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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 5provisional patent
application serial number 60/972,447)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 whi il electric servo motors for precise ram position control.
m&%@—é&ﬁéﬁlﬂjﬁ@e present invention relates to a servo motor 10driven
ranib putegt Sppatatdhighdaree @nstdowrtnete Seneapiiois d1586 A number
lutch-type drive mechanism and regulated by a contrgller.
60/97%7&%16@%3 NISTERESTHEMN R ENHSRET Torhel HECPANER RS gnd
provistoiagtpneninpptiarf@ress Aicuhipbr $0eEr Aad bigitl éarcpudigrechievaiimse: for
characteristics a single drive unit is impractical as high_cost, large.
a Screysprsier LR ?E‘}‘%ﬁ‘id‘fa?g?%ﬂ%}é‘?&ﬁﬁfﬁ’é“a‘?’&%%ﬁihﬂﬁm. Sligweder,

FIELR OESSImoNOENDPIitawith a high speed approach to the pressing position
and then an_ insertion II‘)ress to a high force at slower speeds provides a

siBtIRY Y IQRARME ARSI PEHIR P Al igai stk SR oL o

precisS¥aifPokatRANtRlMe ORI RPSititioa ndHerseehthsverems @Mt 16%i8dvo motor
fasteners to the proper force or 20distance depending on the application.

drivenyaip g e RAOE i ehdargednd Irdascs FaierBater HesiRgd fdighgype drive

mech£2siiand AiRNARsERYONIRBigh. speed motor returns the ram to the home
io There IS therefo a need in the art for a ram drive in a press

Brovides BEt Y and high force accurately and reliably.
Thatedis RabehenRerdi{at AoraceHESr 8 rtion press are high speed and high

force. To achieve these characteristics a single drive unit is impractical as high cost, large

power requirements, and large physical size are restrictions. However, a press motion
profile with a high speed approach to the pressing position and then an insertion press to a
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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25reliable 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

Pemsefter Series 3000 manufactureg and sold by 30Penn Engineering

and Manufacturing Corp., as shown in Figure 1, utilizes a bidirectional
belowoBirgovibng] utehithnoygblwvttiel digbolaraercamydiivel glwesppssass The
. Ccluich is controlled by relative motion of two separate motor drives as will
consis 5 e GBS B RONS EA TOANCEN B A CRIEHRahay e

as shos@MMEIgiad B avalaia componenisutiairc @osist a@tte@platte shafts. The inner
polygon-shaped inner hub s#ﬁrroun%gd by rollers encased in an outer hub .

hub shadtGag i Bigaries b shalhdr SHBCoBEPARBE S comerdogiyise giieion if
the inshiaiis St ignedRbshadhaardae the onderuirheballfithedhesr Aub speed is

clockwijse. or counterclockwise direction if 5the inner hub shaft speed of

greaterdhanthedrerup dhsh the QU Rebsarsaecd ard thapulsedybeandatate
indepéRaenthednaRy ke they thaclitebhin gisangogetktsroitheatialcd Wby the

rotate independently of the inner hub. The clutching action is therefore

relativesipeeted BhAFyg MESHSISRYESHRIBROSERE drhbes RiRYideg Ad s tremely smooth and

respoRRALNLNRISN DRIS/BERHHBSpEENHRMEVESMO R 3pebaasiRartoive biaratiNof the
between high speed/low force and Iowﬁsépeed/high force operation of the

ram sq §ph HePrERsineheY ple SanF &y diestapfisdiicdentS AR eiciehicss poediyies may
be usclNERR BlEUCHUFRES Y ke HMeW&"Fﬂ%@sQﬁwRﬁé@Iﬁ PréistolastEReR IS Ecation

disclosed in provisional patent application serial no. 60/972,436 of the

serial agnRORpitR! BrerBenaliity-at least one embodiment of the
inB@in@%i@lQ%%, dt 1849 BRUnFISsaIRRA(DAIHO & IRYRIMIOR tRnOt initesds
its aé) lication to the details of construction and 15to the arrangements of

undergtpod Shah PR 8P IGRAGh A IV arabisaHp dn BF ifleisilariepngHaction and
to the ARWIGSeIh 8 1AYVSOHAR IAGAPER forha @l aBIRRAIBERIR ApELAf B8 INGtrated in

practiced and carried out in various ways. Also, it is to be understood that
the drinangsraEBeIBYFRINN {8 5HNIBle QY eRfiIsie Harets AR ot Rrwp arpiedand
carric@SIETPIARRAINOUILIOTPR (EBRIGRE:ATHN %th@%ﬁ%@o%}?@rﬁ“gﬁﬁinolo gy

in the art will ka;ppreciate that the conception, ug;n which this o
employre frggie a5t RS iRetaintinpendshowddistibe iseaadedpsitignsing.
OEQEEI%HJ@Hé%%%l@ﬂ%ﬁ‘ﬂ%e%@ﬂﬁﬁ&?%éﬁ(&@ﬂb’iﬂg QHERSEUFh which this

purposes of the present invention. It is important, therefore, that the claims

discloparedyhnged B nERAMPSUEhiegavabatie dpsthsIRHENIRSSTRP RS TRy eS,

methd2Q! ARPAFLEDNE SRR 2Bk 36OP& Ol SSRVAMEMUQB BRIESon. It is
DESCRIPTION OF THE%RAWINGS %H{
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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25Figure 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. 3)Figure 5 is a graph showing the
pressing profile of one embodiment of the invention depicting the speed of
the ESTRIPET OME F-FHPPRERHRR ON ENFBGIHMBEFERRED
EMBODIMENT _ Referring now to Figure 1, a ram press 4 employing . .
theHVERE S CHERH SwhiB R RdRiERs ! AP BramE R it fyhich
includa® aB\haptdafrisnecipracallp snpastad hy ihm 3. Befesdalynavpiodddyream 3.
2, major components of the invention are disclosed which 5 comprise a .
nRrieRe BRI LS i MBRSSRRCEGRTHBhERSPIHE MV Attty hich
compESMPfise athigbuppead tasichasitahrRaluiRhanshe BIhdA0eRiBI0Rst AdSrise a
supported by the frame, is a screw drive which may be operated in ejther .

high-sed fose R Lithar MR SouSh-BIBIR HPEEd MotormegH! By the trame, is a

screwhiflive GHgioR s tdiopagaging eltiehdzconnastedierti high {peduemeiespeed
means which includes a motor/gear reducer combination. A

motordpsans i BilEaER Yol ichisFagnEga shusbis &Rt 68 doe i Biahdryme motor

mean@ R itUs FRRNE D a6/ laer TR By Ve ThHiR S CIR \WrEE@arhile logic controller
bidirectional clutch is connected to the main shaft of the screw drive by

regulajs,PBErAHRAIRG Be Y ¢ RISHI RO HHSIRP YERINE a5 HermbbEmansfiasacrew

drive.laReaaREdHNehED GREBSSIDEhRERTHE thatvilhhesHes G RRE dErERO8BIve by way of a
particularitléwith regard to Fi%lire 5. With continued reference to Figure 2,

timingihelh ddie fogiGembodadsariiise hasiaxeatens b ¥R ARG EBIE IR @ Pressing
profilHREHYi It 8Lig SPREA SROMRAL BB RIS, RVl @mkpdiIfgntbeing the

commercially available device generally referred to as an

elBathorABHARFRCATSERTSHE FIHE URVRE RERSSeh A8 QY sE RNA dfitRyY actuator
whosdR8&Ra0 IR Sy RtaRal ishalldsd acdRsPRRIaH i ﬁl[@@ﬁl%&fiﬁ?&ﬁ%%ing the

between extended and retracted positions. That drive shaft is also couple

commgy ¢izdlp AtgilebleiHevitsoseneialy s Earedite R vinsisr brmesdanisaliagiador. The
devicd R IARSthRRAM a2 OcichdaicRuRIerhiqdha Big AV MelRfo &l in a

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

range 94 ASHABLATEMPRA BFE e PG BcHP ACEaRPBIRIS ERBH Hibteshald ig also coupled to

the ouGEBAAC dBYIRE RUEARY A RAARIRA PLIGSONME AR AR 2RLEARAI shaft of the
encoder is attached to the main actuator shaft so that the relative position

clutchgs wraipled 18 theduehricyavaessast WachussBtsrapcsyerng erelpiive eseds of
separdRAAISRICNERS & NehsSRREH SoMENMP UG the SRRNEY RS IER 8 ach motor has

high-torque drive which is an integrated servo gear motor with a 10 to 1
a feedpagk. dencqifgieh 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-
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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 30motors to switch ram operation from one motor to the
sectiofi@iawhemib & diRstisnil rineh fasietibRgfercner riewile Higyrasidtard Fhe outer

the bidirectjonal clutch of the invention is a commeycially available device
b S RO G Y L B AP R CrSa e NRE GOl by
way ofhtbelthidiveciiaipiakich Hesesbingig aater dlaiais Midtsoslibeid € 4 Mezh torque

outer hub shaft carries the output of the clutch and is connected to the
outpuo ﬁﬁ{’p%eéa MB8r shaft by way of a belt drive as depicted in Figure 2. The
inppeftibrshaft is connected to a high torque output of the gear motor.
50peration The required movements of the ram can he described by four

StAOREC SRR B o rZR i RS s FoP bR YIRS 2. Upward
high-speletbmgyuemenhalter anyupevepTor Ranirrgitiigh-force; 3.

High-force pressing; and 104.Upward movement after high force pressing
Ofe embBUIHIEHY THRESAVBRYTR T4/ 156 ASE0BE A 9k et 2 sl osee:

The fourrsiagesred proysemeentdequired of the ram described above are
specifically carried out in the following steps for each movement, as

foftows: YN TRARSR IR FUEH RIKRS 88wn for setup and up to
home GesiinmdRdERaNE HiEbrspagbsare:ivanitvil Rl ReSIoE four

Enable high torque c. Bump high torque axis +.015" to_ensure clutch is
stagesrR{anp v BeNsERBHERS intdhhEm dgecTineskBavie Are sBeti tisakh e cattipdiyhin the
followiRERELAXID QWA WENEUBH) d9aUswa finishing its move

1. Sequence to move high speed axis down for setup and up to home position
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
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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20f.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 25c.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 ug.while high torque is finishing its
move f. Disable high torque 3.Sequence to engage the clutch for pressing
with the High tpegdenixis @daifmablenhigh spead servormpyend ddwilpbble
position (t%.f‘(lgable high torque c.Bump high torque axis +.015 to ensure
clutch is fesstration maye a3 e IARsG&NS)ing down, two moves are
cempoundgitivdethassegistiationmby € anscrllapar maveymot-agppall within a
decisions are made on the fly to ensure the ram s,egg r tripped within a

proper WIFQSH EY Dt COhaiioHs vers YAtk AYPEFWhile high speed
axis is mating henadpeeighidasghieyveh Stanhbig ik quenaxis moving
approximatel;t/l-.650" above workpiece -- it is . .
g. Start high torque axis moving approximately .650" above workpiece -- it is
running at a slower speed than the high speed axis, so ram is still being driven
at 8 IPS by high speed axis while high torque is turning at a speed

significantly less than this speed (.80 - 1.6 IPS)

h. High torque takes over ram movement as high speed axis is decelerating 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



10

15

running at a slower speed than the high speed axis, so ram is still being
driven at 8 IPS by high speed axis while high torque is turning at a speed
significantly less than this speed (.80 - 1.6 IPS) 10h.High torque takes
over ram movement as high speed axis is decelerating to zero i. High
speed axis finishes its move and disgfles j. Run high torque axis down to
complete pressing based on strain guage input 4.Sequence to disengage

deceldhgeslntids@itedpragsing ilh dhe:tightorquetiaxiaid Poiat Afteie pighhatgudgh
axis c?mﬁéﬁf.es all pressing.and dwell, calculate disl%n%ge. dig\:/%nfg ased
speed g8 HeE RS U R A HBPCE ERE R B SR Bt h IR St [ &hlosdue
motorb@aksdidveingraithaviar th hisb\updidmnue did erding. distanceedotted line
Force/16000)*-0.150 ¢. Keep high torque enabled 20d.Re-enable high )
OVe“aiﬁégbe 0 Mhertis b G R SRR lgrs%ﬁa?@& PLCESRE SREPAhegins:

Once gaigyininesdhprreednhafitheHighzpecteasicrhigh 0mMUe rerierstykclietn
.combination with the clutch of Figure 2 interposed between the h:,%

h
pressifig-dhe MRt dPia RAYSHAHEL IMSFY foHof LS dARSaGTELS A H Rigespeed

motortfindgieainesdiiasnotiort Rt dheatantastaigurewhiepieseita Briypieates the
r_essin%}profile. The X axis regresents time in seconds and the Y axis

dotted ligrthe el spee Rifes S halighdosdiemancefifte sentrpl- The high

speed oG AR Mk he Wwahdaseemetohanddpe Brlidyine s 8 saipleaemdheady for
motion of the high speed motor as it relates to ram movement. At the

the negtayisiing of the process the first move is to start the high torque motor
privkterstartinorthesoiab sresdimeatarasiinismane nayrestaithneigesvitehe
will disengage when the high speed motor gvertakes the hi%rh torque

inventiogtoF WithEnsiRecdBiaaiABsARsiBs Ny shd ghnetr s AeprdrrrseEdo those
skilledighthdhet hioh apegsdimates Byariakeshribioh e mesas@ndiisthen in

control of the ram. The high torque motor then -6- decelerates and stops
operatiopisPite MgKesebadbasedn e Hbivitabinagiibitrtionhigd spualents
may bORB(EQlF, lRmis RRRIAARDIRG BB MIRSRIAhABRItiON. At this time the high

torque motor starts accelerating while the high speed motor is

decelerating. When the dotted line overtakes the solid line the high torque

motor is in control and the pressing sequence begins
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50nce pressing is complete the high torque motor decelerates. On the
return stoke after pressing, the high torque motor is started in reverse and
begins to accelerate. 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 to‘raUe motor and is in control. The
high speed motor finishes the move and decelerates to a stop. The cycle
is complete and ready for 10the next cycle. Therefore, the foregoing is
considered as illustrative only of the @fiddiMIBs of the invention. Further,
since numerous modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention to the exact
constrivtisnsaniaimpéiation shown and described, and accordingly, all
suitable modifications and equivalents 15may be resorted to, falling within
the scope of the invention. CLAIMS What is claimed is: 5 A drive for a
lram pressivedmprisinpressframerising: a single drive screw rotatably
mounteg fgsaid frame, d drive screw being selectively rotatable in
opposite directions by first motor means fixedly mounted.to said frame, 10 .
oo AR GE o S SR LR G BTN S A et rau eleetvely
retitatrie @doapabite ttaetadnp bsgificmsiotor nsecofigedotarunted frssfixelyne;

mounted 1o, said frame And-Liatignaliy seRReGtad HEauIhAclt cRiinRaisthd
screw for rotation thereof; said clutch being a bidirectional,
reEIFlaiseREIMg clutch having an input shaft connected to said second

motor éaadmaid tasdiRytiishasheeane cielitmeaicisotawnwhe vebyetiie! through a
cﬂycg?cpoagg the s congatrir(l)gtt%r means are disengageable only whenever

said ou putsgrﬁg 95 driven at g%ﬁeed greater than the speed of input shatft;

and saideprishheinerabirsgrneopiol syatannesi sy irting Ah B8 stshcapnected to
sHheseam Dy, aperlianaf saidufisst Imatebmeansiandaid e oeRRbYIRE@Iutch and the
me?s whereby said first mo% r means is si naléad -20 tg riﬂg'g{erisaid screw

Sa‘iﬂlil g]t()g)lh?é?? F?éi 18?n§6%%1 CNev: 1d output s ven at a SP'%ed greater

eaonly w a 1
Felatve 10 Said Secona motor means duri
tieafictbt spewdni@nupbade @fdmoving said ram, said screw being disengaged

from SQH@‘?&%Q%Q&%W&QM §l]§5ﬁ1bf)6r 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 screw being disengaged from said second motor means
thereby.
21 The drive of claim 1 wherein said clutch is engaged when said control system signals
said first motor to operate said screw 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.
81 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 relative to said first motor means.



2.The drive of claim 1 wherein said clutch is engaged when said control
system signals  said first motor to operate said screw at a speed less
than said second motor means whereupon said 25ram is moved by said
second motor means during a high force_ phase of moving said ram. 3.The
drive of claim | further including means for sensing the position of said ram

selectriqaliganpegiad 18aieiiagit CRAURE SYIRMmotor mddhe &lUMOQbGIRIMIA drive
| wherejn said grst motor%m%ans is a high speed low torgye motoy and

SEERY L8 M BHSF AR SRS R TISIS RSP PR AT S Witween
said sdbeddvnofeiamehndSebanaddhecimdutshafto@hsaidvei ol wnensioyrdly a
cﬁﬁkﬁaﬁéﬂt&ﬂemg&%hﬁﬁaﬁcg SN Ah A PIORARTAEA0 o M SRAEH LARHYE motor
to said first motor means. -8- 5. The drive of claim wherein both first and
LS HPIRREE means always rotate said drive screw in the same direction
Awvhen bathifveter dlagansvase: BiRNidtaReoLBlsapaiatheposifionl b/ of a single
claign 3 wh?rgpc}/ ﬁtaid gepon(g motor means moves said ram upwardly a
encoder moun the end of said screw o .

Calculated (ﬁsengaglng distance after said high force phase is completed
while said first motor 5Smeans is stopped. 7. The drive of claim 3 wherein

said means for sensing the position of the ram is a single encoder

mounted to the end of said screw.





