COVPUTER CONTROLLED HONI NG MACHI NE OR THE LI KE The present invention

r&l ates to nmeans for setting up a honing process and nore particularly, to

i nproved neans for establishing, setting and nonitoring operating
conditions for a honing nmachi ne from workpi ece paranmeters and stored data
There are in existance various devices for fponing surfaces such as
cylindrical surfaces and for the nost part such devices are pri (2{ )04/*
mechani cal devi ces which require considerable and constant operﬁl

attention and the quality of the work perforned depends substantially upon

the skill and exper egGyake! BENRBLEES noiine Yol 3k R 34
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to the honing I 'ne "and ‘he stones and mandrels. The known devices
therefore require chsingerabee igpersistanceenvevhousddexpeeserftar dhenhge
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into account to properc_d%/ set up and hone a warkpiece. Such conditions
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the amount of gRamPeNd &t 8Pkkr@Ro2NUinf1Yences the honing process with

known prior devices by, among other things, installing

and removing parts to be honed, se‘lecting a desired
honing assembly or mandrel and setting in the desired
honing stone travel, stroking motion and frequency‘,
mandrel operating speed or RPM, the conditions for
tern;inating a honing operation and in some cases the
desired torque to be established and maintained to
produce a desired stock removal rate taking into account
the possibility for damage to the honing machine and to
the stones and mandrels. The known devices therefore
require considerable operator attention and'experience
during- set up and during the honing operation. Other
conditions must. also be taken into account to properly
set up and hone a workpiece. Such conditions include the
selection of the machine components, the characteristics
and hardness of work. pieces to be honed, the amount of
material to be removed, t:2 type and size of mandrel to
be used and its range of rjustment, the selection of a
suitable abrasive material and related matters. The skill
of the persons required to set up and for operating

procedures and the amount of operating attention and
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experience required contribute substantially to the cost of honing and to

the accuracy and uniformty of the parts produced. Nunerically controlled

(NC) nmachine tools of various types have been used for many years and for
‘many purposes. Mre recently conputer nunerically controlled (CNC) machine
‘tools haxv,also become wi dely used. Many of these devices have enpl oyed
‘adaptive Control means in the nature of a feedback control for changing

certain machine paraneters to conpensate for changed conditions and to
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control | edhisahhsnefténesinvadived antiinge handboock data and/or operator or

- programmer experience to make the machine perform the required
functions on a specified workpiece. The data inputs thus produced
are stored on punched tape, magnetic or non-volatile memories and
-related devices and are retained in a library for call up and use
as required. '

The current manufactuiing environment is calling for ever
smaller production.lot sizes as industry moves toward Just?In—
Time (JIT) manufacturing. Also, with- today’s rapidly changing
technology, obsolescence of manufactured parts makes large lot
sizes and therefore large inventories costly to maintain and
generally undesirable. These and other factors place a heavy
burden on manufacturing overhead especially in the areas of NC
and CNC englneerlng support. |

The present 1nventlon is designed to improve manufacturlng
productivity by teachlng the construction and operation of a
novel computer controlled precision hole sizing and finishing
apparatus such as a honing apparatus which substantially reduces
manufacturing overhead including machine set up and machine
operetion personnel requirements. This is made possible because
the




continual special programm ng efforts and handbook data or operator
“experience for every honing operation. Mre specifically, with the present
~device, sone, if not nost, of this infornation and data is included in or
-cal cul ated by the machi ne software and programm ng. To this end the present
.construction sinply requires entering d&ta, sonetines referred to as”

bl ueprint data, relating to the workpi ece, and the controls thensel ves
establish fromthe workpi ece paraneters and stored data the nachine
operating paraneters. The present device also does away with the need for
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controls thgheholfn and the program itself, However, it should be
noted that a library of programs can Be created with the
present device, if desired.
The present invention enables a honing machine
operator or set up man to rapidly input data as to each
type of workpiece much of which data is readily available
on working drawings or blueprints, directly into the
interactive machine control. The cohtrol_ écéepts such
inputs including data as to desired finished bore
diameter, starting bore diameter bore length, workpiece
material, including material hardness, surface finish .3
desired including cross hatch pattern, lot size and other
information as well. When the workpiece pafameters have
been inputed} the computer will ¢alculate the appropriate
machine parameters and these will be displayed for the
operator’s review. The machine activities or functions
are controlled by the computer and'the'caiculated machine
parameters establish operating parameters and associated
machihe control signals for the particular honing
operation. These operafing.parametens_and_corresponding
machine control signals are such things as spindle RPM,
stroke rate, feed rate, stroke Iengtﬁ, stroke positioh in
the bore, and tool selection. The controis therefore
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4 interact with the operator inputted data, stored data and store formnul as
and algorithns to establish certain machine paraneters. The machi ne
paranmeters include spindle RPM stroke length and rate, feed rate, and
overload protection data limts for each tool. The controls also provide a
visual display for the operator as to various data including workpiece
size, rel7ative cutting torque, and the nanber of workpieces to be honed in
a particular lot. The controls are so designed as to sense the cutting
torque, winteractawithsthe oberhsoroiddputtededatadr stonad datpaandt htereith
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determine the various machine parameters to be set using stored
data such as data from stored look-up tables and calculations.
This stored data and calculations performed by the computér can
te used in much the same way that an NC programmer would use
hand-book data and his experience to érrive at certain machine
parameters. Furthermoré, with the present device the look-up
tables aqd other information in the software can be modified and
updated from time to time as new informétion becomes available.

— Thus a user or operator having updated'software will always have
the most up to Gcate data.including hole finishing data, and will
not have to rely on engineers and others to program and reprogram
the machine for each new job. ' '

- During operation of the machine, certain machine parameters
will be monitored to maintain dertain conditions and to make
adjustments as required..rhis inéludes méﬁitqring the position
of the cone or wedge used to radially advance the abrasive
members, the torque produced during the metal removal process in

order to stop or abort the operation if the torque exceeds some
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accunmul ated can be used to make adjustments of wedge position to conpensate

:for thermal expansion. The data will also be used to conpensate for tine
"and di spl acenent characteristics including the stroking characteristics of
-the stroking nechanismto nmaintain desired velocities of the sinusoidal or
fother time displacement curves and to cdhipensate accordingly to mainfain a
relatively constant velocity of work surface being honed as in surfaCe feet
per minute. At the conclusion of a honing cycle, the position of the tool
wedge can be and often is ‘maintained fixed for a period of tine that is
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oper ati on sRR?nlt%n of ohaabeel wegeRecan r%ﬁ/éndt%ﬁﬁ@a%%r%ah‘hﬁab@ﬁ‘ér
simlar affe@i:&ecﬁ'foﬁfamﬁfbd%\ﬂ tim® that is long enough to relieve

stresses ‘induced in the workpiece during the honing
operation. 'This.'pért'.of"thé*'seQu;nCe is sometimes
referred to as the "spark-out” portion. The final bore
surface finish and geometry as to roundness, straightness.
and size control is achieved in this final step.

Providing a .computer controlled honing machine in
the manner described herein makes iﬁ possible to achieve
con31stancy and aceuracy of workpleces produced 1nc1ud1nd

" in large and small lot 31zes, and this can be achieved
automatically making all of theé workpieces in each lot of .
deéired size and surface characteristics thereby making o
the workpieces produced more uniform and more predictable
as to size. L :

The present device uses a closed loop configuration
to control and establish parameters of the honing process
'whlch glves the total process significant advantages over
more conventlonal honlng devices and processes "which
cannot adequately control and establish machine operating .
conditions from such a minimal numberof inputs. Further-
more, the present -construction in some situations can
take into account changes that take place during the
honing operation such as stoneware, wedge travel,

temperature and other sgimilar affects all of which tend

LY



tolimt or nodify stock renoval rates including stock renoval rates per
stroke. This is especially inportant when the nachine is operating at a
fiexed di ameter setting for a tool such as a tool having a work surface
formed of a super abrasive material. Dianond ream ng and singl e pass

t hrough Koni ng operations which are in wi.desuse have some advantages in
this regé?d but they do not provide as broad an operating range as is
possible with the present construction, and with single pass through
devices the tool is engaged with the work for a very short tinme and often

little or no mudiphgist roki HGdi@?e%%‘c@&eremJ\F@ PEEELE! GRS | Sbock
of fers nmeans for overcoming this and other |limtations of, tlHd' prior art
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providing a rel atlve% range of honing_di anmeters per tool, and stock
renoval rates t$RmRe# V%’fa%t‘?v%u’r‘abﬂbl?rmaar%l%?e“b%ﬁé ? RObGPE PR 25

machi ne and hontbfkgacbyaﬂobgeealamgt lramle rwnm ﬁtﬁysmsemumdtmg i:h@&ent hat
use vitrified abrasjves,
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para ters and enabl es the production nore consi st ant accurately si zed
work surfaces apres®ERh ¢oms HRHCbher 2 bFers teedtdnf ok VR ERRIABthis and

experience. dther 1limitations of the prior art, and the present
improvements can be applied to many more kinds of
machines including those that use supe; abrasives such as
abrasiveé that include diamond particles, particles of
cubic boron nitride or 1like substances. The present
- construction is also especially adaptable for use in
multistroke honing applications which are able to
accomplish the same high accuracies that are achieved by
single pass through 'honing while at the same time
providing a relatively wider range of honing diameters

" per tool, and stock -removal rates that are not available

" from a single pass through honing machine and honing by
more conventional honing devices including those that use
vitrified abrasives.

It is a principle object of the present invention to
provide a computer-controlled honing machine.

A preferred machine ih accordance with the invention
can be accurately preset taking into account a number of
different operational and environmental conditions and
parameters and enables the production of more consistant
accurately sized work surfaces and with minimal operator

‘attention, knowledge and experience.



Preferred enbodinments of the invention make it economcally feasible

- to accurately hone relatively small |ots of workpieces and greatly sinplify
~and facilitate machine set up procedures without requiring a library of .
progr ans (including a program for each different workpiece to be
~honed) and without requiring set up data for each different job stor&d on
punched tape, magnetic nmedia or other non-volatile nmenory devices or ot her

| i ke storage devices. Preferred enbodinents of +the invention mnimze
operator influence on a honing operation and thereby increase accuracy of

honed wor kpi eces Rl erabl il AGRAAANGS Wikl the Jaanty ogodde o
operating range of honing nandrel’s with respect td knowi constructions of
si ngl e- pass esopomilcrddivy & easdlbd e it ansratiEla Ihpnenoedateidve Iy efmerkled
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and safer tdngpemseecaccuracy of honed workpieces.

Preferably in accordance with the invention, the |

" operating range of honing mandrels with fespect to known
constructions of single-pass superé%rasive tools, is
substantially increased.

~ Preferred embodiments of the invention greatly
reduce or eliminate the neéd for manufacturing and NC

‘engineers in the development of set up procedures and
data to control specific honing operations for particular
workpieces including also the elimination of the need for
look up handbooks and other data sources for the operator
to refer to, all of which can be now included in the
software or other'sﬁorage means associated with a honing
or like machine. '

Preferred -embodiments of the invention teach the
construction and operation of a computer controlled
honing machine which can be made to operate with many
different types of honing mandrels having a relatively
wide as well as very narrow ranges of honing diameter
adjustability. _

Preferred embodiments of the invention make possible
the better monitoring of super abrasives in stroking type
honing machines thereby-increasing-the operating ranges
therefor, and make honing easier to program and control

and safer to operate.
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Preferred enbodi nents of the invention reduce the need for single pass
t hrough hcni ng operations to achieve accuracy and uniformty of workpiece
si‘ze and to overcone the deficiency of single pass honing tools with
regards to limted material renoval capacity by increasing the expansion
Caprl|lkJ of the operation. Preferably, incaccordance with the invention,
the Nature of the skills and the training reqU|red by persons operating
honi ng machi nes, is changed. Preferred enbodi nents of the invention provide
means for'autonaticalry controlling and conpensating for nore of the

operating functions and chi Jne adjustments in a honin peration LQC| udi ng
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CAM environnente Pmﬁﬁﬁé@dm@rqularreniémmai h@agavanty ofy enabbeakifs the
operator of a conputer, controLnd&y to opt| m ze the operating
Pbi?

condi tions i ncl §PRGS3D CAFe CoPP&FEOFi'ng nachi ne est abl i shed
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comput er of the operating functions and machine adjustments in a
| honing operation including the selection of spindle RPM,
stroke rate, feed rate, stroke length, étrbke position,
tool selection and temperature compens;tion, and give the
| operator of a honing machine wider options as to the

selection of tooling and operating parameters.

Preferred embodiments of the invention allow for
implementation of the present system to an automated
manufacturing (DNC or CAM) environment.

Preferred embodiments of the invention enable the
operator of a computer controlled machine to optimize the

U operating conditions including also the possibility of
overriding machine established parameters.

The above and other objects and advantages of the
present invention will become more clear to those skilled
in the art after considering the following detailed
description to " be read in conjunction with the
accompanying drawings of -a computer controlled honing
machine embodying the invention. It will be realised that
this machine has been selected for description by way of
example,

' In the accompanying drawings:-



controlled honing machine showng the |locations of. various machi ne
conponent s and sensors associated therewith for use in nonitoring
machi ne conditions; Figure 2 is a top view of the conmputer controlled
honi ng machine shown in Figure 1; Figure 3 is a right end view of
‘the conputer controlled honing machine $shown in Figure 1; Figure 415 a
bl ock di agram of the circuit for the subject conputer controlled honing
machi ne; Figures 5A and 5B together forma flow chart for the set up node
enpl oyed in the present conmputer controlled honing machine; Figure 6 is a
flow chart for theigemenolle 6f tle gdme: nechime;vEguref 7a- 22nshoarsone

of the set up,screens;thal,appeag g the Jmnitor ah 4 he, computer pggtion
of the contrd?s_?or the present honing nachlneiiand' | gures 23 -~ 25 Show
typi cal scre@Riewdit ARFEdmedur FRGPPRENTLEN ndad ofssrenfachdrsccTatedr esent

i nvention refpd €5wieh o MOVl e COMPAE L1+ £O04 & Ofd 8i nhORLAG: c fBRBE Ne  which
establi shes nac qg'qgegatlng pgraneper; fgonllnput data related to

wor kpi ece par amet Y8 Ehd sty el 9Pa.V I BecusE oS feneP At A 6p@r at i ng
paraneters oonindlmadhine seidwmgin upigefe the paraneters for a honing:

operation in trfag&ggsth iQVthiEHLhéh Ilr;upni %w”ESQin_hgpeég&%ﬁ@er
produces nore uniformand nore accyrdiq.y noned wWor k “Ssurfaces W a much
greater rarfrntirglledmoninglingehine kPRt bbiFigyrg ekpecial ly when

conpared to single; Aass BonisNG) WLEEINId e BPRRNE FORBLAH Qb u A Sfor i Bnbhe
past, experience and skill  of the operator played a major role in the
quality, acctHRSFt AHRPEPYHET FM TP bied RONINGHBIRARR oduct .  The present
means rely much I®ssuréed B sd,5Bntddetisdd | fomnda eRpew i eRget of ot h€he <

operator. sé@euEOWdElf@ﬁ%ﬂé?é&oﬁkiQﬂeOBJJE%A¥“¥¥¥Eué§¥iSgnQPglled
honing machine; | _ '

Figgre 6 'is a flow chart for the run mode of the

_sam_e. xhachine; -. _ - |

Figures 7 - 22 éhbﬁ somé of the set up screens that
appear on the monitor of the compﬁter portion of the
controls for ﬁhe present honing machine; and

Figures 23 - 25 show typical screehs that appear
during the run mode of thé machine.

The present inventioh relates.to a novel computer
controlled hohing. machine which establishes machine
operating parameters frbm inpﬁt data related to workpiece
parameters and stored daté. Because .comﬁuter generated ./
operating parameters control the settihg up of the
parameters' for a honing operatibn in‘ the present
invention, the honing machine operation produces more
Lmifb'rm_ and more accurately honed 'work surfaces with a
much greater' range of honing diameter adjustability
(éspecially whéh compared to.sing1é pass honing) during a
honing operation. Also, in the paSt,_experience and skill
of the. opérétor played a major role in the quality,
accuracy and uniformity of the finished product. The
present means rely much less, if at all,'oh-the skill and

experience of the operator.
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I ncl ude- many of the features and conponents of known honi ng machi nes such,
fory exanple, as use of known honing nmandrels, known mandrel stroking neans,
krfown neans for radially advancing-and retracting the work engagi ng
menbexs, and known abrasives including especially super abrasive materials
whi ch- a(g super hard abrasive particlesl&such as dianond particles,
particles of cubic boron nitride, and other super hard nmaterials. Many of

t he operating conditions encountered during honing were not taken into
account in known devices other than by relying on the skill and experience

of the operator.  ThesehohPRkUHBCcnSHENpotDLAGSHT aShe WOFKRERECAYGELAL QDS
due to tenperature cgan es, va%iatgons | n_machine torque, changes_produced
by the sel ecti oh?oFU3e dd@Hed O fapFati iFatutisy 20 STRECRARER| MF  xacwn
conponent s i ncl hodhime t hecsinas adeancfog eramslandas hesstofieknoknohhRlng

abrasive, the PRESENGE, OF k@%a%n%&%rﬁ r81§1‘£‘9]1{~§‘”§e55_t}§ A, | pel ydi ng the

hardness and wear ak Y of the er to be bﬁg re has been nho way
to accurately anadprbliyctadvynehRe aphdofrepesetimg other varkabergaghng

account and tQRedBkes, ABRHONHARKE aBFhslEBNiSc1laIaMas a1 DF chpBges
t herein |ncludlgg t he possibility for ngﬁln accurate hanges duang
es

honi ng rmachi ne®BpasLYF onMatafd add s s ed FHPRBne at PBR2aAY
i naccur acy fronpaptkelesesuehwaikpdestondhpaptestak,i Perticled epf e68BLE

the first kno tte t 0. conputer] a_honi chi pe_by. neans which
provi de sinpl???%ﬁé%gg Bﬁl%?bceﬁérggﬁgﬁds%?gﬁ a??%w%ag%rb%é?étor to take
i nto account changesMamyl o&rithei openaitiicle mordiddionsdgnoguat éoed nduring

ope@ ion so thabn{Ke SQEPe CRSEStaRPh USH EENLSc 630 PEn ”@:@Svl.-& 0aE0TRERSAL =1

thergfor. Wth the present construction all that generally Is necessarx S
e

for the operatofP?#® dif errel ¥id8 i ¥hs ther nBkEyir edtd| Aot &f at
bl ueprint or otdpsrdleén, SOThee anghébhedeonpuicty Whingse tdiesewepkpieset 0

variations due to temperature changes, variations in
machine torque, changes produced by ghe selection of a
desired abrasive, wear of the machine components
including the stone advancing means and the stones or
other abrasive; the presence or absence of stroking, and
the nature including the hardness and wearability of the
member to be honed. There has been no way to accurately
and predictably take all of these and other variables
into account and to make appropriate adjustments to
_ compensate for changes therein including the possibility
for maki@g accurate changes during honing machine
operation, and this has resulted in some wvariation and
inaccufacy'from-workpiece—td—workpiece.
The present invention represents the first known
attempt to computerize a honing machine by means which
"provide simplified set up procedures and also allows an
operator to take into account changes and variations
which may occur during a honing operation so that in some
cases, adjustments can be made to compensate therefor.
With the present construction all that generally is
necessary is for the operator to enter a few items
normally'readily available on a blueprint or other data

source, and the computer will wuse these entries to



,establish all of the necessary operation conditions and paranmeters and
:little or nothing further 1is normally required of the operator. No
known devi ce has these capabilities. The honing mnachine 30 shown in

:Figure 1 is illustrative of many different kinds of such machines
Nncluding vertically and horizontally oritented honi ng machi nes that “€an be
conputerized as set forth herein. The horizontal honing machi ne sho S
for illustrative purposes. The honing nachine 30 includes a nandrel

assenbly 32 m)unt_ed in a spindle adapter asserrbl.y 34 sonetines referred
to as a spi mHtehdsdh whléhofs e veacesshey riresadh cgeardndi bromel 2adg by a

drive not or fa@é’iﬁlf?é‘ﬂé S a?d&)Wh'tﬁ veheodr avi-N0: a5 BAHRNG, t $gaxi s f spt
relative the axis  of the mandrel_ _ assenbly 32 to accommpdat e t he

drive belt §Beq“l’rrelﬂ gffes the  SPEREEREr kpiRc&H"Rodiepiic& SagpoFtefexture
42 i s shown depdbidiitisdg oki ng notion inparted thereto by stroking neans 40,

and that workpie Jayy b pported by t SUPPOr t flxtu,re 42 on, the
machi ne 30. It i g[ehcom e Sf‘a?edm g’mtehe J[;lfese%fp T nvaht | or‘?‘gappﬁ ies at%o0 to
machi nes mlcitusmﬂf@hee oife naandrédlf fassdnbkyndahid® smicht ahatmgnede

wor kpi ece i n 4 iiidsGek a’%‘éﬂt&ra'qu}t alih@n ﬁBQ‘lQQh'Ea&ZBeSoQEeﬁ%Qk'}'i‘&n n

mechani snms are common to the honing industry. The mandrel assenbly 32 is
rotated by tRehimesk tBesr %‘th?o&@ﬁ‘pf‘ﬁé%életi 3P afftt fordh VReT®tdr 36 is

shown havi ngrHd rﬁ&rSQﬂﬁﬂél NMBRnS ngd daliann ER6wsens I”fg:ﬁpiDﬂhﬁﬁPMﬁéld
second sensor neans 46 ensi ng the spindl | oad or,tor

ue. ri
known RPM aff Wi se ?n GER egn%ah%'be e TGS q% p‘Bas E5h the
sensors carrdsentount 8@ omothtedptiogr 3. GSasn@h@mdﬂptéleyasammbémmm edg

or i n_aSSOCIZ A did Mol Berspandle B2 Atégmdl;hﬁogaew%f NP8 {0t L he

purposes is not new and t ocation and Jpe of sensor enployed s at the
di scretion edfthemethieHBhe ZafifidacPtr &eltinge byt rpkfpgve motor 36

which is shown in the drawing as hav;ng its axis offset
relative to the axis of the mandf;l asséﬁbly 32 +to
accommodate the drive belt 38. |

In Figures 1 - 3 the workpiece or workpiece support
fixture 42 is shown. having a stroking motion imparted
thereto by stroking means'40, and_that workpiece may be
supported by the support fixture 42 on the machine 30. It

¢ is comtemplated that yhe present invention applies also
to machines which stroke the mandrel assembly while
maintaining the workpiece in a fixed axigl oriéntation
and both types of stroking mechahisms are common to the </
honing industry. o _

The mandrel assembly 32 is rotated by the drive
motor 36 through the belt 38 #nd the drive motor 36 is
shown having first sensor means 44 thereon for sensing
spindle RPM and second sensor means 46 for sensing'the
spindle load or torque.. Various known RPM and torgue
sensing devices can be used for this purpose and the
sensors. can be mounted. on the motor 36153 shown or they
can be mounted on or in association with ﬁhe spindle 32
itself. The use of .sensors for these purposes ié not new
and the location and type of sensor,employed_is at the
discretion of ﬁhe_ machine manufacturer. The . stroking
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12 nmeans 40 has its own stroke position sensor 48 which produces an out put
whi ch varies with the position of the stroking neans relative to the
mandrel 32. When stroking the mandrel, the sensor output varies with the
positiron of the mandrel relative to the workpiece or its holding neans.
During a,honing operation a feed rod or wedge 50 is noved in the mandrel
assenbly™82 to radially enlarge or expagd the honing dianeter and to
retract the mandrel. One of the inportant advantages of the present

Const r UCt h&ANSVES Wi OIt@rdwrP@%S:‘dHéCPb%&%_i%HC BefSos B8/ $hPERSpLHAREES an
devices is that the present construction includes a feed rod or wedge

assenbl y omtent nvhdeh nvantesnwdthl the i pesitient of dtheresdrofinchaneansir el
32 duri ngré‘lgef{f@gtcgaﬁ{é”‘&dat%&reihhﬁ.'ﬁh&?%fﬁ(%@ﬁé fnaaagaxsdﬁﬂg%w&
wor kpi ece"rn order to maintarn the abrasive mne rengaged wth the

wor kpi eceoutpet pariesr eitht ithet pesdédoncdfl ithe nairairele rrdikest vzt o etloéed.
Wth known s#ngée pass.%hrgugﬁ.devices It has not been possible to change
t he honi nYCHFBAEEEr CHutFiig 8 HdRAPnYeBPBrati on to establish the desired

stock renoval . piipinghhsS nofangn opaPetidhnadl ekds Tdd i GedEBE! bs Bbded
especially those that use super abrasives, have been_tapered over npst of

their | enghthe @mandrsl t agsemblivit 38f tentadiallhaentardse ore@XRANG r BARt he
wor kpi ece . est ' . ' a S a o

ad) ot ronpofif5 dPphebed 458 £F AR T HdniRiat JUReTGE EARCLIGRCantl
si ngl e paadvahtaggh hafl ngthevi peeseatd tdorstmectgiarat | gverni tpeddrhei art

usef ul ness and substanti al reduced the anmount of. stock that, c be
empuec  RORSErRERRORE, FRel an 1T LE Goeoh | BREOREnSPEYLRES i ThAt ) bhe

used= TOOp}88eALCESHRIEYuELiBAN RYPUGSP U HUY Yod BE #8848 aBsERBLHORK DEL
di ameter during a honing gperation is described in our co-pendi ng Patent
Appl i cat i BAVES. iggtBe2napgnedntoNnbncpeassohe diapeter /pfj theogandrel\g2h

Llhe pr.eseaﬁrﬁﬂgpgtﬁanina%&gawj Thid i RISLE SebBxCiketefldlaq- BH6R 2as
ueprint or ether : .
the workpiece in order to maintain the abrasive member engaged
with the workpiece under pressure until the desired final
diameter has been reached. With known single pass through devices
it has not been possible to change the honing diameter during a
honing operétion to establish the desired stock removal. For this
‘reason known single pass through mandrels, and especially those
that use super abrasives, have been tapered.over most of their
length to control the amount of material that can be removed from
- the workpiece to establish a desired diameter and work surface
smoothness. No adjustment of the honing diameter is possible
during honing when using single pass through honing devices, and
this has greatly limited their usefulness. and substantially
reduced the amount of stock that can be removed from a work
surface. Multiple stroking was alsc not ordiharily used. Tooling
necessary to achieve expansion or increases in the honing
diameter during a honing operation is described in our co-pending
" Patent Application No. 8808321 (Patent No. 2210304), filed 8
April 1988. '



data into a conputer entry neans such as by nmeans of a keyboard 54 (Figure
:4) or other entry devices such as touch sensitive CRT screens while set up
screens appear on the nonitor 55. Wen this is conpleted the conputer
calculates fromthe sinple data inputs, stored |ookup tables, fornulas,
and algorithns all of the paranmeters and:operating conditions necessary to
performthe desired honing operation including information as to the™wedge
travel necessary for expanding the mandrel, the final position of the
wedge when the honing operation is conpleted and during spark-out, and the
desired stroking ypat e£,me| gtgggﬁu QR d.settd. ngs, : F~Q,q:UIJ:F,d }? SEch{' Lhe

di mensi ons of the ‘workpiecé to be honed. The nachine wi'l gval tat e
the conditilh i8f Possidde %hden el cap bt e s 35Brn@ke © —W”-ﬂ-’é’qlﬁ?e@l’fﬂ)
perform thQiatd#Siﬁeg ahqu@g*@@erahw@ rih@ssedeeti gy of tha desis ed
tooling |ncI udi %e ran of di gmeters covered: %ythe toolin and the
kind of abrd vBPvelf 1EWTe i /i OBl 857F8ssTHHE by USPRE &

t enper at ur e taerisi aga .sireane OET chergeed ewvably semserxt ma:ztceemrapwe:of t he
wor kit ece B!l EALPASRGE T80 WMl o6f PohAgE<0k [l USnohey

conpensate fOf apparent - i naccur
t enper at ur e $akceEEss t Havrmocéhe |$111MP|1=,3 wélﬂk-ﬁl eb@‘ﬂiﬁt n@ttoﬁ‘éiﬁhon?ﬂg‘m

operation. Tysied!nl %emallhsknoawude\ikgee&mnlge a@ﬂeseﬁt ﬁ?é"ﬁ@ré:%oé‘@'@ to
receive certaip initi al i nforpatjon fromwhich all of the vari ous machi ne

condi tions &f pREGALEIE SRABEI AT i RIRFITY hR ?‘h’"ef‘?r’é‘ﬁhFh% dperEESr does
not need to Hkingingpgitasies oinebidimd ednifesad tadneXxPer itencthor woiiher w se

nor does the operat %récr%%%%ggg ['E.?L,y é)&mgppol& gatnaa%aecat (g‘l_ncguded |nu

the software - for as in
updat ed fromadifeiaro téfhe hrsenewdsﬁ omben offhes hadénavappebhéion 1

Figure 4 is &ifincded #4048 a0u2hnkNepairkCuks a¥d &P Pes EFed stroking
pattern information and settings requiréd based on the
dimensions of the workpiece to be honea.-The machine will
also evaluate the condition of torque and calculate
spindle RPM required to perform the desired honing
operation, the selection of the desired tooling including
the range of diametefs covered by the tooling and the
kind of abrasives 1nvolved, and it is also possiBle by
using the temperature sensing means which preferably
sense the temperature of the workpiece as distinguished
from the wOrkpiece helder or fixture,: to compensate for

the -/

temperature increases that occur in the workpiece during

apparent - inaccuracies in the  honing due to

the honing operation. Thus, unlike all known devices,. the
present device is able to receive certain initial
information from which all of the various machine
conditions and paremeters are established so that the
machine operator dbes nbt need to make any guesses or
estimates based on experience or otherwise nor does the
operator need to rely on handbook data which is included
in the software for the present = machine, and as
indicated, can be updated from time to time as new

information is made available.



controll ed honing machi ne 30 constructed according to the present

i nvention. As shown in Figure 4, the <circuit includes a
keyboard/display unit 54 which nay be of conventional construction
i ncl udi ng having a keyboard for entering data and controls and a displ ay
55. O alternatively the keyboard nmay be in the form of pre-programed

t ouch sc™en bl ocks which the operator #8uches to nake entries of the
necessary data,, The keypoar i spl unit 54 is connected o a _

T or oy 0L 652or TR hbi LR AR A5 (LA X, G AL S OF b Y-

the subj egén¥Ps11&& hoiihd MACHNEC §6 S¥nstiriBted Ackor TRy €bdthé Preddnt
conputer such as a mcroconputer utilizing a standard operating system
nodi fi ed Hrvention ograsmethawn sdn sFigure vari obBecoptirenbhs inelypesaima er s

outlined y | | §lcatiqn.or d Qe a i ed_@icr ‘g£ﬁ§§ ith
a custom’lg %%’Z‘?';‘?f%i%\?sté‘%q mgfe%/e[ra%lgghe\l/ng&dsys emol@s u%gg [ scﬁ'g%#md
be conpatedhstmmebiconmimaoladingnhavbhgcal kegboawdl forn enteriing katdaNGmd
CAM envi ronnent. The_m cgpprocessor 56 s connectjons tqQ various controls
and senscr@NFROL ARG L HRAY a5 1 RN (Rt TRF AR CHYRISE (it Y RIRF S AAKIIRE
drive 58, GORRRCIFOHR bP Pie-Priddrdithddi tohon Gerelsl IPISck® Whdcheathdni t
52, connections to a workpi ece tenperature unit 61, connections to other
devi ces 6penatioxr otouchiesnste omeke writigsl ofetber snecegsaxyl AatrudiTRet he

4 I i ndl. h 4 ichs
spindl e sSRpSRrdfatERay hit BI 34 EonRaRRea bdih TRbEIRISERaRE W 1
st roke mectiaer s womputiey sdevkcag seperiaicionist hethsenadn Sonireh fesporhs to

t he, feed wedge position, and the sensor 90 which responds to the,
et at LFEPSRCE HERGRIRE cbRe PLGEPREPERISMOI I MY JORISRRARY i PS¢ h

the strokersedsmputdr idudhoyd he ﬂ@b@@cbﬂﬁht@ﬁriHﬁi@iBYﬁgcaé heovdRdard
operation it will be necessary to | ocate the mandrel assenbly 32 or the
stroke areperatingursysten nmedifiedcuand/eni toragysamned oo nsatisty jthe

e e LS A 50 K A R 930 ST o PRSI 52
operationor it may be a dedicated microprocessor with a customized
operating system. However whichever system is used it should be
compatible with communication protocols commonly in use in the
DNC or CAM environment. The microprocessor 56 has connections to
various controls and sensors in the honing machine including a
connection to the spindle drive 58, connections to the stroking
unit 60, connections to the feed unit 52,. connections to a
U workpiece temperature unit 61, connections to other devices 63,
and connections to fhe principal sensors required including the
sensor 44 which senses spindle RPM, the sensor 46 which responds
to the spindle load or torque, the sensor 48 which responds to
the position of the stroke mechanism in its stroking operation,
the sensor 92 which responds to the feed wedge position, and the
sensor 90 which fesponds to the temperature of the workpiece or
workpiece holding means. In connection with the stroke éénsor 48,
it should be noted that during a typical honing operation it will
be necessary to locate the mandrel assembly 32 or the stroke arm

or fixture 42 in a particular initial position in its




The m croprocessor 56 also is connected to an I/O unit 62 which has vari ous

out put connections that are used to control different elenents in th

+oni ng machine in order to establish the desired operating conditions. The »

e

out put signals include a spindle enable connection 64, a stroker enable

rol connection 66, a feed unit enable connection 68 and ot her z:

cont
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uanecting sbhe kvkeard sbisphay @ aFhery) epEryr megnscandoNarious
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operating conditions necessary for the various .el enents.
loading device, and other dedicated control panel devices. For

example, an emergency E-stop line 72 allows the operator to stop
the machine in an emergency situation. A jog feed advance line
74 and jog feed retract control located on the machine provide
that an operator may manually energize the - feed unit for
expansion and retraction of the honing tool. Jog stroke controls
allow the operator to manually jog a stroke mechanism for
movement of the stroke in either direction.respeétively.at a
desired rate. A feed'home control may also be provided so that
an operator may manually enable and set a reference position from
which to detérmine the feed unit pogition. When this control is
activated, the feed unit positioﬁ*is set to zero. The same
control can also be used to limit feed retraction of the feed
until when in a manual mode. A feed-advancéacontrol is used when
it is desired to activate a limit switch which limits advancement
of the feed unit when in a manual mode and this control provides
a signal which will go high or to a logical "1" when the spindle

drive is in a ready state and a no fault condition.exists.

l'i sh
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It is thus possible with the present construction to bring the machine to
its inttial operating conditions by sinply entering workpiece data, after
whHi-ch the machine can perform a honi ng operati on when a workpiece is in
proﬁé{ position. The honing operation will take place during which the
mandrel w Il be expanded fromits initial operating dianmeter which is the
condi tiofwhere it just cones in contacjgwith the work surface to a final
condition where it has been expanded until the final desired dianmeter of

the finished wordk etirtase hesr bene raasjwst Toapuited EONEES1DEQ Mibning
actual ly be somewhat different fromthe desired final dianmeter taking into

account MRChine alsg includes,ansHdtabiespPpyrascsupRlVol & -Which may bevofi up
and the di : ' | : g I S
mist bo (SiNercRial Benkbl{oh i Hr AP aBpRCRET ALY, vileddd B
be somewimvelis fr cestdbbish htheecoperdtingatodditiéons aekiessatyaifioar tihee
wor kpi ece_has cooled. It may be necessary fromtine to tine to test a

d |
morkpiecgéﬁ*QHsiﬁlﬁﬂﬁP 'en honed and cooled to nake adjustnents to

conpensat e forrt/aid aHu¥) pssitflle ivitha&H@ HHetlert ddMatiRIdt VWA Mring
surface on the mandrel. This can be done using conventional gaugi ng devices
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subsequent wor eces have been honed, e rest of the honi'ng using the
same nmandraiirganoperationbwheand evexkpieteutsndin erepsr f peshtiovhariyes,

out pur o B e R eien, Phit “ErbS CBiatEAuEing wRECh, fue” pabdtal Jidh
COrrecti qus. ekiphRaéaNEroddaits i1Ri€14Lr epbrakting dWidiMete tvhichEdBaRiHe

details and features of a [err] machirne 30 in outline formfor ease of
under st artindition wherecitcinsthgemesein FRoEagGE ¥ithdthedwWork mfacs

‘;rg;]d:glt atésdz.‘% ani%.r&t E mﬁ wifer & {0 H&’e&}{‘seﬁ%ﬁﬂd A HP ¢ a1t he
piece Trelative to o
desired diameter of the finished work surface has been reached.
The final condition may actually be somewhat different from the
desired final diameter taking into account the fact that as the
honing takes place the work-piece will heat up and the diameter
of the work surface will change accordingly so that this must be
taken into account. The final diameter hohed wiil therefore
‘'usually be somewhat different from the &esired final diameter
achieved after the workpiece has cooled.

It may be necessary from time to time to test a workpiece
after it has been honed and cooled to make adjustments to
compensate fér variation or wear in the mandrel or the work
engaging surface on the mandrel. This can be done using
conventional gauging devices to measure the size of the work
surface. Usually this is done a time or two in typical honing
operations such, for example, after the first and some subsequent
workpieces have been honed, and the rest of the honing using the

same mandrel can usually be completed without making any further

changes, tests or adjustments. If an electronic gauging




anot her during the honing operation, nmeans 52 for axially advancing or
retracting a wedge relative to the mandrel 32 to radially expand or retract
:a work engagi ng nenber, and fixturing 42 for supporting, and in sone-
cases stroking the morkplece while it is being honed. The honin
machi ne 30 al so includes the associ ated :conput er means (Figure 4) wich can
be programmed to establish the desired operating conditions and paraneters
sonetinmes referred to as the "SET-UP" procedures. The nachi ne 30 has
various sensors or transducers |ocated to sense cetain paraneters and
conditions of the machine as.stated. These _incl ude, the, .lenperature sensor:
90 shown | ocaT ed°t o “Engaye “thE morkﬁlébe &1 the Vot kpieBe “FIExEArTHg 42 for
respondi ng t@ombnkplem@znuﬂan*amn¢§nen@f¢|Xtarrag=teaperanuceﬁakheasensor
44 | ocated op,@r Lp-a@ss9shation with the spindle drive 36 to respond to
spindle RPM the sensor 46 on the spindle drive 36 for responding to
spi ndl e torque orReHABTiPHe 28REBr UB S8 nlassditat iVIEWE t BEhela

stroking mcxh@@m&méa t@ewsp@nanOféasI@QEaBeous St-&qgem@%& k0 ampd the
sensor 92 in_t up._means _for, re3ﬁond to

i nst ant aneou®" Q\Eﬂ’é@ ST i & ?ﬁﬁecgﬁt r%? ToTa‘tcﬁle‘ *Subjt ctcafﬂac ?né®58 al so
include the Keybodhesbs i igyc Ihidlee sydantl o oir erd ereagsi ABofomt irotaaddz dat a

especial |y giiing nbiBreiClas UPSRROR: AR] el LY T PLLT BY0YRET naQRU! ef

functi ons. I's can include Thformti prece starting
di aneter,  thenimandasl %%oégﬁakvh 5ﬁg|ekaﬁea 9¢§gr%ﬁ1%eh¥alﬁg>loc%up

table data,an@ﬁﬂeptaeflncdaha WBhingabgerht9Bh hRedakasentaired din 1the
operator, the. controls be able to autonatlcall calcglate such

things as @%Y%ﬂ?b“ﬁpﬁf:ﬁ??ﬁﬁ?“*éﬁg?hﬂe&ﬂﬁufﬂnr Brertestrak@apengtn, /
strokes per 32 ntiberadisiligkexpaguencyretiecsuafl aoekl eakagfingomenpetrq t ake

pl ace per myyie. r 2 LEFORTENEEY r5t OWipS R, AL AN ache CUELEs UM
stroking the workpiece whi le it 1s belnd honed. The
honing machine 30 also includes- the a58001ated computer
means (Figure 4) which can be programmed to establish the
desired operating conditions and parameters sometimes
referred to as the "SET-UP" procedures

The machine 30 has varlous .sensors or transducers
located to sense cartain parameters and conditions of the
mechine as stated. These 1nclude the temperature sensor
90 shown located to engage the workpiece or the workpiece
fixturing 42 for responding to workpiece and/or workpiece
fixturing temperature, the sensor 44 located on or in
association with the spindle drive 36 to respond to
spindle RPM, the sensor 46. on the spindle drive 36 for
responding to spindle'torque or load, the sensor 48 on or
in association.with the stroking mechanism 40 to resﬁond
to ihstentaneous streke position, and fhe sensor 92 in
the feed up ‘means for the wedge 50 to respond to
instantaneous wedge position. '

The controls for the subject machine 30 also 1nclude
the keyboard 54 or like means for entering information
and data especially during the set .up mode and for
controlling.other computer functions. This can include

information das to workpiece bore starting diameter,



conplete a honing operation Oher information will also need to be entered
such as the nunber of workpieces to be honed. Thereafter during the honing
process a nonitor run screen wll be generated on the nonitor to

i ndi cate various operation conditions. These will include an on- going

i ndiccati qn, of the nunber of workpi eces or hening operations conpleted, the
nunber of wor kpi eces renmaining to be honed, the tenperature of the

wor kpi eces, the nunber of workpi eces being honed per unit of tinme such as
per mnute, and the stock renoval rate being used. The control also has
provision for iAgdreatizAg BNy Efwnecessary,~s0versi  Ng.€eki:akns0pesakien
conditions to make.changes,. therei.n such .as in.the spindle RPM , the stroke
|l ength, stroke POSTtToR- stPoOkEFACES 3 i rat ~ ¥ ded “Wedge” posPtion-afd “steEk
renoval rate. THénigh sendencabserprovi des:litdidati oksceh . i MEtantangeitsr
torque and wedge Basbhi Of;.The, L orqua. my cuary. over.a ref atively wde range
fromconditionsw th litile or no torque to substantial,” “even excessive
operating torqi€dl, THepoFa® ofti6f dher weage can Be -5k owedrtiom i tthe
initial conditieBnatolBe Hepi Nidgadh ot hey Operatiencwhes the; hom ng wRuher
just cones in cggtact with the work 1o its, condition when the desired fina
bore size is reifhB8S ThE atPLAF feddel nmofemBit cAR™He noMtditdHnoyer-
hori zontal scal strbhakt dppestis, ostirbBesurpscr agnuwiet lor stndkeatfireRnsienry ,

e o Cons TS, a\fERd oo bBOLEABANG o <ok Mace 200 biAlce, o |

[err] positions, a scal e and ~ i nage t'he appearing
di spl ay represerecprgerdedl ef6rkexpamsran range. aneé skt L ¥e owidtear tto

shown, i n Figuregonplrand 2B HAGIAS dpdF b AOVeO-98rbEaek-Hh30ivWhI GH11 also
establishs -a test starhgcondlthn or pattegn 132 whi ¢ in turn controls an
initializing st85%4138 PPnenlFreR SRERy 2SofenBUIREEN e “"OREPAERRG ©O Pe

condi tions arehonedturned to their hone
Thereafter during the honing procesé a monitor run
screen will be generated on the -mgnitor to indicate
~ ' various operation conditions. These will include an on-
going indication of the number of workpieces or hohing
operations completed, the number of workpieces remaining
to be honed, the temperature of the workpieces, the
number of workpieces being honed per unit of time such as
per minute, and the stock removal rate being used. The
control also has provision for indicating and, if
. necessary, overriding certain operation conditions to
make changes therein édch as in the spindle RPM, the
stroke length, stroke position, stroke rate, final feed
wedge position: and stock removal rate. The run screen
also provides indications of instantaneous torque and |
wedge position. The torque may vary over a relatively
wide range from conditions with little or no torque to
'~ substantial, even excessive operating torques. The
position of the wedge can be followed from its initial'
condition at the beginning of the operation when the
honing member just comes in contact with the work to its
" condition when the desired final bore size is reached.
The actual wedge movement can -be monitored on a

horizontal scale that appears on the run screen with



conditions. One of the first things that occurs is to enable the operator
:to sel ect between. the use of English and netric nmeasures which occurs in
‘infmetric block 136. The in/netric block 136 provides neans to enable the
select node 138, which node provides the operator with 3 options, nanely
tthe set-up option, the run option, and tHe diagnostics option. The s€fect
node bl ock therefore represents the nain nenu for the nmachine. The s@‘f-up
node is illustrated in Figures 5A and 5B and nust be selected to be

operative. In the set-up node a screen is produced with the I egend "enter
start bore diraymeisericonsld®n thle operatvsaent:erss it he stact ~dijanei«er o4 the
wor kpi ece bare, .t g he ,h,oﬂned_qi and this Al ock Lon the flow chart,.controls test

il =<5

range bl ock “T42 Sthic h*“car "prodice ‘e ther” an "ot ‘of* Tange™ " i hdf tat T oh,
bl ock 144, chmeend@sses acdiandt ilng- 2 " ealbeakirg spindkes RAM sblack 4UbL
wher eby t he spindlee RRMd s palcul.afed Selectd on ofs the block 146 activates
bl ock 148 labelled "enter final bore di'_hame;g er” which the operator now
enters. This entry*®l §8% &R e&teY A>%wEst SRange 16 ocie 1305 WAt ci#né tHRr
i ndi cat es " @#ziefs raAYL"s Ml I, bl LNtT) wilih M anifsnde d niidal and
final dianet ers tenc:tﬂercg. are bot hajtg Lang&/,ﬂ,, ggiqsﬁ,tq._" ent.er bore length" in
bl ock 158. Thi*$ enadles 1He RexP*ScFeln whi ch *deks™ T or" esi Y Bt fHte
finish, blochit5®lisichr ey hatlh dmgl ehibhockadf0. oThetnextnsteines to
g0 10 the " ear qTaler i 8bnatkacksl53 4 SGLARL ARDEARS ShoWRg [Neone Tange
of hardnesse%, ,’_abl_oé’k_ 154associ ated = wth the select egh V\or.kp?né%e -
material  nicgMdigicingg OpRe afypreal Tdisedsings tHehaeeriar dfd *qerr]
har dness i npiabiBheche NEgérabbpCko sdB@ctl Ml thdlivgd ayr Exglcaated |
paranmeters” will. occur. The bl ock ;88 has assqciated Wth it a saye or e
bl ock 182 whAPch M&HF e BREWUT TS sHOECRr O8GHF ot AR ViU Irariters®8 nat
have been d&her minddebyitheblockr dl36 Theosttiey ohedhe rtovi eedbparatieders i s
select mode 138, which mode provides the operator with 3
options, namely the set-up option, tﬁe_run option, and
the diagnostics option. The select mode block therefore
represents the main menu for the machine. The set-up mode
is illustrated in Figures 54 and 5B and must be selected
to be operative. _

In the set-up mode a screen is produced with the
legend "enter. start bore diameter"” 140. The operator
enters the start diameter of the workpiece bore to be
honed, and this block on the flow chart controls test
range block 142 which can produce either an "out of </
range" ‘indication, block 144, or enables activating a
"calculate spindle RPM" block 146 whereby the spindle RPM
is calculated. Selection of the block 146 activates block
148 labelled "enter final bore diameter” which the
operator now enters. This entry also is tested at test
range block 150 which either indicates  "out of range"”
condition, control 152, or if the initial and final
diameters entered are both in range, goes to "enter bore
length” in block 158. This enables the next screen which
asks for desired surface finish, block 159, and cross-
hatch angle, block 160. The next step is to go to the

"enter material” block 153. A screen appears showing the



controlled by actuation "select itens to edit" block 184 which is
associated with an edit parameter block 185 and with a test range bl ock
186, the "display cal cul ated parameters” block 180, and the save or edit
bl ock™182, going through this loop until the. operator chooses the save
optﬂon |mmblock 182. At this tinme the paraneters are saved in the contro
menory accordlng to the save paraneter bl ock 182. The reconmmended tool,

bl ock 161, is displayed on the screen, and the instruction is given to
install the mandrel in the machi ne, block 163. Further display instructs
t hat a wor kpi ec&singet o de pﬁaeédséﬁbbhebmandrei it heaapasivednenbes  the
expand, bl ock 164andcche Lesyltlbag wedge;positiopsentered.intQothe ;..

PR WIS 8

control . This establishes the“initial wedge p05|t|on “The' tooI retract

bl ock 165 retracPSHRES 0bP<t F¥ne ™ hET+5 ﬁkﬂbe’pﬂSTtF%n*&Ffﬁéﬁﬁmﬁﬁy““-

wor kpi ece | oaderrhies auari:abl.—e_\odthen*"s@el ethbpatezl oadeis mjl ke aatiaeded,

bl ock 166. Another blqpk 168 . hqbell ggt stroke RQSI. iLtion" is proy;ded_to
|

enabl e the oper aor to 6st abl'ish °Che “po on For e & MKFE* ‘“ﬁ?) 14

control -on the Aéchi meve afsedprobilded ilE2asddeimattiaon bei tus adhethloie 168
whi ch control e@glgltesthtéwev@p&;@g %a%é’rxé@&réh‘%néﬁ;r QK& PR 4 Qb (U8, By Qly

the ot her as rearlred to establish position of the stroking relatlve to
the bore. Fol | oy Fﬁét§PﬁokeTEBnt?%ﬁr%Idﬁ§ 58 nEgvhEean PATFBARETS eniter

dwel | tine" conthaltrehiled Qi’yabié?&dthﬁn-ﬂp'eé@l@ént prefkabbl Fuiweld1dduerse
during the strokhn%wlf this feature is avalla .€ i_n _the machine sterlq%
&Y

systen1 Bei nd e 1 [ U215 TR | 2P SATERSSE A 09 Kind
appli cati ons beeddde at sl e‘angteheblopkra];&ﬁ 5&1@au$@sspmadvmdl§:ulrattd”{e

Stro N SOt halh, GLeALel Nan dik oo 1AKA ol ACae e EEITAbTock! AGHS

t han ot her nversely, ort t wel I trmes t ess Roni'ng
will take pl acesatmtghetlpmvﬁhofthd\ﬁeﬂlooprhe'lee)ﬂat tdle QPRIP PRt GRASSSEO n

menu through a gsave option in block 182. At this time the parameters are

saved in the control memory accogaing td the save

parameter block 182. The recommended toql, block 161, is

displayed cn the screen, and the instruction is given to

install the mandrel in the machine, block 163.'Further

display instructs that a workpiece is to be placed on the

mandrel, the abrasive membe:.expand, block 164 and the

resulting wedge position entered into the control. This

establishes the initial wedge position. The tool retract

| block 165 retracts the tool to the initial wedge

— ' position. If an auto workpiece loader is available, then
"select part loader" will be activated, block 166,

Another block 168 labelléd "set stroke position” is

provided to enable the operator to establish the position

for the stroking. A Jjog control on the machine'is also

provided in association with the block 168 which control

enables the operator to jog the stroke position one way

or the other as required to estabiiéh the positidn of the
stroking relative to the bore. '

Following the stroke control block 168 may be an

optional "enter dwell tlme control which enables the

operator to establish dwell time during the stroking if

this feature is available in the machine stroking system.



bl ock 169 | abelled "return to the main nenu". \Wen the control is returned
.to the main nmenu the operator has the opportunity to reselect the set-up

- procedure described above or select the run or the diagnostics node. If he -+«
selects the run node he will initiate the procedures covered by the flow
chlart shown in Figure 6. The run node has an entry block 200 associ & ed
wWth a test paraneter block 202 capabl e of producing a display |abelled
"set-up error” or of proceeding to a block 208 | abell ed "make sel ect” which
gi ves the operator the options of again returning to the main nmenu or to

enter tool @QiRz2L@1Qr wg@m%TaLS@r& ,o_yclaregtg cause.the-yun cycle. for the
machine to be initiagted. If "enter tool conp" is sel ected, a block 212

| abel l ed " a&P@s‘tlcF'&r“f"lqna?e?)‘o‘és“vvi*FI 2FFes® to '2nSBFe SRS FPerfat B3
establish apaeweki nad @osilionnf ahd hetwdm 7 agssensed gk dhe pasifdpn
sensor 92. |f cyctlag{estar,t IS selecte a bl ock 214tl abell ed "begin run
cycl e" wi | PaPake %\ er K ar theeﬁéﬁrng opéF&ti on**hi & i 19°Efabl e the
st roke nechannymmexu'ndetn@orswom* otha Iglvedld 2tbnéabelHedltenablmnists oke"

and al so enghhg th&eSRi;Ade MAEGRANIZ PN Lol of a block 218, and the
f eedi ng up mechani sm 52 including the wedge 50 under control of a block 220

| abel | ed "enabl e Th@edeon¥Relpl btg& FEEUTRES, tandPoPd HN%| FrEPHERt dheous y

enabled to e:au&a tths rpaBélosal “ardusity Okd NELEDHAM OhehB®, SWhadl e take
pl ace. The fee wedge .t o lhncrease t he ugﬁ”lr,%’g’di aneter will also

occur to calS® ﬁ"8m r’fgj lrg%ugglee *8c EPepMAARY YRS Fr K i e
strik positpbpporitsndénseto reselielsd theolset-up procetiheef ebtbamibisi sensed

by the 838vesed}50§e9§c{:h%h3p'ﬂmeoBPMh'es éw&bycéh%odeRPMoS%w

44, and spin torque I's sensed by sensor Referrin agai n Fi giTe
6, a blocRelggss ah%leas%m go8¢ beociilbodnitiede | hhel |wce*aatps stroke
pos” covered by the flow chart shown in Figure 6.

The run mode has an entry block 300 associated with
a test parameter block 202 capable of producing a display
labelled "set-up error” or of proceeding to a block 208
labelled "make select” which gives the operator the
options of again returning to the main menu or to enter
tool comp 210 or produce a start cycle to cause the run
cycle for the machine to be initiated. If "enter tool
comp” is selected, a block 212 labelled "adjust for final

pos" will appear to enable the operator to establish a
new final ©position for the wedge as sensed by the
position sensor 92. o .

If cyclé start is 'selectéd, a block 214 labelled
"begin run cycle" will take over to start the honing
operation. This will enable the stroke mechanism 40 under
control of a block 216 labelled "enable stroke” and also

| enable the spindle mechanism under control of a block
218, and the feeding up'mechanism 52 including the wedge
50 under control of a block 220 labelled "enable feed”.
The blocks 216, 218, and 220 are all simultaneously
enabled to céﬁse the rotational and 'stroking motion of
the spindle to take place. The feeding of the wedge to
increase the honiné‘diaméter'will also occur to cause
‘honing to take place. During the honing operation the



provided for stroke position and adjustnent. Another block 238 in the
floyw chart | abelled "spindle RPM' is associated with a spindle notor
tachometer bl ock 239 | abelled "adjust RPMoutput”. This control provides
means to respond to the spindle RPM so that adjustnments can be nmade in the
RPM'setti;ng as required. Yet another block-224 |abelled "test feed" is
associated with a "disable feed" block 226 which is further associated with
t he spark-out cycle block 228. Operation of these controls will term nate
an operating cycle. The "end cycle” condition is indicated on the flow
chart by bl ock 230:whi eBsisidawist ream 41 oAy bloeks 234 -anth 286: 4rabel hesr

di sabl e stroke and disable spindle. Figures 7 - 25 are displays ,which

appear during niichi fé setZtp aRd SpetHtion. °Fhe Ent 73 - Tearg P& of & t buth
sensitive screescindlé t RPY¥ dontsmrnsiest day t bhiag -Kepboacd dréotdrei suitabie

entry neans my*?&%@@&'ns@%eﬁgnww@sah el ectronic display that
a

appears after the fachine is initialized for startup. At this point the
systemof units is sHeRTeNE FidfAE 8 13 diHFayed af ter thecByste ofnd
units are chosefssddidtis Polddkt lE23:et aufes, LuBelokddi agnastsesonvdepts”
The soreen has THE 1 GEhnd@® ~ B EG oot 8PP L3 Aot R "EH{ €5 CPRRET cVARERER "
"Enter bore | ergtdrk " EdBerisurhacef Yowi shar'tEntave cYabshapéhdargl®¥” i&ach
includes an assgolglffheq GGl o ?H&%X aSPHC € GRR BW LN 8h 48@Cha 39 OF
these paranatars entry neans such Bs"Fhe touch sensitive keypa uni t
shown Upon cbiptlekedn adiuse BRStowmyy" Fifke contmpel | Rrey s¢eayeeans
Figyre 10 disgdaysspshd tbyRheadlspimaller iRt 40 ther hanpdscddees apae of
mat eri al s tha.t n(aza(:we bJe.nh%Qietad’Rmmggﬂzing as required. Yet 'a.m.)ther block
224 labelled "test feed" is associated with a "disable
feed” block 226 which is further associated with the
- spark-out cycle block 228, Operation\of these controls
will terminate an operating cycle. The "end cycle”
condition is indicated on the flow chart by block 230
~which is downstream from blocks 234 and 236 labelled
disable stroke and disable spindle.
Figures. 7T - 25 are displays which appear during
machine set-up and operation. The entry means is of a
touech sensitive screen but it is éontemplated. that a
_ keyboard or other éuitable entry means may be employed.
— Figure 7 shows an electronic display that appears
after the machine is inifialized'for startup. At this
point the system of wunits is selected. Figure 8 is
displayed after the system of.gnité are chosen. At this
point the set-up, run, or diagnostics mode is selected.
Selection of the set-up mode results in the display
of'Figure 9. The screen has the legends:
"Enter start diameﬁer"
"Enter final diameﬁeyﬁ
"Enter bore.length" o
"Enter surface finish"

"Enter crosshatch angle"



is not |limted by this set,-up screen and it .is contenplated that
svarious other materials could al so be honed in which case an-override is
<provided to make the appropriate entries. Once the material S

selected Figure 11 is displayed. The user selects the hardness of the
wor kpi ece material fromthe ranges given.:if the material hardness S
dnknown to the user the "?" may be selected and the computer will déT%uIt
to a typical hardness value for the workpi ece material type selected. After
the hardness value is selected, Figure 12 is displayed. The paraneters
shown are either cal cul ated found |p | ook-up_tables, or inputed by the
user. It is éoﬁ?enﬁ?aféd t it *3t hat * pAF afet af 8- ni&y - hé dr§pFayeaeon°Fﬁ|s
screen in additi oA+t enftkgseasiowy, Sueie asaspackaoat chrmegihTheeoparaor my

choose to sayg, QL gQL; L1 hepg.Pasarpterscatter feview Upon %QLgCtLanOf t he
"Save" options, _the machine _executes tﬁe settlng
par anet ers. ¢?mrserh%6r?anP“?0*%ﬁe prerant L fﬁvéntvonatﬁaﬁyhﬁgﬁdef t he

machi ne paraneterslgﬂgacaiauldggghgygfu§£<1:hg;aggnatg@tQ@W@Qg t @ ;d0ge
anyt hi ng but, e initial gntr Furthernore, once t gachlne has

made its calﬁﬁ?%fto ® tha 2onPut Bt eﬂ%? Fhe*dberdt ore §apeduphPHE REchi ne
to do the igobnotNo 1lilniched d@w|c9hlhas sesuclh capalkdd tiasi Thus tbe

Present COMAK S SO L) REARS MG olniheqlBbags Lhalo s o pge,

requi red of e operator, does so expedltlous curaf
Figure 13 ishenragpl ayed'belqubrc%% aBaQ¥eTBHEL OAS| ProIsEd ‘Clmem:%)ﬁaeraher i S
pronpted to DhpeEdp ﬁﬁ@téqgﬁtﬁﬁgglayed in the splndle assenbly The operat or

is al so pronpt to ace a mork ce on th and to g the
wedge to expand ﬁhﬁ? Q’ &  dBTRST suFfac%eﬁﬁ? coﬁﬁ&@Feis #hdelﬁnth

t he wor kpi ecki st eyedi gThe uddr i se et ayeite aiiziﬁdnéshe of\etpe haskpeese] 0gged

to the init in?alté@:gagf P?éﬂnt 'tRQ rlgig%sdigleJeqy. dil.tSpJ:f%g material hardness
is unknown to the user the "?"'may be selected and the
computer will default to a typical haraness value for the
workpiece material type selected.’ -

After the hardness value is selected, Figure 12 is
displayed. The parameters shown are either calculated,
found in look-up tables, or inputed by the user. It is
contemplated that other parameters may be displayed on
this screen in addition to'those'shown, such as spark-out
time. The operatbr may"choose to save or edit these

 parameters 'after reView.'.Upon selection of the "Save"
opfions, the machine executes the setting of these
parameters. It is important to the present invention that
most of the machine'parametérs are calculated without the
operator having to do anything but make the initial
entries. Furtherhqre, once the machine has made its
calculations the computer, not the operator, sets up the
machine to' do ‘the ij;' No " known device has such
capabilities. Thus the preéent computer control means do
most of the things that were once required of the
operator, and it does so expeditiously and accurately.

Figure 13 is dlsplayed after the "Save" option is
chosen. The operator is prompted to place the tool

displayed in the spindle assembly. The operator is also



<

thg operator to choose between manual l'y | oader workpieces or an
aut-omatical |y | oaded wor kpi ece systemif such a feature has been installed
on the machine. Figure 15 is displayed to allow the set-up of the stroke
p03|t|on The operator is pronpted to align the front of the workpiece
bore~ Wlth the front of the abrasive elenent on the tool. The

m cr opr o®essor can cal cul at'e stroke position fromthis reference point. The
di splay returns to the nmain rrenu shown in Figure 8 after this entry is
made. Figure 16 oi _N_dlsgl ay |f t he "Edlt" npde . from Figure, 12 was
chosen instead Df the *saver~fbde "“The "dl's“m ay shows sume’ 8t the: °% £
cal cul at ed par et stahieetracan tihentbeledictred - by tehe oper atoril | fod bact

oper at or choosesg ti, &didi & PHANE L1 44 wssoci ated edit screens shown in
Figures 17 - 22 appear on the display unit. (§1anges are allowed through the

nunber keypad shown OrEiTfesd *sciBerfs SR cErittdi™n §afe DRRY At iFAG | PRFRS.

After the desiraskgshi t1so afiee Nadecidme wdécsg:& ayogetwms 1:9 flﬂwslsle 401 @4 ow

t he operator to save the ch e e addi ti onal, Aft set - up
is conplete the” a?% SLi°o°§ T 5 et SHowh aﬁ%‘r—?gur P78 r un
node is sel ect ecdraad I%,lgmma@?,:ab.sdl iphdydd wgdgt giciconsghteke {LyahehStart "

initiates a honf&gt‘pxyé:l glfn Oﬂﬁ ed’raa/n alisp [k ,{g nor adjustments to
IS dis

t he machi ne paraneters ay such as stro adj ust ment and t ool

conpensation. This |Fslé‘1‘el?fesé§r 3}ssd13t5’r¥h1ta5f% bperdtor c"e?FP— nBRE-4Ri todb| Ehe

adj ust nents to cormansabeitebnt 00theeape8abofon sOtfrasnwnsli thons itdat«waé ght
produce i naccur C|es of, F??elrjre 24 i s di sdpl ayed ., af t the Start”
e

shown in Figur Kpigce “t&Pe, “BRd EFSEQ r%ﬁov‘eﬂ“’
r at e/are aili ndabzaa:sadfat tetle nteay: ofont hehescteen. Whth mibeocapprepsbat ecan

!ﬁigtsi”gls Bel ovg 4 NG5k 0@l 4850k & Bofl BPLAY £Qbnt '%%ﬂé_’e%%erer%oes' 34 80 . ThEe
display returns to the main menu shown in Figure 8 after
this entry is made. | . ) _

Figure 16 is displayed if the "Edit"” mode f{from
Figure 12 was chosen instead of the "Save" mode. The
display shows some of the calculated parameters which can
then be edited by the operator. If the operator chooses
to edit a parameter, the associated edit screens shown in
Figures 17 - 22 appeef on the display unit. Changes are
allowed through the number keypad shown on these screens

.'_w1th1n certain safe cperatlng 11m1ts. After the desired
. edits are made the display returns to Figure 12 to allow
the operator to -save the changes or make additional

changes. ' '

After set-up is complete the diéplay returns to the
main menu shown in Figure 8. The run mode is selected and
Figure 23 is diéplayed._Selection of the "Cycle”Start"
initiates a honing cycle. The operatof ﬁay’ also make
minor adjustments to the machine parameters . from this
disblay such as streke adjustment and tool compensation.
This is neceseary so that the operator can make suitable
adjustments' to compensate for tool wear and for other

conditions that might produce inaccuracies.



and the final wedge positions are indicated by arrows or |ines
fappropriately | abelled, and as the wedge noves in the mandrel, a | ocator

i mage continuously indicates the instantaneous wedge position. The length s
,of the entire wedge travel display represents the total range of wedge '

travel for the tool recomended. Bel ow the wedge position display a oar
graph which displays spindle load is shown. It is contenplated to
display spindle load as a percentage of the maxinum allowable |oad
for the recommended tool. As the wedge noves to its initial position, the
load will be at &igear Zerimz dEssgleerwedgd aroves: fsomihecd mii‘alypbsition
to the finalgQosid i t.he. |l oad_w.Ll si-ncrease. .and -assune a_larger, val ue

whi | e honi ngs%%a‘k“es s([;”{1)5&'0{2. 1'O1§é"¥¥ﬁé f'i'ﬁal“%i ei’rf%’feff‘? s""_r"e‘hcﬁ"e‘cl‘,g'g% ‘s%gér k- out
period will angkes pPelEe PRAOMEIIN 13 spradPe il catE W@t 12 dedfedse umd |oft

agai n subst aiMd algbfee®AChe@THAl tRE NEH - AR Qte BRIEQW: st hess$piNdl g4 0ad

di spl ay information re a.rdi,'ngvthg i Q- process bore_size, nmachine status,
final bore si ,esbyt?eangh‘bse‘?_*,af"ana cySPe 1997 i 2%t EpPRyed 2eAI +7 0t t+hi s

i nf or mat i on argl cdruf bdabyweleenposdpioasssore dinding hwhimg ofreachopart
and is for t onyenj. ens. s e ghKator d..fot. recqrd keepjn

pur poses. Iltrl%e%'s %‘gﬁié‘gﬁvé {.’%5'?hz%ta%'ﬁgﬁé%E:idntar_r‘ia)d{‘| W ?ﬁﬁa\7% %rﬁe nl';e‘ﬁogl tgnt o)
conmmuni cat e bhiet maxdeehal adehdeedPsuthede somdiinubpsdy, indicasteoonghrer, or

aut omat ed mMytrtsaleMandld Ngede¥i GRS i Alod NeTrBd Rinddie Bonivag cycierd he
di splay returns to that. shown_in Figure 23. If the bqre dianeter of the

( f
honed wor kpiHE0ES LAY LHSBEIT aF EPFPBANERe th8siHOSR Y i TRvFR P LI aRE R r
t he oper at ort napAe Jadjaisttié Nado Watgmasidddn Bdimougle wsad et padii ©fon he W,

1 O LI, STHS G Sultd N R LY Sl T
returned toIta sp$r eoptemplpteRyi giozr displagppapéndlehatlosde sequence of
di splys shoypricenQalge. ongr emeadi Meiy iGfur Nea BES w1 &Nd 164y PrGedugs.
recommended  tool. As the _wedge' mov;s to its initial
position, the load will be at or near zero. As the wedge
moves from thé initial position to the final position the
load will increase and assume a larger value while honing
takes place. Once the final diameter is reached, a spark-
out period will take place wherein the spindle load will
decreasé until it again substantially reaches at or near
zZero. :Below the spindle load display information
regarding the'in-pfoceés bore size, machine status, final
bore size, cycle number, and cycle time is diSplayéd. All W/
of 'this:'informatioh is computed by the microprocessor
during honing of each part and is for the convenient of
the oﬁératdr ‘and for record keeping purposes. It is
conceivable that the control will have the ability to
communiéate with external devices such as a main-frame, a
microcomputer, or automated material handling devices.
At the end of'the'honing cyclé the display returns
to that shown ‘in Figure 23. If the bore diameter of the
honed ﬁorkpiece' is found to deviate from the desired
finished diameter, the operator may adjust final wedge
position through selection of the "Tool Comp” option.
This results in the display shown in Figure 25. The



Gt her information may be solicited and nore paraneters cal cul ated as
necessary to achi eve desisred surface finish and bore geonetry as required.
Imteraction with devices other than those |isted is also
contenpl ated and desirable. Thus, there has been shown and described a
novel cogputer controlled honing machine which fulfills all of the objects
and advatrit ages sought therefor. It will be apparent to those skilled in the
art, however, that many changes, nodifications, variations, and other uses
and applications of the present invention are possible, and_all such
changes, nodifitatTdnsT VaFFatFonse amd Ot Her-(88s and appl icat i*dnsSHif €n
do not depart fromrébeispi sid Andrscopesdfitt heaéniention anevdeenedigorbe
covered by the javention which is |imted onty by the clains which follow
C L M  $* 27 CLAALMS 1.  Control neans for establishing, setting
up and nonitoring opktafisn@aERHEAN ovka bf taemschiuteadeoalf adistlaper apesaon
the surface of iisV‘G“ﬁ?' 868 AR dTReRN® & 00l haWi DG NREAI PE,CQPLEQK ST a5,
thereon the control of which is based on the entry by tﬂhe machi ne oper at or
of Dblueprint inPbReht & °é'§‘9ttd°t"'he“%\?6r%ﬁi e%‘é“i“ﬁi:Fé‘di ARG PO hefEoR™a52t8 a
begi nni ng surfacglsiyeted dsnpbcsssdneersizesiand Lhe:iwoikpi:ecacanfeniah
conpri sing conput er, neans_oper.abl e on_the.bl ueprint_ information entered by
t he operator an%m?ogﬁrl‘]p Lo dar & 1 SFIRIACT Ol I‘i‘h‘gexi Te 65t abf ?%h?ﬁb,‘”es
setting up and obmeét or thgnof thuseopekidtenh of st halcont rodsténpiabeéd nasHi ne
tool, input neagssoperdlively connected to said conputer neans for
inputting the blueprint information entered by the operator, data storage
meags, operatively cohrett ed¥ed e B2 c HREH eF EAEAN S or 488 6F E R§ldA anovel
i nclTdi ng | 00k épnpabde dahdrosdbd BOHRHEChaERANS Ufiith thelfDpus ALoeprint
I nformation and, the stored | ook YA.ARhELYAA M CALRLLEEE OPH ALY be

~ apparent to those skilled in the art,\however, that many

changes, modifications, variations, and other uses and
applications of the present invention are possible, and
all such changes, modifications, variations, and other
uses and applications which dd not depart from the spirit
and scope of the invention.are deemed to be covered by
the invention which is limited only by the claims which
follow.

U



. . A
tool including selecting the tooling to be used for the nmachine tool, said
cal cul ati ons bei ng i ndependent of further actions by the operator, and
conput er out put nmeans operatively connected to said conmputer nmeans and to *
t he machine controls to set up and operate tn "' “luunls to .
establish and carry out the machi ne tool ope mﬂm Iumm . 2. “Gontrol
means according to Caim1l wherein t machi ne t 6ol *i s*a hordi ng nachi ne. 3.
Control means according to.:Cl aim?2 erein the nachine controls include
meansqf ggmadj usting the honing diameter and range therefor, nmeans to

estabTTsh nmachine operating RPM stroking frequency and | ength and
oper aling Fontirod. mea@sntficyl eatablisddaali mpting tv2randnmonttorings 2 and

3 wherei ae bl uepr.i.nt i nf ti isncl yde Kpi.e It ial _angd, fina
bor e psBatifee kb ond G Rpracrifg S5 188 L pdrlnds o FBE' (e
oper agugfatk af NRChdFIpiecd, e Machine dolohavdhbemaehinengagtpglgenber
I ncl udi ng neans for expandiggithe di aneter of the work _engagi ng nenber,

meanstheEpeRsthe ¢entrel eathish dg Rased or TR eRhwy &gihengarbaber and
Means oHLerRERE! ¥¢ &)Queggih@agntflggg\ﬁeﬁoﬁngst Lol Eﬁed{vaﬁn%§éceh§ﬁ89ﬁding

conpriSing: conputer ans 1 ncluding conputer entry ans for the entry of
bl uepinficruatidoasascta avbeginmdanahavrfigce siuzéace fiimale supdegecdian, by t he

machi ne .t pol , sai d.comput.er_neans incd udi t or.age s fo ri.ng | ook
ip raBrd B oy RREPLACEIA Fin T KRt g bR R abBraad 5, e
machi BRet @lludpasiert ointdmdtimpr énteféd abgnthecdperdtivy earid y188RNapby a
machi ne_operator and on the | ook up table information stored in the

conpuf@Pi8t fafe AEENCIFRIMRS the RFAREISHNT caPehalg (YR 8per ati@
condi hbﬁ@%o&‘ihgfqgtf r%ﬂ\e! BRetRe i8RESH | @fe OF o) }Eﬁo'ﬁclrf'd]:e éé’iﬁé- _m@chin-gﬂ_e

means to contro Claim5 wherein the machine tool is a honing nmachine
havi n§oad , exdppudaieansamireatat ively enmacted t bo coaidotopputezi meansher ei n

the blyent| ot kg EALKFTabPLRe NS SAMSH SHdYed s Rre SpedgRcy T U @

data storage means operatively connected to said computer means

for storing data including look up table data, said computer
means using ﬁhe input blueprint information and the stored look
ug table data to calculate operating conditions for the wmachine
toel including selecting the tooling to be used for the machine
tool, said calculations being independent of further actions by
the operator, and computer output means operatively connected to
said computer means and to the machine controls to set up and =
operate the machine controls to establish and carry out the ~
machine tool operating conditions.

2. Control means according to Claim 1 wherein the machine tool

is a honing machine.

3. Control means according to Claim 2 wherein the machine
controls include means for adjusting the honing diameter and

range therefor, means to establish machine operating RPN,
stroking frequency and length and operatinglloéd.

4. Control means according to either. one of Claims.z and 3
wherein the blueprint information includes wefkpiece initial and

final bore size, bore length and workpiece material.

5. Means to control the operation of a machine tool having a
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nmeans for a machine tool having a rotatable and e gaglng
nmeénber having an axially tapered surface .and a taamﬂeﬂ
engageabl e therewi th and novabl e in surface-to-su 0Nmact theremnth
for changing. the dianmeter thereof, the pachine tool having neans to rotate
t he work™&ngagi ng nenber, neans to nove ne wedge nenber axially t o change
the di anet er rk._en nber S _respon

Forat ! onatS kel S SEHE I BeRE el BERRRCTYE SRdtRine sheu
in prOpordi&ﬁetéﬁrefOth%ndsz@%g‘ﬁiﬁ@&hmﬂaé@,Hﬂ&ahﬁad'eepohhﬁv\eorﬁb the
engagi ng nenber when the work eng%glng menber is engaged with a work

surface, $PRedmPRHyaRERtiIhpO e cWABkt cPNARIARI OReBReRD| 3G Reank
oper at i NOr£HPGHELPES tPT the er%Qf“ PRet8Oh idMd Uéb”&r@saihﬁheérccﬁﬁw@éf

nonitor means and conputer information entry neans where an operator can

ent er oonpt iepngnt i nformation as to the wor kpi ece, sai d conputer neans
generating at |east e
act uabl e neansc?%P% $ i ?35;%9é§4é§ﬁﬂ1 QH%%&SHE% bfggbéﬁénéntry

i nfornmatien @luleprink V@dtdi ase umchudﬁdig:pim agat Ondg nNiat | fhrf@ck o fivee
di aneter, final work surface dianeter, work surface | ength and workpi ece
mat eri al ?E%?%H?ﬂg°ﬂaPMn§§§ naghine &oedyi Said sgmputenmpans ing

havi ng aé‘t@?é Q&1 RdShs dAd A e}f&fﬁﬂf 1FANSp! eabwihfar}naekoﬂpaﬁab,héaﬁ@t@o and

i ncl udi ng software nmeans and an output control. connected to the machine
tool for establishioperakingerenditiogwdicr ghe hechihe taoki hasedobn sehed
up he rin ornmation.as t t he wor kpi ece data ent.ered into
consttor BhYPoEHEk AEER RSN p bt SRR R T D AREHEE e rtol,
| ook up t&bcheo@batﬁasmekr@ipattwpé ipgegmat ibhe swyre@ndagithe mamtaﬁd
as to the position of the wedge nenber relative to the_rotatable work
engagi ng ge mpans Exam yhigbahRe KAWLy 928 eraFHLEtanERE| PPeFRE1Ng

machine t@ohaifianBOPbPIBREDLIPINGVERE Bpiphelah! sragfiechRandAL! eoBRNII €l

10. Means to control the operatio oni ng nac i ne having

6. The means to control of Claim 5 wherein the machine tool is
a honihg ﬁachine having an expandable mandrel. _
7. The means tc control of Claim 6 wherein the blueprint data
entered 1nto the computer entry means includes initial and f1na1
bore size to be honed bore length and workplece material.
8. Control means for a machine tool having a rotatable and
expandable‘work engaging member having an axially tapered surface

o/ and a_tapered wedge member engageable therewith and movable in
eurface—toesurface contact therewith_for changing the diameter
thereof, the machine tool having means to rotate the work
engcging member, means to move the wedge member axially_to change
the dicmeter of the work engaging member, means responsive to the
rotational speed of the work engaging member for producing a
sigﬁal output in proportion thereto, and means responsive to the .
load on the work engaging member when the work engaging member
is engaged'with a work surface, the improvement comprisihg:

- computer means for establlshlng'the operating conditions for

the machlne tool 1nc1uding associated computer monitor means and

computer 1nformatlon entry means where an operator can enter



¥
a mandrel with an el ongated substantially tubul ar abrasive nmenber having an
end-to-end slit therethrough and a tapered inner surface, a tapered

adj ust ment member positioned in the abrasiv l “g out er tapered'
surface in surface-to-surface contact with mmm‘mu of the -
abrasi ve nenber and novable axially therein te adj ust "thé di aneter qp t he
abrasi ve member, notor neans to rotaje the mandrel, a first sensor
responsive to t he speed of rotation of the nandrel, asecond sensor
reSpOBihéﬁr&ﬁtt@%ﬂd%%iﬂ%bﬂfEsfEH“Eﬁ& w@ﬂﬁpﬁeé@'rQai&”éQmpﬁﬁéﬁoﬂéhH% to the
axial position of the tapered adjustnent nenber relative to the abrasive
nmenbegeneratingr ke eastc ons isath@p semasne onmidies Mandtan meatvhput er entry
means for rig i g as to

t he |n|t|a?DB ng%h na%ytcon ﬁg%ﬁ%f ’P_é \%(lg'r %pl elgjtetésjﬁél?%c {ng‘gg gﬁté: sai d
30 compaherthunhnueprintn@nﬂarmatﬁonags|tnnthéowoskpnecg hncﬂuddngable

machi ABERh@RICER g IEGRaL, MPHCEUERRORT AHARRLEE 1 & HAT repBk) SHESA% o

honi ngigRekere K %m&m:?éﬁ” &84 W&kﬁﬁécéhﬁhtééﬂahe iRcacadngn the
mandrel based on the bl ueprint ta entered In the conputer entry neans and
t he | bakdngssablgharactex bskirs n tﬁéléonﬁ?ﬂwtﬁormnﬁaanba‘?bﬂgcom oI ling
the o s f e F e} (.
roans SEEOCdREed) opS BEBIrHBeTREZNACER ot0 Ma NI P RIS Bptank T, (1
conputiaeloddng smfftwdee Means @ndgahToRtput EBNtraln cblmaea:ltreﬁs rtpetmimber
engaged wi,t h the work: surface, for a predeternjped ti nE knter&% t he _
~ concl BeFBANG: toXo ity SHARL IR tRe eperatingdsgenfitines PEplt@(?e anb
to brpaenihe WD BgeedUriFse BRENG KRG At ﬁsoi-maahoal HEtep He
surface finish. 12. The neans to control the operation of a honing machi ne
of ei WREKPdREeofdatianj ertavedninto Wher slomputer: @Rty rmeans sndr g&aneans
conta ok._u a d I t ff.arent
typeslsg rr?aat glnl gPL ?nge onegg #%éﬂghléggnié%&ngn%gf%%%%%atﬁe cﬁﬁe*raatlon of a
honi ngomaeitatdcafal speed of the work engaging member and as to the

position of the wedge member relative to the rotatable work
engaging member. ' | o | |
9. cOntrol neans accordlng to CIalm 8 wherein the machine tool
is a honlng machine having a rotatable and expandable mandrel
10. Means to control the operatlon of a honing machine hav1ng
a mandrel with an elcngated substantially tubular abrasive member
having an end- to-end slit therethrough and a tapered inner
surface, a tapered adjustment member pos1tloned in the abrasive
member having an outer tapered surface in surface—to-surface
contact with the 1nner surface of the abrasive member and movable
ax1ally therein to ad]ust the dlameter of the abrasive member,
motor means to rotate the mandrel, a first sensor responsive to
the speed of rotation of the mandrel, a_second sensor responsive
to the load on the mandrel and a third sensor responsiVe to the
axial p051t10n of the tapered adjustment member relatlve to the
abrasive member, the 1mprovement comprlslng. _

computer means’ 1nc1ud1ng computer entry means for the entry
by an operator of blueprlnt data 1nclud1ng data as to the 1n1t1a1

and final conditions cf a workplece surface to_be honed, said
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any one of Clains 10 to 12 wherein the conputer program-means i s programred

to dettermine the duration of tinme required to hone a worknpi The
means it o control the operation of a honing machi nemﬂ“h\ﬂ[‘!ﬁgﬂgf“ ains 10
to 13 wherein the conputer program neans is progr arimees abkl i sh
accept abl e ranges for honing dianeter. ¥y The neans to control the

operation”of a honing machi ne of any one of Clains 10 to 14 wherein the

data stor agmpueapsmeankains1hagkgulatabkeodaya neahs tbe L¥eeiny 2BORSUYES
to be used. 16. = The neans to control the operation of a honing machi ne of

any one ofablgi fateoand pProgrameineanfe tomstarlbibhPrerating Fendibiensmed
to establ H6E fs | Qb cting *.31
17. Cont rgﬁgngg%s ﬁ}ognlriln %%ﬁg‘e%c@%]ﬁlﬁn ng acﬁlo!}[%tgﬁ etllf.:r%endcr’%/: m?ﬂ?fﬁ i ng
an expandsbl ketismstakledcdn sheahoningbmashime rowb&hehmakiguanpexnassyble
tapered igner, surface and a }apered e_nmember. having a wedge, surface.in
surface t °§8r §@§ c?(?ﬁ‘[ gﬁ Q\j‘? & [ hgn},\ﬁﬁgr m?ﬁ&&e ﬁ%%e”h\éf‘é%i@“ﬁﬁﬁbﬁ?
and novablataxiedlteyedn inh&nabicthipit et rdiftiry Qledisignd chdeldblrMepetable

t hereof, the honi ng machi ne having nmeans to rotate the mandrel,_ neans to
nove the #8&de Shomssy igxi the ycoBPRhgRgStorage Aadns 9T (FeNEFPLLING the

menper, rrsgam%poeii ¥he! Rohlif r%@h&%%u%&%%“ a® h‘iﬁg”%@&r%ltifo%.
produci ng .a signal output in _prgportlon t heret o, and neans responsive to
the | oad d&.t hFheameéraels wWwoercdntradbrids \aperatibiaon i of emgageingi machhnewofk

oper at | onCORPNEOHRTRG AcERE oM, RS OGO R, feaR8 BEOaF 2 e E8:

neaps, anglaiiftaiiBithen apiiac v aitinbeifli shHUEUI It HEENS @erker sukpgcat fbeast
one Set up screen on t he ITDI’II'[OI‘_' nmeans, neans to enter 1pto t he entry,rreans

wor kpi ecedd RELISHSTRANRA dhiBeasintenvR) | aF fbie SoRFheelienmaftt &, hPPARS
v oo BREFEABE £ rUReyRLERaRdgndll cHECUBRKgbESSFR. el Bihie Ll 1
workpiece su:faée being honed to its final diameter and surface
finish. _
12. The means to-control the operation of a honing machine of
either one of Claims 10 and 11 wherein the computer data storage
means contains look up table data including look up table data
as to different types of materials to be honed.
13} The means to control the operation of a honing machine of
any one of Claims 10 to 12 wherein the computer program means is
K,f brogrammed'to_determine the dufatioh of time required to hone a
workpiece. .
14. The means to control the operation of a honing machine of
any one of Claims 10 to 13 wherein the computer program means is
pfogrammed to estéblish acceptable ranges for honing diameter.
15. The means to control the operation of a honing machine of
any one of Clainms 10 to 14 wherein the _dat;_a storage means
contains look up table data as to the typé of abrasives to be
used. | : _ .
16. The means to control the operatiqn'of a honing machine of
any one of Claims 10 to 15 wherein thé computer program means is

programmed to establish aéceptable ranges of mandrel load.



storage neans including software nmeans, said conputer neans establishing.
the operating conditions for the honing nacthe—based—oﬁ—rhe‘d‘Ta ent er ed

into the entry neans and data stored, includin nandrel *
rotational speed, and a range of novenent for M“ﬂ&“ﬂ the
conput er means further includes neans for pro r<€en on- t e

moni tor means to indicate the operatsng condltlon of the machine during a

honi ng operation, said run screen including neans to indicate the position
of théﬁ-ap@oed:meldgmenreﬁbefor eleathoring meshdbveashavingnb®r rateataddes to

non! nEeREeh A TR 4, SPRE SR CPIBLERE) nath, onPRlpY TR o

wor k m&g\wlrngxahtx&}laﬁ axid Ienbeperedi ignap @urzfldcye tam:rad tapeatessur f ace
and a tapered vvedghﬂg}rrber havi ng a wedge surface in surface-to surface-

cont a¥E4@e; RepRer| ng R (WRATS SUNTACE AR PYEL AERLE? sd%ﬁfafﬁﬁlé’(ﬂré‘aé’)& ally

in theidhr 8RbVEnHEFSGr£QEe “6‘@%1] Qbs:'gg:LQEaﬂgﬂlSértm %Hvaﬁ{l@ a*ilﬁgi
machi ne having neans to rotate € ‘nan means to nove t e “menber

axi al |1y1 tthe abrasive meabererfoo'r ghenainasthe dénbeteratherepfsem

drel d |
out pubePiTg: BRsRrE aare sealRcts sekafa Bt ARt LOIIYE B B¥e0ad on
t he mmér e:ledgieememerahrmmq; i Titlange &hgadddnstidr dfe the laragiaee for

produci n signal output in proportion theretq, the jinprovenent
Conpr RERIEE o mAGS AT Lish (50 e § Q5L Lo SRS R (Hoeh AN Schi ne

| ncl UgioRd RRRIINY & L1 GRIP UbGED HP”{LE%réBQr&BH”EHE%Etb”f P el ry

devi ce, Sal d corrput er generatl ng east -one. set up screen on the nonit
means respans ive ém etrhe nl@aql hen cbhgumendmtlr yheevn:hs bbrasiiviet member

o anoie SRR Y, e R Sl e o e R an it SR s B e

characteri s:bmte&heaeanmlﬂdr dditﬂxtﬁilmqa ﬁhmlopqraialofn sforaee Hoinde

stora gc%&nLPOk éﬁ&é&i& dgggogggted computer monitor means and
information entry means, said computer means generatlng at least
one set up screen on the monitor means,

means to enter into the entry means workplece data including

data as to initial work surface dlameter, final work surface
diameter, work surface length and workplece mater1al including
hardness characterlstlcs, the computer neans lncludlng data
storage means 1nc1ud1ng software means, sa1d computer means _
establishing the operating condltlons for the honlng machlne o/
based on the data entered into the entry-means and datavstored
including establlshlng a mandrel rotatlonal speed, and a range
of movement for the wedge member, the computer means further
1ncludes means for produc1ng a run screen on the monltor neans
to indicate the operatlng condltion of the machine during a
honing operation, said.run screen including means to indicate the
position of the tapered wedge member'relative to the abrasive
member and means to indicate the instantaneous load on the
mandrel. | - D -
18. control means for a honing machineh having a rotatable

mandrel'including an eXpandable tubular work engaging abrasive



associ ated software, said conputer including neans_for._establishing
t he operation conditions for the honing machi ne based on the quegrint dat a

eftered into the conputer entry device and the | mﬂ‘ﬂt“‘uﬂ in the
conputer data storage including establishing a nq '““ g speed and
a range of nmovement for the wedge nenber. 19. Conttol®¢ méand for a honing

machi ne @ccording to Caim 17 wherein t A& conput er nmeans has out put neans

operativ conn tqQ. the I s fo i ng.the t red wedge nber, . the
means toeilr‘%lf%% ﬁ%{e'fﬁgn%f‘eléx‘g%m h%a#rsg% rlg’?ﬁgns%"gnge 1T t?l’égl SadaBFRet
mandr el . wédge Caielmbelr nRavingora awedgengsuptdtca e inc coutf 8¢et toeidrfadue

* C L aims 17 and 19 wherein the conputer has

M * 3 f cl
pr ogr am r@%%a_%fpérfrslém mey?iegﬁﬁgevﬁﬁa% o DR ALRESANEHTARDEF A1 Ak
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operation-when the mandrel | oad exceeds said established maxi rum 21.
Control rgkeshoning machine aning means dngaotatathmaandli mears to

The manari 74 ofhe” SARd onPREZE !B Adll S VERRROS EHR A FreERET B e °

mandr el adsrddieveonkmberf,ace Sirst!| sehsormkspransivectodthe nestest fonal
establishing a mandrel stroking |ength and a st{roking freguenc

. 22.
Control rRFRA S theFANY Ha Ot PrRENGANGNE E498AY FHEPYE 1B RLRPOELLLN 19

1o 21 WhepdFetde RRRANEARLRHEDUsEhsdP! FeBPOREiNG A dthke TBddConNathe
sl ot formed therethrough extending fromone end to the other end. 23.
Control reamdrébwhermdhiengbirasivecmanber disenaaged with thecwerkssuwrfagel 19

respohse T obr R AT o " EhoRgL T BUSRSE: iRe hhRRREF AR s ngE e b or (ST
t he work fmgfowemer¥. céiaptisingeans for a honing machi ne according to Caim
17 wherein t hea h(c):rc]:imrp]: trgi_c hai‘:‘gz(? ré%%t%oll%ai%gs-eggg ' oi)%srg%g%inveo% Otthrc]ae honing
- machine ihcluding an ‘associated computer monitor and a computer
infofmation entry device, said computef'generating at least one
set up screen on the monitor means.
means to enter into the computer entry device blueprint data
including data as to initial work surface diameter, final work
surface diametér, work surface length and workpiece material
including hardness characteristics, the computer indluding a loock
up data storage for the storage of look up table data and
\_ associated software, said 'computer inéluding means for
establishing the operation conditions for the honing machine
based on the blueprint data entered into the computer entry
device and the look up data stored in the computer data storage
including establishing a mandrel rotational speed and a range of
movement for the wedge member. ' '
19. Control meaﬁs for a honing machine according to Claim 17
Qherein the computer means has output means operatively connected
to the means for moving the tapered wedge member; the means to
rotate the mandrel, and the means responsive to the load on the
mandrel.

20. Control means for a honing machine according to either one



| oad on the mandrel. 25. Control neans for a honing machi ne constructed
arranged and adapted to operate substantial Ty asteretn—before descri bed

with reference to the acconpanying draw ngs i ne tool conprising
cq_ntrol means according to any one of d ai rrummﬂmlmﬂﬂ"””' -
..
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of claims 17 and 19 wherein the computer. has program means
operatively connected to the honing machine and programmed for
establiéhing a maximum load on the mandfel and for aborting a
machine operation when the mandrel load exceeds said established
maximum. _ _
21. Control means for a honing machine. according to any one of
Claims 17, 19 and 20 wherein the honing machine includes means
operatlvely'connected to the mandrel for producing relative axial
movement between the rotatable mandrel and the work surface said
last named means ihcluding means fqr establishing .a mandrel \‘)
stroking length and a stroking fregquency.
22. Control means for a honing machine according to any one of
Claims 17 and 19 to 21 wherein the expandable tubular work
engaging abrasive member has a slot formed therethrough extending
from one end to the other end.
23. Control means for a honing machine according to any one of
Claims 17 and 19 to 22 wherein the honing machine includes a
position sensor for producing a response representative of the
position of the mandrel axially relative to the work surface..
24. Control means for a honing machine according to Claim 17
wherein the honing machine has a load sensor responsive to the
load on the mandrel.
25. Control méans for a honing machine constructed arranged and
adapted to operate substantially as herein-before described with
reference to the accompanying drawings.
26. A machine tool comprising control.mean$ according to any one
of Claims 1 to 25.
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