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-1- DUAL FORCE RAM DRIVE FOR A SCREW PRESS RELATED
APPLICATION This patent application is related to provisional patent
application serial number 60/972,436 entitled "Setup System for a
Fastener Press" filed on September 14, 2007 and 5 provisional patent
application serial number 60/972,44 7 entitled "Dual Force Ram Drive for
a Screw Press" filed on September 14, 2007, priority from which is hereby
claimed. FIEDD AFFORE INVEM RN FHOR Ve STRBB®IHRESS a fastener
S [ electric servo motors for precise ram position control.
m&%@—éﬂﬁm present invention relates to a servo motor 10 driven
ranhib putegt &(ppﬁbatﬁ)h ighdaree @nstdowinete seneapiatois d1s8a6 A number

utch-type r|ve hanls and regulated by a controller.
60/97%7& 53 SRR TR o DO CHEREBRs 40P and

prows‘@ﬁtﬁr}ﬁtdﬁsgﬁpﬁeaﬂtﬁs&ﬁw nighbspe@d EuhightifleiceDlsl achievath€seve for
characteristics a smtqle drive unit is impractical as high. cost, large . 15

a SereghRISs e HAMEMRSRETIR Td e P STEartss & o YOUA AL M SWives a

FIELIpr@sspHgtmmpIﬁlﬁ)Nth a high speed approach to the pressing position
and then an insertion rE)ress to a high force at slower speeds provides a

siBtIRY Y ISRARME ARSI PERIR P ALz sl ik SRy oL or

precisSYaIRPokARANERIrYEI0aitye PRsitianl BNehiopeaaitthe aess ramdrinstalivo motor
fasteners to the proper force or 20 distance depending on the aE%catlon

driveny iy RAgRsRERTDE RIENGAGEAME Wdss Faivei oo S st qotich-bype drive
mechgﬁﬁﬁlgﬁd@éﬁﬂdﬂﬁﬁswcmrm% speed motor returns the ram to the home
osmon There is therefore a need in the art for a ram drive in a press

s and high force accurately and reliably.

Thﬁ@d@sﬁ‘aﬁﬂ@'&ﬁﬁﬁ@%iﬁ&@@f %%k!féﬁ@r@ﬁ%@%ﬁ%l@@%@ﬁig%@@&ﬂﬂqd high
press which is economical to manufacture and does not require

force. i ArdARY OSSR ERACTEY KN ARSI TH-HRINA AENITARYIRR R el €9t large
powem@(ﬁiﬁeﬁl&ﬁ@%@ﬁé@e iydestibehRRVEIHIsHRre SR dDventiaRaSotion

been
profile with a high speed approach to the pressing position and then an insertion press to a

GRO LN P AENLN B NS DM

high force at slower speeds provides a solution.

To achieve this motion profile, presses utilize a two-motor servo system to control
velocity, position, and force of the press ram to install fasteners to the proper force or
distance depending on the application. A high torque drive is engaged to drive the ram to the
desired force or position. After insertion the high speed motor returns the ram to the home
position.

There is therefore a need in the art for a ram drive in a press which provides both high
speed and high force accurately and reliably. There is a further need for an accurate and
reliable ram drive and press which is economical to manufacture and does not require
significant operator skill.

SUMMARY OF THE INVENTION

In order to meet the needs of the art described above, the present invention has been
devised. A fastener press, for example a Pemserter Series 3000 manufactured and sold by
Penn Engineering and Manufacturing Corp., as shown in Figure 1, utilizes a bidirectional
over-running clutch through which high force ram drive power passes. The clutch is

controlled by relative motion of two separate motor drives as will be described in detail
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devised. A fastener press, for example a Pemserter Series 3000

manufactured and sold by 30 Penn Engineering and Manufacturing

Corp., as shown in Figure 1, utilizes a bidirectional over-running clutch

through which high force ram drive power passes. The clutch is controlled

by relative motion of two separate motor drives as will be described in

detail -2- below. Bidirectional over-running clutches are commercially
belowaiilablei caanposenisningtc Ratisishef eoreagidlatalppbigontsbapag dnoets bk
. sur oundﬁd by rollers encased in an outer hup as shown in Figure 3. The
C"n“ﬁh?ﬁé? i) 8&@?%8%‘%??@8 PR OY RS WEBHIATE B ARLCH RBGRYEr Tipouter hub

as shoshafh Gapueéise theeouier Aub shaftiomsithecanplagkwisa@farate shafts. The inner
(%Iockwise directjon if 5 the inner hub shaft speed of roﬁgiqn IS

counter 3 . . .
hub shatt a0 SR e BEE PRSI L O AHUB S A8, CQPBIS GRS B lirection if

the inH¥RBOPYRatepetiitotitithiin isaogRg athandt ha@ues. hifeasutetaieh speed is
independently of the inner hub. The clutching action is therefore controlled

greatep fh{PanFS R0 SPERY O il drenensss aRTERFBITHOHRIHE! e

indepH@ME§SHOAMEXHRNEBRDL STORIEI ARHi e sPOAS e HERTB D RESIVEE BrNIbY the
speed/low force and low speed/high force o%eration of the 10 ram so that

relatiyq snsrd<fls didie Yeirp SR TSP BRANSHIS e AR PIYdd s 180 P Esely smooth and

respoHC HHRS oA BRMEAHNIEP L 15 QLB &Y SR s plaBIB PR FRRSSperation of the
disclosed in provisional patent application serial no. 60/972,436 of the

ram sq thabthepifssing BetlseainahiAt arde{Sctne arpdihlte ntphRtructures may
be usd@\ERIERE ISR i f6r Reastbaigrsieaddibabliee inyRRDbIRNSAtMiIEREIRation
its aé@)lication to the details of construction and 15 to the arrangements of

serial fi G8hFohehR €2 187K P fBfowing description or illustrated in the

digwyinesxpheminyeniondssapablighaiher @ rdiments aeechof PRING be
practiced and carried out in various ways. Also, it is to be understood that

undergfpod thashsisrxFaiiR s ANhBIBEY ki apelarErsiodhs ditate plrpoyeigtion and
to the de30iRHRA QA SouidNRlhe LRIMHRI AR %ﬁi@@i(%%ésmpﬁhﬁ%% akiledied in

in the art will appreciate that the conception, upon which this 20

the drayeagsydesBaaeniasrraliniginshstirrabpduneasiadief hstngdsngticrs and
carric@ QR BTHABIE S yReRRES AR b WSIRINS JRIaaHMIGE YIRS REMERAY terminology

purﬁoses of the present invention. It is important, therefore, that the

employledrAsTBi® AEg 408 8iF AT AhEcsEiRRtRADE IEhAE metrbe fissar drtkasd naiging.

they dpinqhoenarifiem the al@ié&h@ag@sa% afdhe PEeseIABKEREGN which this
BRIEF DESCRIPTION OF THE DRAWINGS
disclosure is based, may readily be utilized as a basis for the designing of other structures,

methods, and systems for carrying out the several purposes of the present invention. It is
important, therefore, that the claims be regarded as including such equivalent constructions
insofar as they do not depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front left isometric view of a ram press utilizing the invention.

Figure 2 is a diagram showing the major components of the invention.

Figure 3 is a top front left isometric view of the bidirectional clutch of the invention.

Figure 4 is a elevation cross-sectional view of the bidirectional clutch of the
invention.

Figure 5 is a graph showing the pressing profile of one embodiment of the invention

depicting the speed of the ram over time.
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25 Figure 1 is a front left isometric view of a ram press utilizing the

invention. Figure 2 is a diagram showing the major components of the

invention. Figure 3 is a top front left isometric view of the bidirectional

clutch of the invention. Figure 4 is a elevation cross-sectional view of the

bidirectional clutch of the invention._30 Figure 5 is a graph showing the

pressing profile of one embodiment of the invention depicting the speed

ofDhg cRIPOVONIOR TH3E PREBEHREIENBODIM PREFERRED

EMBODIMENT Referring now to Figure 1, a ram press 4 employjng the .

i SFFEEBH%&gWoRR/f WWHIER - hETHES R é[-SWQ O e LU oA By hich
includa® vikx Hagt isfresiprogallyupieasied H (et RefefpingMowipddigdreydam 3.

major components of the invention are disclosed which 5 comprise a ,

ST SPGB maa{efm@apasmwﬁm%ﬁﬂgws sieggovhich
compBMPisH atHadhinsRaecbmechroiti adtvatgscneda dTight iarQue sMekat.comprise a

Also supported by the frame, js a screw drive which may be operated in

high-sperd MAFaRRIAIG URIRS LA LBERE BAN-<Hse UPRSIET R ARS fime. is a
screwhiflive GHgioR s tdiopagaging eltiehdzconnastedierti high {peduemeiespeed
means which includes a motor/gear reducer combination.

motordRsans i BIRaER Yosiotisr g s pleteh dp epanerit mlﬁl&&s%&&ge motor

mean@RHitUs FRRNE I et 6/ laer R BYr Ve ThHR S CI WrabiN@nddd® logic controller
bidirectional clutch is connected to the main shaft of the screw drive by

regulajes,Bratigdhs orReRIgiRnddhtO R EBERA RIS R s Ve Ehe b Eerew

drive.laRea8REAHNShED GREBSSIDEhIRIQbLE: AL WilliRQEs6rRRG M Ave by way of a
particularitléwith regard to Fi%lire 5. With continued reference to Figure 2,

timingihelhy ddie fRgiG e MGodadgaiiire haaiaxearens of HorsEranage s ding Jeypressing
profilHREHYi It 8Lig SPREA SROMRAL BB RIS, RVl @mkpdiIfgntbeing the

commercially available device generally referred to as an
elBCHForABLAYSICAERsAtt Figie de IEPIREDFBr B e Hige actuator

whosdR8&R3IBpIIthAL &Sy RtaRal ishafide d aclrsPRRIEH i ehisanesoalRali8Bing the
between extended and retracted positions. That drive shaft is also coupleg

commggciplbypHatds diyispsvacariberrfersditers B flagtsmegeatieipgtor. The
devicd R IARSthRRAM a2 chichis RYpIgd dadha o RsaUs MaRbcIRE in a

clutch is operated by the relative speeds of separate brushless DC or AC

range 94 ASHABLATEMPRA BFE e PG AcHP ACEaRPBIRIS ERBH Hibteshald is also coupled to
the output of the above-described clutch by way of a gear belt drive. The input shaft of the

clutch is coupled to the high torque motor. The clutch is operated by the relative speeds of
separate brushless DC or AC servo motors that are regulated by a controller. Each motor has
a feedback device such as an encoder or resolver and an additional encoder is attached to the
main actuator shaft so that the relative position of the ram is known regardless of which
motor is operating the ram. One motor provides a high-speed drive while the second motor is
a high-torque drive which is an integrated servo gear motor with a 10 to 1 ratio. The high-
torque motor means has its own encoder for communication and control and its output shaft
is coupled to the high-speed motor’s drive shaft through the above-described high-torque
clutch, transmitted there by a belt. The high-torque motor can rotate the screw actuator when
the clutch is engaged. Engagement of the clutch is achieved by regulating the speeds of the
motors to switch ram operation from one motor to the other when the other is running faster.
Referring now to Figures 3 and 4, the bidirectional clutch of the invention is a

commercially available device well known in the mechanical arts. Figure 4 is a cross-



a feedback device such as an encoder or resolver and an additional
encoder is attached to the main actuator shaft so that the relative position
of the ram is known regardless of which motor is operating the ram. One
motor provides a high-speed drive while the second motor is 25 a
high-torque drive which is an integraigd servo gear motor with a 10 to 1
ratio. The high- torque motor means has its own encoder for
sectiof@Immunicatio bidireccontiotlatd dssotitiup hedtcisicaupletitodifgcture. The outer
high-speed motor's drive shaft through the above-described high-torque
b SR AP O ULy AT HIGFCEE 0L (6P CEFPRASTAgar: by
way oS@reultagivater wprredhe Elgiehls ergaged. lnbgagrMedhatthel ehidds torque
achieved by regulating the speeds of the 30 motors to switch ram
outpu GBI Yne motor to the other when the other is running faster.
Relgsrifigmow to Figures 3 and 4, the bidirectional clutch of the invention
is.a commercially available device well known in the mechanical arts.
Figtr &g edansdementeetifirdrneibr e et Ry darchiteRsdescribing
greater deiails ldsdstimotor setiffropuiefoPhbnshpdifiaskies the output of

the clutch and is connected to the high speed motor shaft by way of a belt
drive as HBPRESH N FIRRAS DOYHBMEIh ABS RO SN ebFiTeas RishiRgRe:
togque quignfelthergfaiomatar. 5 Operation The required movements of
the ram can be described b%/ four stages: 1. High-speed down for set up

offup forHOMEIIBENRE ApWHER FREFE S5esiErovement after any move

NQIHEERBRG RN TPIRE inJetiBhRIF 8 LIBSS MG d 3N ki KasHBMEE. The four
movement after high force pressing One embodiment of the invention ma

stagesRf gy TRodEed ofdhenamslestidbrsl abersges Wé&%&m&s&m%aﬁhe

follovahihe RacHhes, aheNe A eosReaifically carried out in the following
steps for each movement, as follows: 1. Sequence to move high speed

L axeaysnds fereeYapighdrisdons hevpolatiserupsad BhbomgRosHERY

servo driveadiavillbnQlspesEion riFnablginighdraugon. Bump high torque
axis +.015" to ensure clutch is free
b. Enable high torque

c. Bump high torque axis +.015" to ensure clutch is free
d. .050 seconds into the move, enable high speed axis
e. Run high speed axis down while high torque is finishing its move

f. Disable high torque
2. Sequence to move high speed axis up after any move not requiring the high torque
axis for force:

a. High speed is enabled, since it just ran down

b. Enable high-torque

c. Bump high torque axis -.015" to ensure clutch is free
d. .050 seconds in to the move, enable high speed axis
e. Run high speed axis up while high torque is finishing its move

f. Disable high torque

3. Sequence to engage the clutch for pressing with the high torque axis:
a. Enable high speed servo drive — it will hold position
b. Enable high torque

c. Bump high torque axis +.015 to ensure clutch is free
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d. .050 seconds into the move, enable high speed axis e. Run high speed

axis down while high torque is finishing its move 20 f. Disable high torque

2. Sequence to move high speed axis up after any move not requiring the

high torque axis for force: a. High speed is enabled, since it just ran down

b. Enable high-torque 25 c. Bump higji torque axis -.015" to ensure clutch

is free d. .050 seconds in to the move, enable high speed axis e. Run

high spedikhxiseu abile highitQraueis tvishingdtsrenaapdubkisabigbigh
torque 3. Sequence to enga e(ﬁﬁe clutch f?r pressing with the high torque

axis: 30@%%1%“%%88@8 R3S R it will hold position b. Enable

high torquspizaBaeoRbighnterauecaishe Gl ada ey clitaRdasseaifped. within a
High speed axis is moving down, two moves are compounded together
(registraﬂB‘?P?ﬁ(’K}é“{@g’:‘(ﬁ 366%8@?@ R dioas I‘_’Vc?é?c%tﬁé% ions are made on

the fly towensulgdhejam Sa8somsiaRecwdBihastpieR@e window and other
conditions were satisfied 5 f. While high speed axis is moving, enable high
tofque o> SEARIEILITOG A8 A9 YR RSB Proiabal) . 8Boreapatpicce -~ it is
workpieg@mitt dsat4/BIOREr apacal auarrpaath ipredhriligh SReakaNi SR driven
ram is still being driven at 8 IPS by high speed axis while high torque is
turning &t dhedy HghmesHirREdtHahio sy %lge}ngf}%% BRSF40 h.

High torqus takasi9vessrammayepeeat @9 bigls speed axis is decelerating
to zero i. High speed axis finishes its move and disables j. Run hi

h
tdhaue ARG B IEE TR TBEA BIERBRS G e HprRlerating to

Zero
1. High speed axis finishes its move and disables
] Run high torque axis down to complete pressing based on strain guage input
4. Sequence to disengage the clutch after pressing with the high torque axis:
a. After high torque axis completes all pressing and dwell, calculate disengage

distance based on the force. to unload the force exerted on the clutch which

would cause back driving of the ram.

b. Move high torque axis -. XXX distance = (Force/16000)*-0.150

c. Keep high torque enabled

d. Re-enable high speed axis

The above movements are regulated by a controller which determines the speeds of
the high speed and high torque motors which, in combination with the clutch of Figure 2
interposed between the high torque motor and the screw actuator, follows a prescribed
pressing profile that determines the motion of the ram.

Figure 5 represents a typical pressing profile. The X axis represents time in seconds
and the Y axis represents speed (inches per second) The dotted lines 9 indicate the typical
motion of the high torque motor and the solid lines 8 represent the motion of the high speed
motor as it relates to ram movement. At the beginning of the process the first move is to start
the high torque motor prior to starting the high speed motor. This move insures that the
clutch will disengage when the high speed motor overtakes the high torque motor. When the
solid line crosses the dotted line (reading from left to right) the high speed motor overtakes

the high torque motor and is then in control of the ram. The high torque motor then
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exerted on the clutch which would cause back driving of the ram. b. Move
high torque axis -. XXX distance = (Fgrce/16000)*-0.150 c. Keep high
torque enabled 20 d. Re-enable high speed axis The above movements

decelekigesegidiateps kiyiangomty bligh whiahraeterninas: thedspaedsfohetbeapiighe high
speed aqd It‘,{él torque mators which, in comhination with the clutch ?lf

speed g re o5 R0 SotPBIAHREIRAIE IGH IR08 HiBoP i E SRS pieh torque

motorativdtatcdtamszavpieseidadh prrRedi At ROk adbhat ceitermMneentfie Antiline

f the ram. 25 Figure 5 represents a typical pressing profile. The X axis )
OVe“%?éeﬁr@feﬁﬂ'éfﬁFﬁ@ g U JPERErEABE R Peeins.
Once &) if bemisldrdhivaRf iodjcaiadhe dupigataotion afthadtghdreqifer
.motor and the solid lines 8 represent the motjon of the high speed motor
pressin e MRS REAAIBL T EHE YA BSG Ry Bt ProBsEd tnthigigh speed

motorTRYesierte e bes highctererde: Mol aneionte. STHdngIbedNg hsPerdses the
motor. This move insures that the 30 clutch will disengage when the hi

| | | h
dotted e (AT SR AR AR B RSUL S SRERUVREITHE do R ol 1he high

speed GHRsSESHRABAtEchine dreativddran tefh tadghththe bigh $eagAc A ready for
overtakes the high torque motor and is then in control of the ram. The

the negf 4y ¢irque motor then -6- decelerates and stops during the high speed
MPY&re 8 en Ber BN OfstbengidiRbdhe inigiirasReash R oYentspHAIPR) iSf the
) approaching the pressing position. At this time the high torque motor
invenipatd JEbEle FRTPWRRECHEMGHISHERRS ATSEGR IS GRsILrERRNYY WEH (hehose
skilledgited lineiqyedakes s digiling taednighhtey auecmnRtarisstiueanii ahand
the pressing sequence begins. 5 Once pressjr;gﬂi‘z comiéplete the hciﬁh )
operatigi R tdfissertiededn s sredtaglnadt sk Mot EiaHenRahigiyivalents
may HOFEEBICIOrigIRIaNathiR feVesseandiRedingiRaccelerate. The high
speed motor then starts and begins to accelerate at a faster rate. When
the solid line crosses the dotted line the high speed motor overtakes the
high torque motor and is in control. The high speed motor finishes the
move and decelerates to a stop. The cycle is complete and ready for
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not desired to limit the invention to the exact construction and operation
shown and described, and accordingly, all suitable modifications and
equivalents 15 may be resorted to, falling within the scope of the
invention. -7- CLAIMS What is C@X&S: 1. A drive for a ram press,
comprising: a frame; 5 screw dri s mounted to said frame, said
dvRImeansbging selectively rotatable in opposite directions by first
motor means; a ram mounted to said screw drive reciprocal in a range of
L. rotiareHeRAcam BEh aelRIdNSetracted positions; second motor means
CORNE ted to said screw drive means for rotation thereof; 10 a
bidirectional, self-disengaging clutch having an input shaft connected to
saick setroreinnaotanoneteds @sedafmanerai s Haftccnensdtent go dadth wedpenatatable in
drig.e means w erebé the clutch disengages whenever said output shaft

opposiig gHeelPRt BYSHEE MG Han the speed of input shaft; and a

PiegiamsIaRIe oSt GeRPlRYS RN JRICHE G iating Lo e ReSHIOR i dhe daBhded and
by operation 15 of said first motor means and said second motor means

retractoghq@iB9nsaid first motor means is signaled to rotate said screw drive at a

NGOG G AT RRAR 581?&&%%%%_%5\@ D! i&@?ﬁ%&é@?&r@xﬂ%ﬁ{”@&e@ﬁ

movement phase of moving said ram, said clutch being disengaged ’
thdriebycRonbhesefdisafgiging dlwtiehaiimead clpttklisfecgmgeddebanidatdond
control sgstem signﬁls said first motor to operate at a spe

Ed less thap
motor MEANS ARG A AHGRBH SHKh AQTFRIFE D SHESTEF PR TS BEHOVBE ERY dhfcf!utch
disengﬁl_%&oﬁ}ﬁeﬁ@@ EJINH NG & highforce sl%@@é%r@ﬁt@}(m&ﬂg}?@éﬁmf i#put shaft;

e drive of claim 1 further including means for sensing the position o
and  said ram electrically connected to said logic control system.

a programmable logic control system for regulating the position of the ram by operation
of said first motor means and said second motor means whereby said first motor means is
signaled to rotate said screw drive at a higher rate of speed relative to said second motor means
during a fast movement phase of moving said ram, said clutch being disengaged thereby.

2. The drive of claim 1 wherein said clutch is engaged when said control system signals
said first motor to operate at a speed less than said second motor means whereupon said ram is
moved by said second motor means during a high force phase of moving said ram..

3. The drive of claim 1 further including means for sensing the position of said ram

electrically connected to said logic control system.

4. The drive of claim 1 wherein said first motor means is a high speed low torque motor and
said second motor means comprises a gear reducer interposed between said second motor means
and the input shaft of said clutch whereby said clutch input shaft is driven at a high torque and a
low speed.

5. The drive of claim 1 wherein both first and second motor means always rotate said drive
screw in the same direction when both motor means are simultaneously operative.

6. The method of operating the drive of the ram press according to claim 1 wherein the



Illl.\alrlud\a\.‘ Nwolivoewll JATU JUUUJiiTu 11HIvVilvl 1Tlhi1Tivad i i viee IPUl. SEIGATL VT JATT

clutch whereby said clutch input shaft is driven at a high torque and a low
speed. 5. The drive of claim 1 where'g both first and second motor means
always rotate said drive screw in the”’same direction when both motor

. _means are sjmultaneously operative. 30 6. The method of operating the
logic R S LA PESLCLRYORTHE ) AR Ao MR BT, 0 gtiter
7. reyela@ndhempsian sheivenrioiawingsthe pisssiporaipiig:ef: Figure 5.
7. The method of operating a drive of a ram press comprising four stages:
aaffitt stage frsmavine §adiarath gih g csh sBbered avarvase v apt Popraetiygrd for
return B TR gsg?lronr,eturn to home position; 5 a second stage wherein the ram

is moved upwaidly at high speed after any ram motion not requiring high
5 farsepadhingestdgecin whicint ikenmanedsipveardty at high dored dfieaaapmaptisintion

Ke.ssi[ﬁ %%Nork'piece; and a fourth stage in which the ram is moved
not recﬁw\% % PF%he high force pressing of said 10 third stage. 8. The

MSHIRCkALE IR H Y IRy @it tReRAICTUITBLSISES CRPRISSSHR &GRS Phiorkpiece;
calculating the clutch disengagement distance based on the pressing
and force to unload the back-force exerted on the clutch; signaling the high

LT R R
10 third stigeve the ram upwardly.
8. The method of claim 7 wherein the said fourth stage comprises the steps of:
calculating the clutch disengagement distance based on the pressing force to
unload the back-force exerted on the clutch;
signaling the high torque motor means to move the ram upwardly said disengaged
15 distance while simultaneously signaling the high speed motor means to move the ram

upwardly.



