
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Fig. 20 - Component of a
cutting force and the direc-
lion of gear rotation
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Fig. 21 - Influence of hob feed
after the reverse-handed con-

ventional hobbing with triple-
thread hob
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machinepopular nobbing
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Fig. 23- Carbide hobbing machine with additional motor



Fig. U shows the lead error of gears
reverse-handed and conventionally
hobbed with a triple-threaded hob using
an ordinary hobbing machine. The lead
error becomes larger as theeutting Foree
of the hob increases.

Fig. 22 shows the comparison o.f lead
errors occurring when a gear is reverse-
handed and conventional~y nabbed on a
ordinary hobbing machine with those
taking place when a gear is hobbed with
additional rotation to the master worm
axis to eliminate the 'torsion, backlash
and relative displacement of a table driv-
ing system on a direct-drive hobbing
machine, as shown in Fig. 23.(61 Figs ..24
and 25 show the improvements of lead
error on an ordinary hob bing machine.

As a countermeasure, it is important
to prepare the direct drive hobbing
machine with high rigidity when helical
gears witha large helix angle are reverse-
handed and conventionally hobbed at
high speeds and feeds, using a multi-
thread hob.

Conclusion
The authors have proven both ex-

perimentally and theoretically that the
reverse-handed conventional hobbing is
more effective than same-handed climb
hobbing when cutting comparatively
small module mass-production gears at
high speed and ,efficiency .. But it is also
important to reduce the torsion,
backlash, and relative displacement of
the driv:ing system Ior generating motion,
such as master worm gears, on a direct-
drive hobbing machine. It is further
recommended that reverse-handed hob-

(continued on page 46)

[g. 24= lmprovement of lead error on an ordinary hob-
Ing machine
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Fig ..2.5 - Improvement of lead error on an ordinary hobbing machine

Forest City Gear tsaturea the most modern gear cutting facUity
available to you in tihe worl'd. We specialize iin hobbing and
shaping ultra preclsionqeara in lo~ medium and high volume.
We also offer crown hobbing on the' latest auto~~loading
hobbing machines.

The next time you need precision gears, come to The Source.
Forest City Gear, 11715 Main st, p.o. Box 80, Roscoe,lt 610.73.
(815) 623-21;68
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Fig. ]2

times are only effective if the machine is
available for production; i.e., downtimes
are at a minimum.

Minimum downtimes are maintained
through a highly reliable machine and
control system and the use o.f an
operator-friendly diagnostic system.
which assists in the maintenance of the
machine. A modern CNC hobbing
machine is equipped with a sophisticated
diagnostic system, (Fig. 12) allowing ap-
proximately 80% of all maintenance to
be carried out in-house.

Through the use of a modem and. a
normal telephone system, remote diag-
nosis oJ faults by a machine tool manu-
facturer can be of great assistance in
trouble shooting.

Cost per piece (Fig. 13)
CNC techniques allow economical

small batch production. A reduction in
both cycle and set-up times makes CNC
economically superior to the conven-
tional machine, despite the higher invest-
ment involved.

Obviously, savings are larger with
small batches, but with medium sized
batches advantages are still shown.

In the above calculations, savings are
achieved by means of the shorter
throughput of a batch, because of com-
bined operations and better tool utiliza-
tion due to the ability to use partially
used tools on subsequent batches.
Another saving can b achieved through
the ability to program any required COf-
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rection to allow for subsequent sha,ving
or heat treatment without added time,
making shaving less expensive. In addi-
tion, with CNC machines, batch sizes
.and , thus, capital costs can be reduced.

The consequences of these considera-
tions give the base for a model gear

Part cost
'40 r---~---'--'---r-...,

2.

"m'"lii 3.<l

S
0

20 50 100 200
Balen le"li

BaSIC data OP - 5. n - 57. gear Width M 1115jJ -15'"

Fig. IJ

cutting center. It shows what can be
realized today: a six axisfuU CNC hob-
bing machine serviced by a six axis CNC
gantry automatic loader and a system
designed for batch sizes of 1-200 in an
unmanned three-shift operation.
Economic jlustifkation has to be carried
cut indi.vidually, but in this example,
calculations show that with 60 different
parts and fcW' machine changeovers per
shift, this system can be justified.

ACknowledgement; This paper was presented at the
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THE EFFECT OF
REVERSE HOBBING .
(continued from page 15)

bing with multi-threaded (4-, 5-threadsl,
small diameter and TiN coated hobs be
used for the low cost production of
helical gears. Thus high speed steel hobs
will be able to stand against severe cut-
ting conditions such as cutting speeds of
100m/m and hob feed rates of 4-6
mm/rev .
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