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YOU INSPECT YOUR GEARS TO MAKE SURE YOURE PRO-
DUCING THE BEST PRODUCT YOU POSSIBLY CAN. SHOULD
YOU DETECT A PROBLEM, THIS CHECKLIST WILL HELP YOU
QUICKLY DETERMINE THE SOURCE.

n the June 2005 issue of Gear Solutions
we presented an article titled “An

Elementary Guide to Gear Inspection,”

which was followed by “A New Standard
in Gear Inspection” in October. Then, in the
February 2006 issue, “Guarding Against
Gearing Deviations” was published. These
articles can be downloaded from the mag-
azine’s Web site [www.gearsolutionsonline.
com]. In this article we will focus on the
practical side of gear inspection; in particu-
lar, what you should do when you measure

certain errors during the hobbing process.




oize Variation

During gear hobbing the size of a gear is measured throughout the
production run as a process control by the operator. As shown in
Figure 1, this measurement is normally done using balls or pins of
a specified diameter to contact the gear tooth profile at the pitch
diameter. For larger gears a span measurement over several gear
teeth will be done.

If excessive size change occurs during production, check the follow-
ing items:

Figure 1: Measurement over pins >

1) Size changes from a “cold” morning startup to normal operating
temperature. The machine system may be thermally unstable.
Record the size change over time versus temperature of the
machine and/or cutting fluid. A “warm up” period may be required
for your particular machine. Also, certain gear machines have
thermal sensor(s) for automatic adjustment of the machine size,

Gomposite Inspection Error

During gear hobbing a composite inspection is normally conducted
throughout the production run as a process control by the operator.
This is accomplished on a simple rolling machine using a master gear
with the product gear.

master gear product gear view Z (enlarged)

Figure 3: Schematic of gear rolli;ig process )

and this system may have failed.

2) Size changes during hob shifting. Check that the cutter has been

properly sharpened without gash lead error. Due to the cam relief
in a hob, any gash lead error will create a conical shaped hob.
This will cause a size change in the part as the hob is shifted from
one end to the other. The gash lead error will be approximately
2.5 times the taper error. Measuring the outside diameter of the
hob at several points across the face is a quick way to determine
if gash lead error is present.

T

Wa >

3) Size changes from part to part. On a mechanical hobbing machine

this can be caused by an error in the positive stop for center
distance. With a long travel indicator measure the actual center
distance from piece to piece and look for variation. Another cause
of this problem could be a hob slide that is normally clamped after
hob shifting that has failed to clamp.

Composite error will occur as two conditions. First as a tooth-
to-tooth error, and second as a once per revolution error of the
test gear. The once per revolution error is commonly known as
TCE, Total Composite Error, and is defined by the AGMA as the
Radial Composite Variation.

@aﬂﬂm’ record from wmp;ﬁte inspection )

continued on page 38 >




Composite Error condition #1: Large fi” and

Uniform Tooth-to-Tooth Errors

1) The large fi” is typically a dirty condition or a
nick on a gear tooth. Nicks are normally caused
by material handling problems. Adding a tip
chamfer to the design of the gear tooth profile,
and hob, will reduce this type of damage.

Maximum value
of fi"
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2) A uniform but excessive tooth-to-tooth error
that repeats each 360°/Z (where z is the num-
ber of teeth in the part) is typically caused by
the cutting tool and involute error.

a) The hob has not been mounted correctly, or
the hob arbor is damaged.

CFigwe 5 ity o ke tooth on goar > l,-wﬂ_

b) The hob has been sharpened incorrectly.
c¢) Poor quality hob.

d) The hob was shifted beyond its useful face width and is no longer generating
the involute correctly. This may occur on one flank and will thus indicate an
error in one direction of rotation.

3) Tooth-to-Tooth error can be caused by the hobbing machine.

a) The hob spindle has axial and/or radial runout.

b) End support for the hob arbor is damaged or worn.

¢) Improper installation of index change gears on a mechanical hobbing
machine.

Composite Condition #2: Non Uniform Tooth-to-Tooth Errors

1) The hob is worn.

2) The hobbing machine work spindle index drive system is damaged, worn, or
has excessive backlash.

3) The index change gears are damaged or installed improperly on a mechanical

hobbing machine.

Composite Condition #3: Excessive Once per Revolution Error, Fi”
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« Economical
alternative to
custom gears

= Sizes up to
16 inches

* Engineering
assistance
available

« Easily modified

stock spiral bevel gears
L on every day...
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1) The work piece blank has radial run-
out or the blank has face wobble,
resulting in excessive axial runout.

2) The work piece mounting fixture has
radial or axial runout.

3) The gear teeth have excessive lead
variation.

4) The hobbing machine work spindle
or index drive system is worn or has

runout.

= Precision stock
gears 0-9to Q-13

« Carburized,

hardened and
- matched in
. sets

Composite Condition #4: Once per

Revolution Non Uniform Error

1) The index change gears are damaged
or installed improperly on a mechani-
cal hobbing machine.

2) The hobbing machine work spindle
or index drive system is worn or has

runout.

* Ground tooth
sets available

As dependable as the sun, Arrow Gear's extensive line of stock gears
offers a high quality, cost effective solution for your application. For
more information visit www.arrowgear.com.

2301 Curtiss Street
Downers Grove, IL 60515
630-969-7640
www.arrowgear.com
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Profile Inspection Error

The following examples show the different types of profile errors that Positive Rake Flute Radial Flute
After Sharpening Before Sharpening
o

. o Ci 1 Profil
can occur, with an explanation of the probable cause. e
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Correct Gear 003 Approx:

Tooth Form

Profile
+

Resulting Gear
Tooth Form
(Plus Tip)

@ Profile inspection with negétive tip tooth» @ sharpened with pc;sitive rake )

1) Incorrect hob sharpening. The hob has been sharpened with 2) Incorrect swivel angle setting on the hobbing machine.
positive rake error making the hob tooth larger toward the outside  3) Bad hob.
diameter and the gear tooth smaller.

continued on page 40 >
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1) Incorrect hob sharpening. The hob has been
sharpened with negative rake error, making
the hob tooth smaller toward the outside

CNC Gear Anuwsis diameter with gear tooth larger. This is the

opposite of the condition shown in Figure 8.

2) Incorrect swivel angle setting on the hobbing

machine.
T 3) Bad hob.
CNC OD/ID 6rinding
CNC Gear Cutting :
CNC Turning www.gearmanufacturing.com %
CNC Milling ’_,_’
S Wi EDa Phone 800-773-GEAR Fax 714-792-2870 =l
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Figure 10: Profile inspection with leaning teeth )

1) Incorrect hob sharpening. A hob sharpened
with gash lead error will cause both a leaning
profile and size change as the hob is shifted.
See Figure 2.

2) Loose hob head swivel on the hobbing
machine.

Location: Saskatoon, Saskatchewan, Canada

Position Description: - Requires an individual with a
proven track record in managing including planning, perfor-
mance management, time management and basic financial
management to run 100+ person company. Will have 7 di-
rect reports and will interact with top management. Must be
able to lead and effectively manage a major machining op-
eration, using LEAN or C.L/T. Qm principles and processes
to optimize work flow, productions scheduling, and effective
coordination between different departments.
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Figure 11: Profile inspection with uniform wave )

1) Hob had runout when mounted. The hob run-
out can be caused by a bad cutter, damaged
arbor, or dirty mounting conditions.

2) Incorrect hob sharpening. The hob was

sharpened with runout during the mounting

on the sharpening machine or sharpening

Educational Requirements: Engineer Degree

Additional Information: The successful applicant can expect to work in a world
class manufacturing facility complete with fitness centre, benefits package, retire-
ment plan, and a wage commensurate with abilities.

Remuneration - up to $110 K depending on experience.

Please submit resumes to Standard Machine

Shirley Hagarty, Human Resource Manager

email - shagarty@hamiltongear.com or fax to 306-249-9484
Website address - www.hamiltongear.com
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arbor. Extreme gash to gash spacing error on the

3) Roltz)-ose or worn hob arbor end support on the hob- “ellx "E\"ﬂllllll Inspen[mn [rrnr
bing machine. Helix error can be caused by the gear blank, the fixture,

the machine setup, and machine damage or misalign-
ment. The following examples show the different types
of helix errors that can occur, with an explanation of
the probable cause.

4) Excessive backlash in the hob spindle system on
the hobbing machine.

5) Excessive backlash in the work spindle system on
the hobbing machine.
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@ Profile inspection with no;-uniform wave )

1) A loose or worn hob arbor end support on the hob-
bing machine.

2) Excessive backlash in the hob spindle system on
the hobbing machine.

3) Excessive backlash in the work spindle system on
the hobbing machine.

4) Hobbing machine system in poor overall condition.

Figure 13: Helix inspection w;th wobble )

1) Part blank bore not perpendicular to the face of
the blank.

2) Part blank faces not parallel.

3) Fixture not accurate, or misaligned.

4) Tailstock misaligned, or center loose or damaged
on the hobbing machine.

5) Inspection arbor problem.

6) Worm spindle bearing problem on the hobbing

machine.

e | A S Top

4 é"‘ v 4: 1

—r —p 1 .. B
f RHbE

o il o

w |11€ ] i @

So0: 419 g P21 e 500: 4)9
1 bl

10-[ é' ’ 1u-|

Figure 14: Helix inspection l;l;fh taper ) Figure 15: Helix inspection with angular error )

1) Tailstock misaligned on the hobbing machine.
2) Hobbing machine misaligned.

Tailstock misaligned on the hobbing machine.

Hobbing machine misaligned.

Incorrect differential change gears or helix value (CNC).
Loose or work hob arbor end support on the hobbing
machine.

5) Incorrect helix checking machine settings.

1
2
3
4
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continued on page 42 >
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Figure 16: Helix inspection with breakout error )

1) Tailstock loose or worn.

2) Part slipped in the fixture.

3) Fixture not clamped properly.

4) Hob arbor end support improperly installed or worn on
the hobbing machine.

5) Hob saddle gibs out of adjustment.

6) Backlash in the cutter spindle drive system on the hob-
bing machine.

7) Backlash in the work spindle drive system on the hob-
bing machine.

Do you have people who are new to GEARS?

Do your production people need to
know more about GEARS?

Cole'Manufacturing Systems, Inc¥offersja beginning
geartraining course designed to your exgct nerﬂs_.

£« Terminology of Gears
I < Gear Functions and Basic Formulae
; Manufacturing Methods Inspection:Methods
“s Interpretation of Inspection Data
.» Applying Inspection to Correct Problems

The course can be on- sﬁ:{r(z your'plant or training facility,
or off-site at 8 nearby 'I|ty'We‘come to you!

\

(248) 601-8145~FAX (248) 601-0505 |

Email: dsm|th@cnlemfgsy§tems.com www.colemfgsystems.com
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Figure 17: Helix inspection with periodic error)

1) Runout of multiple thread hob.

2) Thread to thread spacing error on multiple thread hob.

3) Feed screw or bearings of the feed screw on the hob-
bing machine.
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When coupled with the VARI-PC Composite Gear Analysis
System will provide:

* Reduced Inspection Cost

* Improved Accuracy

* Historical Record Keeping

* Serialization of Parts

* Interface to SPC programs

Experience the difference. See why customers worldwide have
chosen the VARI-ROLL/VARI-PC. For further information,

please contact us.
VARIEROM

S p— Precision Gaq Co Inc.
100 Shore Drive Burr
P 630-655-2121 mm-am
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The examples shown in this article are isolated to a particular error
for sake of clarity. In actual troubleshooting multiple problems will
occur and compound the complexity of the resulting inspection
charts. These examples should be used as a guide in the solution
to your problem, with the goal of step-by-step correction of each
error identified.
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M T¥nduols rmnge: e, TURNING SPLINE HOBBING INTO A
piral bevel gear generator series(D.P. 10"-0.85", diameter.5"-63") MILLING OPERATION!

Gear pointing machine series(diameter: 1 .2_"—15.‘.?"]
Spimtbaval geariapbing RAMRRAREE RIS 100y Advent Tool & Manufacturing introduces their indexable carbide
involute spline form milling solution to industry. Utilizing custom
ground form inserts and standard,
precision ground bodies with a
precise insert locking and locating
system, Advent can turn hobbing
operations into a true milling
All products have one year warranty. As part of our commitment application! Dmp us.a
to providing excellent customer service, we guarantee to line and see what we

contact you within 24 hours after a problem is brought to our can do for your
attention. We welcome your business around the waorld. application!

TIANJIN JINGCHENG MACHINE TOOL MFG Co., [ el
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Auxiliary machine series
MNC gear cutter sharpener
NManual gear tester

MNC spiral bevel gear tester
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