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1.4 B SPL * 3/ 3)

SN ERAEARGFREIN CHMAANBHR I MIES
ZOLLERN # R x4 BF B &M A1EBr 0454 18)2 6 R 4%
Zo P XMBETRNWARMERS  HAFTALZALEREG AR -
BAT4A B PR BT Z RBMRBR » AAEEA X 8RR T YA
ERFBSUBEHE I KL BEE R R BERAERE /> SPL
NI R EMZFL > TURBEABETHREESERAAEZ S
# o SPL a2z dhKASMEREE F 7458 :

RS ZATME o

« [iE R S Z A F R

c Ry Xk o

cRIFHERE -

c B ERK

* RE IR hofT 0 MR KRR -
- BAEN - ER TR -
EGERE

Bz A SPL A5 2R FE X3 THIRAEI I BT HE

ERE - BZRNNLEBHREIB I BIALE !

(DFF R £ 84
o8 1 A2 3 B BA RIFRIZ 6 SR BOR 8 R AF H dhk 2 48 A
#hK o

(2)i& &) R B IR X 34
B 2 PR BE R R E) B 2 B R MGF #h7K » T332 o T
B> EEXdp@E<lyum-

G B RAEE £ 34
o[ 3(a)b)A B ARG BRI MFEEI M THH S TiFE &
EBEE<Ilyum-

2.#% B HYPROSTATIK 7 8]

G BRENRBRES  RBRAFN - REREERLR
PM 8RBz &3t e 2REBABBE RN RBRE T @k -
BHINARNEAREBANATE T ZRBEAM > St ORB
5000 #FuA kP ZNGXBATER Lk —FEXAETRHHEE
$h o BHBLEIRATH NG



Rl RaTCAe®@R EHZ NS AT AR B34 EMO
RESCH & FH# > B TRENSHEE FANSHA L
RFBAMSZ R LI K57 BWAEZ TN 2w %4
AMRFEUMZIFIZIENEN A RBCEBER » £RBR
TR B ZIRIABIERS -

NECBRENFEEBREFTALNIARHEHE  FETALAA
T FEAEHAG NN BB ARG EARFR T AR
ZHB OB EAFZ N BRAFHRZ E SN -

(1)i& #% & F %42 (Hydrostatic Leadscrew)
BN TRABEEE Rz 8 HHEBIM > %3 A 40-160mm
3242 TR A I MAEEEEY X HeE ) BEA
25m%mzm BEHBREE 1~S B FRRZ RS
275 BN B 4 Arow -

F2LRFBEREEERZRT#H T
Case length[mm] 110 130
Nummer of turn each nut [left/right] 1/1 272 3/3 4/4 5/5
25bar (1250N 2500N  {3750N
160N/ zm 320N/ zm |[480N/ ym
32bar |1600N 3200N  |4800N 6400N
200N/ zm 400N/ um J600N/ ym |800N/ zm
40bar [2000N 4000N  |6000N 8000N 1000N
250N/ zm [S00N/ zm | 750N/ gzm [1000N/ zm "|1250N/ zm
50bar {2500N S000N  [7S00N 10000N 12500N
320N/ zm |630N/ zm [950N/ zm |1260N/ ym |1600N/ zm

63bar 6400N 9600N 10000N 12500N
800N/ zm |1200N/ #m |[1260N/ ¢zm {1600N/ zm
80bar 12000N  |16000N 20000N

1500N/zm [2000N/ ym [2500N/ zm

RPRTERAE R T BR L RAERS
* AR IR B

cEMEEEHSHER -

- EIB BT E TR -

- KRB -

5 RERER -

ﬁg% ﬁAé % 13 RE 445 45 B
%ﬁﬁﬁ’&%%@%ﬁﬁﬂ%%%°
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(2) PM & 7% % (PM-Flow controller)

PM B BB REE MBS pERHREy M
2 HE  BEHRBGERNRAGARAE > AaiizH
ERHhRE MAFRZGERV AT BLETHE L2420
R ~eRHARIR THEA X H IR PMHE AR 28
BYE®HBEIEWE 5 A o

B 2. R&H BB E 4



(b)

B 3% REE E 4



PM-flow controller

PM-flow controller

| lQ‘ lF

PM-flow controller Ql

5.PM AR 2 s sk RIER



(Z)4 P B e 41 5

AKX 2001 £EMO B EM T 5 4R U BESHE S HE
MIBAAEM HASREAZ KSR RS EIT K F 5
B2 BB BESREM EHREOTABRE - Bt
29 RRUEE S T MBI R AT o T4
HERRECORABCHEFH UL T

l.g 1t Bz 2 2

BAHRTARERGEY  FRBRE - HEZ T
AR SR E s Ao X $88ik 0 B R 2Lz 3000~6000rpm . ##
#3Z F 20000 rpm A ko K FEEHZ BBy HABR] & R e HiE
TERARERZI TR AA DG EEEREGZF X HA
SEHZAEFUATHE:

(MM EEATHREH IR S -

QUE A S HIET B L BREHH > BT wAMCRR Rk E
BAT O AXMMBZBIEGH) - EFE - 85K LT SE
BTFAR—BHLE  AFEREZITE ARAKEMERE -

ORAGKEREERATRS 24698 &L & (High
Dynamics) > BPiZ 2| S AREI ML F#EH) - S ~ ook
BEEBRE ~ &AM ERBARZRE R 2% T8
M-S A2RFHRAHREHRERAL A TR RTFHMR
EIEHFMAE REOBRZIERLBEANMEGRIEEZ 10
1% L BRAE A O.lmicron &K 2/ » S E D845 5
(100-250Hz) - & # Bl & £ 300-700 N/micron (1.7-4.0
Mibs/inch)z B » TR BB AME @R AZREE (1
AR B I 2KHz 2 R THES IHASNRE
HEF SN 5-104) o

DB EBREHAFZAE FRZEANEBRESHZ G EE
BESRHEERE  AHXRMNFE - ZIREMH(Compliance)
RERBHERAR - ABERIZ VIR ~ BB M EIBNHA
LB NGB BT d B LB e i3
SN AT B TS BARN - MBS L MBRE

BREZAHE -
10



HPASHEZRESEBEAUTEEESH.F—  SRHED
JEo B ~MMRETELE - F= - EHAEZEHEZRITFHE - B

SEREAE HNBREEHRAZGHEEATLEGEEIEYR &
A K ABEARR 3R » UREZ R G ES MBI E R ik E)RIKHR
EEA  AREERHAKRCA - F—HAHEECK > BulgHn
HEZHEMNAE:
c BRI AKXEREMNE > BRI FEEY4 0.5mm -

o 450 2 %3 R 44 B 458 (Zero Cogging) -

- BE GBS ER S -

G ERHREBERSHEETE -

- BEHRBE TR TEASWRKE -

ﬂﬁ&%ézﬁ%%&%%%+%%%”“% ¥ 1%
# Eﬁ;ﬁ&&ﬁﬁ%ﬁﬁﬁﬁﬂﬂﬁﬁiﬁﬁ%é°

ARBEY  REHTEEAERAOKEEEAF SXAGEH
HEHLSMHA:
« BRI K AR AAY lmm -
- BukBEzH BN NAEE RGBS =/
- I A H A3 10000N o
RS HEFR E R
B EMZ G BRI RMEETSHBEETHK, -
- BB Z AR S o R AL EAREE -
c BRARTESRAZEERS -
« BT w A A RKS o
- Bl AR HmA  ITREMR -
* KRB RO PE LT ok S EETF -
- BRI A RBBE AL Z RO AR Z 1048 o
CHREMBHERRALLSASR T ARG RER *%&xn
ZE! #}é SR HBER M E RSN ESHEF Ay

Gt - BhZh @ﬂiﬁ@iﬁﬁ%é’ﬁ@%ﬁﬁ%ﬁﬁﬁ
BRAAELEZHEABK -
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2B EAT AR EZER

ARBELRERAELHESTIR" HELEMN  BATR
EPRIXBENELAREEHE  SHE - LR ET AR
HreE A R ERE o Bt AL B IE R AKAE
ERSRUAH T EA T @ER BB e T 4B E Deckel
Maho 23] sx 488k » ARt E X T A S ARMBER 2 T A
#o WHTARAEHBEGHBHLERDESLS AR ES
AEE R UIR R AR I A

£— At hERE  RESE 26 9 wRE
BRRALEHRE 52 120m/min - F = AR T EMEGEHE - 7]
R sEHt RE-ZBamatshE  KRUHBERRER
3t (Bed in Mono-block design) * B RIRAE A EFF LR S EH > X
B REANWIHEE - RRAOAMBABRERBREKAITEESS -

EehRMNA S — BRI HER > BN EKABERRMA
A I HESREERGERK -BEES BINES - 2854
- BBERBE -

¥ BLEFP]F 840D 24 CNC s /a5 IREES) 55 » $21t45 A
BEODLBBENSGE  LESAMOEHET BT ERERS
AR LTEFRBRABSRE > B FTAHTHETEGY
#EE -

Deckel 7 —# 4k /R DMP 60 linear » 7R3k A 421 H3& o 47 Hl o
RESZFLSG UL AKE A FTXAE:X Y ZZ2thA%
M EHERE > UESF[ROGHERAERBE > B0 - BE
BEey) 28 CNC#EE/ X T4 (NC swivel rotary table) &
R % % % (Pallet changing system) > <[ 4T 5 @Ao L > HiE 3] S 34
FlEh&y st AR E )b E - 455 0h 45 B4R KR E%
o RESHIMERIAIFAIIRE S - AiEe TF S8 B MM R
#H(Changer) » B3 T P E#IT T -~ THAGAMEFEANRI BB
248 (Idle) 85T -

b oh > Sodick /3] H B B4 B K T4 AQ3SL |
MR o BBRMEENSRBMES T AY TSI
12 ‘



58 AR e B RREIX T o T e —F 0 F 5h Sodick TR i #
BB EngmEH TAQSL, #A  TRASKE L

3EMEHFHHMEIENE

AR EE T H] £ (CNC, Computer numerical control)
e mEERERARA - SB AAETEMERE  EM¥ &
Hey—ERRL > BIEHEERASHOTER T ERX oMLY
CNCT A ZRPREHTARIIEHE  FETLEHE AL
TITEAMEMERERIEME -

RBEE > BERBEPIFAIE DS Sinumerik 840D 3= 4]
Zo PHANGHEEET AR S L LA IEH B A PCbased > B
B % X 224#% (Open-architecture) 2 CNC» B A 4o T ZAE £ gh4E:
RELEARER - FIFZ ok ES) - H sl ( Direct
Nurbs interpolation) zhfe T A S F3E T - THTASZE 4 CNC
2K, ~ 100 a8y zero offset ~ BBV S| ~ 77 BB 414 5E ~ #
ZEHAETTA2 A Ib o Sinumerik 840D =EH| K= BRAKEE » TE %
A~ & 4~ BiwL b dNEHRKXL2H BN EIL
R ESE A L o Sinumerik 840D =] B 8FixH| 31 B $H 4
48 o

SMAEZENEEITRZASHAEIRH S RAENES AT
MR EHEBHLEGRES K.

B THFREN -BEARTHY TARREOBRELES
HGHBEZLAGEURNAETOINREHELLIARN 3542 -

cHPWEZEZBUS ER > ARMRBRERE TTHRAFE K -

c DML HRE R THEEEN S ARREHIHEHEER
PHEEERBE AN R S B RAFE ML o

& A &M 2 E 47 %)k B (Advanced Pole Placement) B4 44 18 4 44
Z AR o :

- AZREBEAMEZRGRZMASEEE ) 2.5MHz -

- FEARR BT 0 BEE) B AS R BRI AKSAMIE 0 AT EIRIEMA
(Interpolation)st & » MEF HEMBREEHE -

B TRERR > LIBELBBG L o
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éﬁ”ii:k&%é@%?'fi.%i%l%#& » FIAREEE X A E o T

&M fE

/\%'U'SL A~ ERERBEEHZ AR KRNE °
. T3 3-55Amp ~ 170-330 Volts 2 & # -
* B EEHIEHIER o
« Tkt S A 660 Volts 2 K3 /7 42 M Bk o
- T HAREREEOBZIER
- Sercos xR @ -
- RERWMAIEE FiE 25MHz -
- B EIRIGEAE
CHIE AR THITEHRLE -

4HEMEZEHEE

CHESFLERBABMABN R ERRAESEMHEETE
ENFBEREEEHEE LT .
c BREZHRBEMA > BREBZANE LB IR -

- BGERSEREGH I ERLEE > FTHEAEERANRMLEERES
Z AR LAENMRI AMBEZIBH I THAMKEX
Fosh o B EEABERIRS -

O ARMESERREEANS TREERRS > LBRATR
M EMBEREZA  fEaEEE S o

cBMEREAEBRMEARA(WRREAZSE) L= ER
RGN FITEHZRRRE ok K -

cARAREABBAGTREZENT  THEA L H:xi et -

T R RABSRARASBE I THT I TR 0 UKHE
FEEGRA -

- AEBTHRBEGHHRZITEN > GERE TR B TRMA B

cREBAEBRANE KGR EE > HNEOAZIHEHEER
AERXRHEHRA > Bk KE R (Peak Current +/-20%) &4 & 1t#%
RAFERMAEERBIRER  HAERKA -

MBS EBEREEEERT - FIRAKRE - LB REHE
YRR AE -

rAREBBRTZHAE: HEEHRIF I I RETERE
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G-I RTFERERFT @RI - SbAABES (Bt
—#% % 0.002-0.005) ~&4H ~FEH - BEHRIEMNS -

- EHBMIT AV ERMHB IO REHGHMZBEE - & A4
Wk EHRE  EFMAESHIN LR ERIRHE K-
RGN EERETEEBRAT AR T RFMEMELEI -
cEZEHEREREEZRS -

c FRRARKS

cEEEBEEEHFRESEH

- FREREE (AC INER K BUS TR)2EHE -

- FRBREH  ETRARIETEE -

cRBBF Bus ER - mA¥SN - HIFEABRHIREARTAER
Bl 4t NBEABSHEMEE -
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— ~ 23 SANDVIK 77 BB w7%

bR E B EFZ — 0 ZAF KRB o T Ti-6Al-4V 4k 4 41
45 5 #4244 INCONEL 718 Fri@ 3| 2 k7 #5.58 & A L4898 iy
BMABZ B ARG~ FRREZIVH DAL Bt
ZHBZ AT Bpisi® SANDVIK Q3£ 482 KEHABER
B B ABERBAEBZRE AR L TR RIE
AT RERGLBRE R LT MBBROEKREREE £ 9
A 10 B ERZH—ERZAIFHRTR %FERMATHERAC
1FELR 1R -

(—)Ti-6Al-4V k442 47 H o T
Ti-6Al-4V k&2 H Tl 2 458
LB E S o
- FUE AR o
-« BAR B AL BAK o
B EMRE o
. ZB MR BR o
PRI YIH R 5 A4 7] BBt suB e x B b
L 2E M ~ BRSAN - RAREMAR - KERARITH =
MER-288 #4222 % ~ 4% - 454 oTi@f2 ¥ » £ 8 SANDVIK
B rREZ IR » M8 5% % HI3A RX TiCN #% & &
GC1020 » R BBATRMZ B LB E/ITHL » T EHEH
%0 F 5 Bl4e F
7 ¥ i& & V(m/min) : 40-90
#%  N(rev/min) : 636-1432
i F(mm/rev) : 0.05-0.12
HEFEB B A RMEE 2 HIZA 7146 27 FLi4 4558 248
B E ;Mg A A TiICN 4 & 2 GC 1020 77 B > 45%) 30 L& 4810
HI3BA TR 8RR E - b T ol Ll T 271 R 4 H
Ti-6Al-4V K& kAR AEZEG > BB NR - £
B vl A2 ERest 2 R /MBS SR Z AR BRI A ¢
* VIR B BAK -
- fE B AR °
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cfERRANZTIE -
c UIH PR ARTIF L L -
- JJEBIHEEERE -
AL E R Z A T BB 2o F 4 3 A
# 3.Ti6Al-4V k522 s fE e T 4 ¥
71 B 4% 48 EIRE V (m/min) |#&# F(mm/rev)

U-drill
C=-53 HI3A 100 0.08
P=-58HI13A

Pelta-C

1020

30-40bar

Max 0.02mmT.IL.R

40 0.12

BBBGUIRTE > A LRMAESF I HKE S RETAEZH4T
REZ4EHGE FeslxikamrLEdE LEEIERZELK-
PR T45AISh » BB R AR T 48] ~ Mg~ S e s LA
HEAFERS ST RAZYIH AR SRR EFE o

(=)42 A 4354 INCONEL 718 Z 47§ o T

#8244 INCONEL 718 BalfE A A= ¥ Rt E 2 ME
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WASPALLOY W#&E4e K42 464 1M 1005 1 & 1Al E V £
40-60m/min f 8% - @R AR THXMBLENTELEAW%E  THRHAE
IR R BEEGEK -
EHBEIREIRS E 60-80m/min 3K T & Bk B T 4AMH
HmEE - 2L E AR R E 40-60m/min B354 0 EIHIRE
A ZE O0m/min B AN 5B L R IR B BHREW AT
BAMRGLAAWMD  #4ER 1005 THHREZXIHERE LAY
Fil 3R F‘ 60-80m/min = ] °
3 A SOSF 77 # 4 Au T INCONEL 718(4% & HRC 46) » B 7T
ﬁﬁ#*%zmlﬁ%’%mkniﬁ RS szﬁﬁﬁm%
SCL(spiral cutting length) R 2 R 4 :
*SOSF N B A -THRZ T BE4HMK -

< B @ﬁ&%mﬁﬁlﬁiﬁkmﬂz%%ﬁme

c £ C40H IS b Ae T — K363k 2 3B BS MK feed/rev M E o

. ﬁﬁ% SOSF T h » BB AHELYHERE  REBERAHEZR
B o L/ngé' Hi}izié-g-

- BB EF)CHESCL 2R 4B EL
Z HAERTR o

54 4E B SOSF 71 R » sA F=025mm/rev Z 4 > M &EE 2
590mm B % SCL=682m ; 124 A F=0.15mm/rev Z & 4 » A 2 #
MR Z T HE SCL=1136m » 4 A SOSF 77 B #v = INCONEL
718 » BIBARA X IH L B4k S HIT -

# 5.INCONEL 718 4¢ i SOSF 77 h 2 & } % #¢

— B X BAAZ R PTAEE 2

Feed 0.15mm/min Feed 0.25mm/min
V | mins | Cutting length | mins Cutting length
40 38 1520 38 1520
60 18 1080 18 1080
80 11 880 11 880
100 6 600 6 600
120 3 360 4 480
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BARENEmENY 200l #2B T AR KBS T ELER
EERE" Bk #8F € SANDVIK 77 B EesF - KReg A
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1.Aerospace segment-Frame titanium 6A14V milling demo
2.Solid Carbide tools
3.Turn-Mill demo in productivity center
4.Aerospace segment-Gas Turbine Inconel 718 turning demo
5.Lunch at the company restaurant

6.Ceramics in heat resistant superalloys

7.Summing up

LR X AT AR a5 ¢

Bengt Olsson-product Engineer, Turning Grades

Jonas Wiklund-product Engineer, Advanced Materials Mikael
Lovblad-product Engineer, Solid Carbide Tools Thomas
Lundmark-Manager, Aerospace Frame Segment
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HYDROSTATISCHE SPINDELN

Hydrostatic Spindles

SPL fertigt Spindelsysteme mit hydrosta-
tischer und hydrodynamischer Lagerung
sowie mit Waélzlagern. Unsere Erfahrungen
mit diesen unterschiedlichen Systemen
ermoglichen es uns, optimale kunden-
spezifische Spindelsysteme anzubieten.

I8
|

Sonderiager mit
hydrostatischem Radial- und
hydrodynamischem Axialteit

Die Vorteile hydrostatischer Spindein sind:

- héchste Arbeitsgenauigkeit

- hohe Steifigkeit und Dampfung
- hohe Drehzahl

- kompakte Bauweise

- VerschleiBfreiheit

SPL verwendet vorzugsweise hydrosta-
tische Lagersysteme von ZOLLERN. Die
prézise Lagerung, bei einer wesentlichen
Steigerung der Umfangsgeschwindigkeit,
ist auf eine Entwicklung eines laminaren
Vordrosselsystemes, der ZOLLERN Lauf-
spaltdrossel, zurlickzufihren.

Besondere Merkmale sind:

- h6échste Dampfung durch spezielle
Gestaltung der Lagertaschen

- Verwendung von niederviskosen Olen

- konstante Taschendriicke iber dem
Drehzahlbereich durch isoviskoses
Verhalten des Drosselsystemes

- turbulenzsicheres und laufspalt-
unempfindliches Drosselsystem

SPL Hydrostatikspindeln erreichen héchste
Bearbeitungsqualitaten bei absoluter
Wirtschaftlichkeit.

SPL manufactures spindle systems which
utilize hydrostatic, hydrodynamic and
rolling element bearings. Our experience
with these different concepts enables us to
provide optimal customized spindle
systems.

Special bearing with
hydrostatic journal
and hydrodynamic thrust

The advantages of hydrostatic spindies
are:

- highest machining accuracy

- high stiffness and damping

- high shaft speeds

-compact design

- virtually unlimited bearing life

SPL uses the ZOLLERN hydrostatic
bearing system with automatic clearence
compensation. SPL spindles incorporate
the compensator within the hydrostatic
bearing pocket. This requires no manual
adjustment or throttling devices.

Advantages of automatic bearing
clearence compensation are:

- highest possible stiffness and damping

-low power loss due to the use of low
viscosity oils

- consistent optimum performance
independent of shaft speed
(iso-viscous)

-turbulence free, smooth operation

SPL Hydrostatic Spindle Systems produce
excellent machining quality and production
efficiency leading to high profitability.

SPL Spindel und
Préazisionslager GmbH



GLEITGELAGERTE SPINDELN

Hydrodynamic and Hydrostatic Spindles

Hydrodynamik-Feinbearbeitungsspindein
mit Mehrgleitfldchenlagern (MGF) zeichnen
sich durch hohe Bearbeitungsgiite und
Rentabilitat aus.

Auf dem Gebiet der Oberflachenfeinst-
bearbeitung gewahrleisten diese Spindeln
beste Oberflachengiten.

Konstruktiv zeichnen sich MGF-Spindeln
durch ein stabiles Gehause mit steifer
Welle aus. Die auBere Form kann an vor-
handene Maschinenkonstruktionen ange-
pafit werden.

In SPL-Spindeln werden hauptséchlich
Mehrgleitflaichenlager eingesetzt. Deren
unrunde Lagerbohrung besteht aus fest
eingearbeiteten Gleitflichen, deren Radien
exzentrisch zur Welle sind. Als Ergebnis
dieser Bauform werden héchste Rundlauf-
genauigkeiten und eine definierte Wellen-
lage erreicht.

Hydrodynamic and hydrostatic fine-machi-
ning spindles with muiti-lobe bearings -
known by their German acronym, MGF -
feature excellent machining quality and
production efficiency, which translate to
high profitability.

For precision surface machining, these
spindles guarantee the best quality finish
you can find.

The distinguishing feature of the design of
MGF spindles is their rugged housing that
contains a stiff shaft. Their external shape
can be adapted to fit existing machine
designs and configurations.

Multi-lobe bearings are primarily used in
our SPL spindles. Their non-circular
profile of the bearing bore consists of
several lobes permanently machined into
this bore. The radii of these lobes are off-
centered with respect to the spindle shaft.
This design results in exceptionally good
centering action on the shaft, creating
extremely precise shaft rotation and a
defined shaft position.

SPL Spindel und

Préazisionslager GmbH



Vorteile der gleitgelagerten Spindein

Gleitgelagerte Spindeln

sind kostensparend, da die Gleitlager
hohe Drehgeschwindigkeiten erlauben
und sich dadurch die Bearbeitungs-
zeiten verkurzen. Desweiteren lassen
sich manche problematischen Werk-
stoffe Uberhaupt erst durch die hohen
Geschwindigkeiten der gleitgelagerten
Spindeln bearbeiten.

haben eine hohe Lebensdauer. Diese
wird bei unseren Spindeln durch eine
gute Olversorgung der Gleitlager mit
dem entsprechenden Aggregat gewahr-
leistet.

sind geréuscharr_p, da die rotierende
Welle von einem Olfilm getragen wird.

haben lberlegene Dampfungs-
eigenschaften, da die Druck-
verhdltnisse flachenférmig auf den
Offilm verteilt werden und sich dadurch
die Schidge und Vibrationen bzw.
Schwingungen kompensieren lassen.
Damit finden unsere Spindeln weitver-
breiteten Einsatz in Schleifmaschinen
und Priifstanden.

gewabhrleisten eine Rundlauf-
genauigkeit von unter 1 um. Deshalb
kénnen héchste Bearbeitungs-
genauigkeiten mit den Prazisions-
spindeln erzielt werden.

Advantages of Hydrodynamic and

Hydrostatic Spindies

Hydrodynamic and hydrostatic spindles

save money because hydrodynamic
bearings allow high-speed rotation,
which reduces processing time.
Moreover, these high-speed
hydrodynamic spindles now make it
possible to machine and optimize
cutting of problematic materials;

have a long life cycle guaranteed by
the excellent oil supply to the
hydrodynamic bearings provided by our
application-specific hydraulic oil packs;

have a low noise level because the
rotating shaft of the spindle is carried by
an oil film;

have superior damping
characteristics because the pressure
within the spindle system is distributed
over planar surfaces of the oil film, thus
compensating cutting forces and
vibration and eliminating ,,.chatter
marks“ on workpieces. As a result, SPL
spindles are widely used in grinding
machines and test rigs;

ensure a peripheral rotation accuracy
of less than 1 um. This is why our
precision spindles achieve the highest
machining accuracy.

SPL Spindel und

Gleitgelagerte Spindeln

Prazisionslager GmbH



MGF-Hydrodynamik-Anbau-Schieifspindel S
Bolt-on MGF hydrodynamic grinding spindle S

mit MGF-Lagern fur hohe Arbeits-
genauigkeit
Rundlaufgenauigkeit = 1um

with MGF bearings for high
working accuracy
Concentricity = 1 um

= -'_l T L]
Kegel 1:5 DIN 6375 R In
Taper 1:5 DIN 6375 e | gt 18] H B TT F
¥ LN ] 1]
Gehauseschnitt A-B ' ® N J} SN N 1
Housing section A-B B E ¢E /| 1
| . i
8 L '__-U
K3 [*] Iﬂ h L S'nu—ns.a
o O
e —~
e B B
: : T B T B T B
8 yp B yp - yp B
MaBe / Dimensions Type S 105 b Type S$110 D Type S$125 D
a 900 920 980
b 230 250 270
c 280 370 400
d 620 640 700
k 100 100 100
o 100 100 100
p 140 240 255
q 115 125 133
r - 40 40
s - 220 250
t 18 18 18
u - 355 378
v 210 236 250
Schmierart Umlaufschmierung Eigenschmierung Eigenschmierung
lubrication type external lubrication self lubrication self lubrication
Nenndrehzahl (1/min) 1400 750 1200
rotation speed (rpm) 1400 750 1200

Andere GréBen und AuBenformen bzw. Drehzahlbereiche auf Anfrage.
Other sizes and external shapes or speed ranges on request.

SPL Spindel und
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MGF-Hydrodynamik-Feinbearbeitungsspindel DR
MGF hydrodynamic fine-boring spindie DR

mit MGF-Lagern fur hohe Arbeits-
genauigkeit
Rundlaufgenauigkeit =1um

with MGF bearings for high
working accuracy
Concentricity £ 1 um

Cleitgelagerte Spindeln

Schmierart: o ‘

Fremdschmierung

Lubrication type: ) !

external lubrication

| T NI
Lo RN
f ] Bucknchtung tur den
- 'alh’e‘%nmwnoﬂ
‘ rotation of the shatt
-R = rechts / nght
-L = inks / left

Kurzzeichen / Reference Dpe L a d
DR 60 60 150 18 20
DR 80 80 200 28 30
DR 90 90 250 32 35
DR 100 100 250 35 40
DR 110 110 300 45 50
DR 120 120 350 50 55
DR 140 140 400 60 65
DR 150 150 400 65 70
DR 160 160 450 70 75
DR 180 180 500 85 a0
DR 200 200 550 95 100

Die Wellenenden werden nach gewiinschten AnschluBmaBen gefertigt. Andere GréBen auf Anfrage.
The shaft ends are manufactured to specifications. Other sizes on request.

SPL Spindel und
Préazisionslager GmbH



MGF-Hydrodynamik-Feinbearbeitungsspindel AF
MGF hydrodynamic fine-boring spindle AF

Gleitgelzgerte Spindeln

Ausfiihrung mit ZYBLO Lagern e on
(spieleinstellbar) auf Anfrage.
Design with ZYBLO bearings Y
(clearance adjustible) on request. L st —— o i r
° i+ Feo =x @ -
[ates e r1 '1—f l W
]
L B —of
Kurzzeichen B L H h a a n = (1/min)
Reference number n = (rpm)
AF 117 117 395 165 80 60 42 2500
AF 152 152 450 162 101 62 45 6000
AF 150 150 395 155 80 70 54 5000
AF 170 170 395 180 95 77 54 1000
AF 315 315 568 340 200 155 110 2300

Die Wellenenden werden nach gewiinschten AnschluBmaBen gefertigt.
Andere GréBen und AuBBenformen bzw. Drehzahlbereiche auf Anfrage.
The shaft ends are manufactured to specification.

Other sizes and external shapes or speed ranges on request.

SPL Spindel und
Préazisionslager GmbH



Hydrodynamik-Feinbearbeitungsspindel F
hydrodynamic fine-boring spindle F

Gleitgelagerte Spindeln

Ausfiihrung mit ZYBLO Lager
(spieleinstellbar) Qumiavt
design with ZYBLO bearing
(clearance adjustible) {}
J,_\q. Lot oy | ( \
o _ . ' o
f\-H' e r= -{_f \ }
Kurzzeichen D L a a n = (1/min)
Reference number n = (rpm)
F 60 60 202 32 23 3000
F 80 80 230 45 29 3000
F 100 100 3390 55 35 4000
F120 120 350 62 45 4000
F 125 125 414 70 50 3300

Andere GréBen und AuBenformen bzw. Drehzahlbereiche auf Anfrage.
Other sizes and external shapes or speed ranges on request.

SPL Spindel und
Prazisionslager GmbH



MGF-Hydrodynamik-Feinbearbeitungsspindel DRF
MGF hydrodynamic fine-boring spindle DRF

mit MGF-Lagern
in Flanschausfiihrung

fir hohe Arbeitsgenauigkeit
Rundlaufgenauigkeit = 1um

with MGF bearings
in flanged design

for high working accuracy

Concentricity = 1 um

Schmierart: ‘
Fremdschmierung | =
Lubrication type:
external lubrication @5&@— _
o —{»:— 'I !— l—-—-«f — e — !1—-—. L -a ]l . -
Lo_11 | 1.3
T f
l -— gl;:’kl:cmung tur den
} s oin
1 rotation of the shatt
-R = rechts / nght
-L =tinks / left
Kurzzeichen/Reference D, D, L L, a d e s
DRF 60 60 70 150 117 18 20 75 20
DRF 80 80 90 200 165 28 30 98 20
DRF 90 90 100 250 208 32 35 110 24
DRF 100 100 110 250 207 35 40 125 24
DRF 110 110 125 300 249 45 50 140 30
DRF 120 120 135 350 298 50 55 150 30
DRF 140 140 155 400 345 60 65 175 30
DRF 150 150 165 400 343 65 70 190 30
DRF 160 160 180 450 437 70 75 200 35
DRF 180 180 200 500 436 85 90 220 35
DRF 200 200 220 550 484 95 100 240 35

Die Wellenenden werden nach gewiinschten AnschluBmaBen gefertigt. Andere GréBen auf Anfrage.

The shaft ends are manufactured to specifications. Other sizes on request.

SPL Spindel und
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Technical Information hydrostatic leadscrew Page 1

1. Leadscrew with hydrostatic nut instead of ballscrew

Even high precision ballscrew systems need hardly different drive torque at small
changes of position cause of the ball backlead and form and measure errors on ball
ways.

Especially at the high loaded return areas of the balls, vibration are produced, which
can be heard as the typical well known sound at high speed. To reverse the move of
a ballscrew, the motor needs to reverse the minimum drive torque from one direction
to the other at no move cause of the backlash of the ballscrew. This is bad for precise
positioning. Inadequate damping and deficient life of ballscrew is especially known,
when a small area is high loaded, when high loads moved slowly ore if high
accelerations are needed.

To avoid described problems, herein described lead screws with hydrostatic nut have
been developed. This nut shows extra ordinary damping, free of wear, very low and
on 360° constant friction-moment and excellent quiet running. Even on high prestress
there is no reversal step of the friction torque at reversing motion, which lead to best
positioning precision. The nut can be supplied with clearly higher stiffness than a
ballscrew nut.

The thread of the hydrostatic lead system is a modified trapezoid thread.

Selecting the useful standard diameter, the number of working turns of the nut, the
pump pressure, oilviscosity and the size of the flow, the hydrostatic lead screw
system can be adapted extensively to different demands of stiffness, rpm, loads on
both directions.

2. Types of hydrostatic leadscrews
2.1 Radial loadability of a hydrostatic nut

Hydrostatic nuts can be supplied with or without radial loadability. Hydrostatic
nuts, without radial loadability centre the lead spindle very low. This type is only for
short leadscrews with radial bearings at the end, which centre the leadscrews in the
nut, or for very short one side beared leadscrews. Using for a leadscrew a single
bearing could be cheaper than a double bearing version.

Nuts with radial loadability have several circle ring segment hydrostatic pockets per
thread turn, where every segment has it's own oilsupply. Leadscrews with hydrostatic
nuts are especially for single beared leadscrews, for long or leadscrews with high
rpm. Leadscrews with hydrostatic nuts for radial forces need higher expendure for
production and mounting.

2.2  Double bearded hydrostatic lead system.

Normally leadscrews have a bearing for radial support at both ends and one axial a
bearing at one end, so one radial bearing can move axial. Cause of the different
distances between the axial bearing and the nut, the stiffness of the part leadspindle
is different too. The stiffness is high when the distance is small - the stiffness is low,
if the distance is large.

HYPROSTATIK Schonfeld GmbH, Zillenhardtstr. 19, D-73037 G6ppingen
Tel.: xx49 (0)7161/818611, Fax.: xx49 (0)7161/812782,
E-Mail: hyprostatik@imos.de, Internet: http://www.hyprostatik.de
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To increase the stiffness of long spindles or at high stiffness demand or if the
stiffness should be independent of the position, leadscrews can be assembled with
pull prestress. This pull prestress has to been taken by two axial bearings at the ends
of the rotating leadscrews. Cause the size of the forces on the axial bearing cause by
the pull stress is influenced strongly by the temperature of the leadscrew and
machine parts around, so there is the danger of over load and destruction of the axial
bearings.

An alternative solution to avoid the overload destruction of axial bearings is to use a
hydrostatic system with fixed, prestressed leadscrew and a rotating hydrostatic nut.

Rotating leadscrew or rotating nut?

The main argument for use of a hydrostatic leadscrew system with a rotation nut or a
rotating screw are:

- the system with rotating nut needs space for a motor in the slide with belt driven or
direct connection. At rotating leadscrew, the motor can be connected at one end of
the leadscrew.

- At long spindles, the centrifugal mass of the rotating nut is smaller than the
centrifugal mass of the spindle with all rotating parts.

- At long or/and high speed rotating leadscrews, it's important, not to go over the
critical rpom caused by bending swinging.

- A leadscrew with rotating nut can be easier controlled by the CNC cause there is
less time distance between the turn and the linear motion caused there is no
torsion spring effect of the leadscrew.

The rotating oil transmission to the hydrostatic nut and the bearing is included and is
supplied complete. The drive of a hydrostatic nut can be done with a belt. We are
developing now a hollow servo motor with a specialist, in order to be able to supply a
rotating hydrostatic nut with bearings, rotary transmission lead through and direct
motor.

Fixture of hydrostatic nut with rotating leadscrew

Hydrostatic nuts are fixed with screws through a flange to the slide or machine bed.
You can select a round flange or a square flange. Please look at Drw. 6 for the nut
standard size 50.

These two normal sized flanges of the hydrostatic nut should be used if enough
space is available. If not enough space is available for the standard flange, the small
flange type might fit, which need a special hole in the slide. (see Drw.7 for size 50)

These type of hydrostatic nuts has an integrated PM-flow controller system, so only
one oil supply from the pump is needed. One type of those hydrostatic nuts can take
radial forces, multiple less than axial forces, but enough to carry the weight of a short
spindle assembled horizontal. For the small flange type of the hydrostatic nut, a
attachment block is available to screw on the slide, in which the nut can be
assembled - see Drw.8 for size 50,

HYPROSTATIK Schonfeld GmbH, Zillenhardtstr. 19, D-73037 Géppingen
Tel.: xx49 (0)7161/818611, Fax.: xx49 (0)7161/812782,
E-Mail: hyprostatik@imos.de, Internet. hitp://www.hyprostatik.de



Technical Information hydrostatic leadscrew Page 3

2.5

41

4.2

4.3

Hydrostatic leadscrew for high speed

Standard hydrostatic leadscrews size 50 with 10mm pitch can be used op to a linear
speed of 30 m/min max. at 3000 rpm. At short spindles higher speeds with low
viscosity oil are possible.

When higher slide speeds are needed, leadscrews with larger pitch should be used.
Those need for the same feed force a higher torque at the motor. At higher pitch, the
changed transmission between motor and slide results less precision of positioning,
machine way and stiffness at same CNC-Quality.

Advantages at use of our PM-flow controlier

Cause of the extraordinary features of our patented PM-flow controller, 4 to 5 times
higher stiffness can be reached than same systems with capillary tubes .Further with
PM-flow controller, up to 90% of the pump pressure can be used in the hydrostatic
pockets.This means that a difference pressure of 80% of the pump pressure,
between the right and the left part of the nut can work against the axial load, without
reserve.

Only by use of PM-flow controller instead of capillary tubes hydrostatic leadscrew
systems with high stiffness and load ability could be produced economical .

Design information
Oilsupply, oil exit, back lead of the ail

The PM-flow controllers, which regulate the flow and the pressure of the hydrostatic
pockets, are integrated in the hydrostatic nut. It needs to design only one oilsupply to
the nut and no controllers between the hydraulic aggregate and the nut.

Normally hydrostatic leadscrews are installed in the guide way under a covering.
There the oil can go out at both ends of the nut.

In some cases, the oil output at both nut ends can not be accepted. For this case,
sealing has been developed , which are not free for the series now at end of 1997.
Using this sealing, a complete tightness can not be reached. Small leakage will be
normal. Even now, we have no information on the life of the sealings.

Self locking

In opposite to ballscrews, hydrostatic leadscrews with standard pitch locks itself,
short time after ,turn of* the hydrostatic. Cause of this, there are some essential
advantages at vertical use especially at assembly and repair.

Installation space and position

Cause of the special system of hydrostatic nuts and the attached PM-flow controllers,
the needed space for a hydrostatic nut is normally more than for a according
baliscrews nut. Never the less, we made a nut with small sized flange size 50, which
is all most adapted to the according ballscrew nut in order that the space for a
ballscrew is enough for a hydrostatic leadscrew of same size. The hydrostatic
leadscrew can be used at any position.
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4.4 Crash - Information’s

The hydrostatic leadscrews can be overloaded a very short time e.qg. if the slide has a
crash, without getting contact between nut and leadscrew. This may avoid a damage
of the hydrostatic leadscrew in some crashes. But this will lead to a higher crash-
stress in the drive system.

It is important not to loose the system by turning the nut or the leadscrew. This
will damage the leadscrew.

There must be designed a stop bolt, which stops the slide at the end of the guide
way, which can be loosened. After a crash, the hydrostatic leadscrew can be used
again, when there is no more stress and force an the leadscrew any more and it is
not damaged.

5. Technical data
5.1  Main measure and technical data
Table | list technical data of hydrostatic leadscrew systems of different sizes. All listed

loadability are calculated with 50% reserve and max. pump pressure of 80 bar. In
special case pump pressure of 160 bar with double loadability may be possible.

Size 50 63 80 100 125 160
Thread - O.D. mm 52 65 80 100 125 160
Thread - 1.D. mm 36 45 55,5 69,5 88 112
Nut - 1.D. Mn 37 46 57 71 80 114
pitch: mm 10 12 16 20 20 25
flank angle: ° 20 20 20 20 20 20
max - turns: 6 6 6 6 6 6
surface / turn: cm? 8,1 12,7 18,9 28,6 441 74,6
min. cut diameter: cm? 10,2 15,9 24,2 37,9 60,8 98,5
max. loadability

at 80 bar/turn: *) kN 3,7 57 8,5 12,8 20,0 33,3
max. loadability

at 80 bar/6 torns: *) kN 22,0 34,0 51,0 77 120 200

Table | Measure and technical data of hydrostatic leadscrews
*) witch 50% load reserve
1997: leadscrews size 50 available in short time, others on request
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5.2 Measures of Flange nut

Table Il list the main measures of the hydrostatic nut according to Drw. 1. Measures
of size 63 to 160 bases on designs for special applications and should give an idea to
the possible measures. According to the loadability, smaller sizes might be available.

o1 (P2 D2| |D3

Drw. 1: Drawing of hydrostatic nuts.

Size 50 63 80 100 125 160
D1 mm 52 65 80 100 125 160
.D2° mm 110 130 160 185 220 250
D3 mm 50 170 200 240 280 320
.D4" mm 130 150 180 212 250 285
A mm 70 90 115 145 145 160
B mm 25 30 55 70 70 80
.C* mm 60 70 80 81 85 100
E* mm 8,5 1" 13 17 17 22
X Stack 8 8 8 8 12 16

Table Il, measures of hydrostatic nuts according to Drw. 1 for size 63 to 160 without
obligation.
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5.3

Loadability and stiffness

In Table 11l the loadability and stiffness is listed at 80 bar pump pressure, 6 turns per
nut and 50% reserve. At different configurations, the max. load can be calculated
proportional to the pump pressure and the number of turns of the nut. The stiffness
can be calculated proportional to the number of turns of the nut but only rough
proportional to the pump pressure.

size 50 63 80 100 125 160

Max. Load 22 34 51 77 120 200
Axial stiffness 2,5 3,7 55 8,6 12,5 20

54

Table lll, loadability and stiffness of hydrostatic leadscrews at 80 bar pump pressure
and 50% load reserve and each 6 turns

Data for oilsupply, loss energy and speed for some examples. In table IV
some examples with extended data are listed especially needed oil flow, oil type, oil
heating, total loss energy at no and max. speed according to max. speed.

Spindel - size 50 50 50 80  160%
max. speed rpm 2000 4000 4000 1000 160
lead / pitch mm 10 10 25 25 25
max. speed m/min 20 40 100 25 4
carrying thread turns

right 5 4 4 5 6

left 3 4 4 2 4
loadability right” kN 10 10 10 50 500

left” kN 5 10 10 15 320

axial stiffness of the nut N/um 1250 1000 1000 1500 4000
pump pressure bar 50 63 63 100 160
oiltype according VG32 VG22 VG22 VG68 VG100
needed oil fiow at

oil temperature 40°C  I/min 1,3 2,8 2,8 47 5,8
friction power of the nut at

max. rpm w 90 180 180 160 68
max. total loss energy (pump + friction power)

at 0 rpm w 145 390 390 1050 2000

at max. rpm w 235 570 570 1210 2070
oil heating

at Orpm °C 42 52 52 8,2 11,8

at max. rpm °C 10,5 12,0 12,0 14,0 13,0

Table 1V: technical data of produced and projected hydrostatic leadscrews.
" with 50% load reserve
2 with 26% load reserve at max. 32 °C oil temperature
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6. Use and assembly of hydrostatic leadscrew systems
6.1 Receiving a hydrostatic leadscrew

If oilsupply is turned off and the spindle is not installed e.g. at transportation, the
spindle can be moved axial in the spindle. This clearance depends on the size and is
between 25 to 50um axial and 34 to 69um radial caused by the flank angle of 20°.

To avoid damage of transport, the leadscrew is shipped disassembled aside the
hydrostatic nut.

6.2  Assembly of a hydrostatic leadscrew system

Cause there are no loose parts, the leadscrew can be turned in easily. To avoid
damage at the hydrostatic nut, it is necessary to put on the insert end of the
leadscrew a plastic protecting bushing which outer diameter is a bit smaller than the
inner diameter of the hydrostatic nut, see Drw. 2. The spindle is almost centred if the
plastic protecting bushing is in the nut. Moreover this, we advice to lead the
leadscrew at its outer thread diameter with a flange shown in Drw. 2.

Caution: screw in very carefully

Every leadscrew is paired to a hydrostatic nut. Only leadscrew and nuts, which
belong together (look at the series number) can be used together. The sides of the
leadscrew flanks are paired to the flanks of the nut. So one end of the leadscrew is
only allowed to turn in one side of the hydrostatic nut.

Please lock at the definition drawing where you can see the correct assembly. (look
at oil supply hole)

The right position of the nut is secure identified by the oil supply whole. Some times
the nut can be identified by the not symmetrical form.

After the leadscrew is almost in the first half of the nut, the leadscrew should be
turned in the rest with a bit pull.

At every hydrostatic leadscrew system, a identification drawing and a assembly
information is send with.

plastic flange

plastic protecting bushing

Abb. 2 assembly protecting bushing and flange

HYPROSTATIK Schonfeld GmbH, Zillenhardtstr. 19, D-73037 Géppingen
Tel.: xx49 (0)7161/818611, Fax.: xx49 (0)7161/812782,
E-Mail: hyprostatik@imos.de, Internet: http://www.hyprostatik.de



Technical Information hydrostatic leadscrew Page 8

6.3  Adjustment of the hydrostatic nut to the leadscrew

If the hydrostatic nut should be hold in correct position without hydraulic pressure
e.g.

— to measure the attach surface at the base type, see Drw. 3,5
- to adjust a mounting ring see Drw. 3, 4
— or to hold the not fixed nut in correct position

a special support axle, which has ends like the leadscrew, is needed. For this, the nut
is fixed to the support axle at diameter D2 and the plain surface like it shown in Drw.
4. 0r5.

When the hydrostatic leadscrew system is used together with a hydrostatic guide

way, the leadscrew should be adjusted centerly to the hydrostatic nut at working
hydrostatic guide way.

6.4  Assembly tolerances for hydrostatic leadscrews
The installation tolerances of the hydrostatic leadscrews system is comparable to

high precision ballscrews. The obligate allowed tolerances are defined in the order
drawing we make for every spindle type. Tolerances without obligation are in Drw. 8.

tolerance at flange type tolerance with attachement block
'
75006 [A u L : i
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1! i :
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Y ) o I O O L
1 I B - - A ' !
a f P
13 |
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_— bl -
nter of | /'é—J — ~
hydrostatic nut hydrostatic nut attachment block

center of leadscrew

Drw. 3: Instaliation tolerances
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Technical information to hydrostatic spindles.

1. Advantage and disadvantage of hydrostatic spindles compared with different
spindles systems.

advantages: disadvantages:
- free of wear, - higher costs by additional needed hydraulic
- multiple higher damping power unit
than ball beard spindles; - only with capillary tube system or
- excellent runout; comparable systems, not with PM-flow
- good friction heat removal with the controller spindles can carry only small
- there is the danger of forces to avoid damage by overload
- easy supervision of bearing features - difficult calculation and optimisation

and forces by measuring the pressure
of the one or more pockets;

Advantages mit System "HYPROSTATIK®"

with PM-flow controller:

- very high stiffness possible;

- multiple lower loss energy;

- very high loadability;

- low heating in the behrings;

- potencies higher vibration damping
optimised with computer calculation;

- spindle can run with max. lead all time
even at inax. speed without wear and stiffness loss;

- alrnost rpm independent features.

2. Advantages of hydrostatic spindles System "HYPROSTATIK®" with
PM-flow controlier.

At use of capillary tubes for control of the oil flow to the hydrostatic pockets, the oil flow to
through the capillary tube is proportional to the difference pressure over the capillary tube.
So the flow is reduced at increasing pressure in the pocket. In opposite to a system with
constant flow, the gap will change hardly to get the needed pocket pressure change at
changing pocket load. ‘

At use of our PM-flow controller, more oil is feeded in the pocket at increasing pocket
pressure. The same change of pocket pressure is reached with a much smaller change of the
gap than using constant flow or capilary tube system. At proper dimensioning of our PM-
flow controller, a almost endless sized stiffness can be reached.

By using of HYPROSTATIK PM-flow controller instead of capillary tubes multiple
higher stiffness and multiple less displacement can be reached compared with usual
capillary tubes. A stiffness increase of 4 to 5 times is realistic.
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2.1 Multiple higher function safety compared with capillary system.

2.1.1 Minimum gap in the radial bearing at loaded spindel.

Cause of the curved form of the circle formed hydrostatic gap of radial bearings, only
direct in force direction, the gap is reduced same size than spindle displacement. With
larger angle to force direction, the gap reduction i1s smaller according cos-function.
At load of a 4 pocket radial bearing in direction on the land between two pockets, the gap
in same pockets in 90° angle to the force keep constant. In opposite to hydrostatic pockets
at plain surfaces, this curved formed hydrostatic pockets need a essential larger
displacement to reach a comparable flow off resistant.

Using capillary tubes for flow control to hydrostatic radial bearings

large displacement of the spindle follow even at medium load, caused by curved land form
and in chapter 2 described oil flow reduction at increased load. Often a force which should
be able to be carried caused of pocket surface and pump pressure can not be taken cause
the spindle get contact before the flow off resistance is enlarged properly. This problem
get more worse by the heating of the oil at rotation of the spindle.

Using PM-flow controller for flow control to hydrostatic radial bearings

the rising oil flow to the larger loaded pocket will lead to much smaller displacement. This
also reduce the influence of curved form of the frame of a hydrostatic radial bearing
pocket. With PM-flow controller from HYPROSTATIK® it is always possible to get a
large pressure increase in the loaded pocket at sufficient minimal distance between spindle
and bearing. )

2.1.2 reduction of min. gap in the loaded bearing by oil heating of friction of the
rotating spindle

The friction power is inverse proportional to the gap height and increase with the square of
spindle speed.

At capillary tube flow supply to hydrostatic pockets

as above explained, the gap of a loaded pocket will get hardly smaller, which drastically
increase the friction in these pocket. This hardly increased friction power heats the reduced
flow of this pocket, which increase oil temperature and reduce the viscosity extreme in the
land area of the pocket. The reduced oil viscosity lead also to enlarged displacement and
smaller gap at same load.

With increased speed, reduced viscosity of oil in the loaded pocket, the spindle
displacement get larger and larger. At sufficient load and speed the spindle displacement
get so big, that the spindle get contact with the bearing, which damage or destroy the
spindle. _

This coherence, which has not been noticed a lot of times in the past by other companies,
is the reason, why many hydrostatic spindle break through and get damaged.
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2.2

2.3

When PM-flow controller feed hydrostatic pockets,

the more loaded pocket get a enlarger oil flow. At increase load, the displacement of the
spindle and the friction power increase in much less size than using capillary tubes. So the
low increased friction power is spread to also increased oil flow. At proper dimensioned
PM-flow controller it can be reached, that the rise of oil flow in the loaded pocket is same
or bigger than the rise of friction power in the same pocket. So even at high forces, the oil
temperature in the loaded pocket get not higher than in the unloaded pocket and the oil
viscosity is not reduced.

This result that using the PM-flow controller from HYPROSTATIK® there is no danger of
damage or destruction like it is possible using capillary tubes.

Essential higher loadability by use of PM-flow controller.

The PM-flow controller need a min. difference pressure of max 10% of the pump pressure.
With that the max possible pocket pressure can be 90% of the pump pressure without
reserve. Case the oil flow through the loaded pocket is very big — e.g. double size than
unloaded — the gap size is sufficient in spite of the high pocket pressure. At usual
adaptation with our PM-flow controller is the pocket pressure of the unloaded pocket less
than 10% of the pump pressure. The difference pressure between two opposite pockets can
reach 80% of the pump pressure to take high forces. So the loadability of pockets with
PM-flow controller from HYPROSTATIK® is very high.

When a spindle with capillary tubes get loaded to 90% pocket pressure, the oil flow get to
less than 20% (!) of the flow at unloaded spindle, at usual dimension of the oil flow. This
flow is not enough to avoid contact between the spindle and bearing. So capillary tube
based spindle can have only a max. pocket pressure of 70% of the pump pressure.

At usual calculation, the pocket pressure on the opposite unloaded pocket is reduced only
to 30% of the pump pressure. So with capillary tubes the max. difference pressure between
two opposite, one loaded, one unloaded pockets is only about 40% of the pump pressure to
take force.

The loadability of a radial bearing by using the PM-flow controller of
HYPROSTATIK® instead of capillary tubes is increase about 100%.

Hydrostatic spindle according system HYPROSTATIK® can take max. load at top
speed without any wear.

As explained in chapter 2.1.2, the spindle according system HYPROSTATIK® can be
loaded all time with max. calculated force even if the spindle is running at max. calculated
speed all the time.

When capillary tubes feeded hydrostatic bearings, the max allowed force need to be
clearly reduced at high rpm. This also same at ball beared spindles.

HYPROSTATIK Schénfeld GmbH, Fraunhoferstr. 8, D-73037 Goppingen,
Tel : xx49 (0)7161/965959-0, Fax.: xx49 (0)7161/965959-20,
E-Mail: info@hyprostatik.de, Intemet- hutp://www.hyprostatik.de



Technical Information to hydiostatic spindles page 6

2.4

2.5

multiple reduced loss energy and/or much higher speed possible

A important safety feature of a hydrostatic bearing is the min. hydrostatic gap at max force
on the bearing. Comparable bearings have same min. gap at max. load.

Cause the flow in max. loaded pockets at feed with capillary tubes is hardly reduced, and
at feed with PM-flow controller hardly increased, usually a much thinner oil can be used
with PM-flow controller than with capillary tubes.

By using PM-flow controller from HYPROSTATIK® a multiple reduction of friction
power or a much higher spindle speed can be reached than using capillary tubes or the
spindles with preresistor opposite of the pocket.

A reduction of friction power by to 1/3 and a 50% higher max. speed of the spmdle by
using of PM-flow controller from HYPROSTATIK® are realistic.

heating of the spindle by friction power at high speed, cooling of the oil

By the reduced friction ( see chapter 2.4 ) at comparable spindles a essential reduced oil
heating is reached as using capillary tube feeded spindles.

At comparable loadability, a much lower pump pressure is needed when PM-flow
controller are used instead of capillary tubes (see chapter 2.2 ), so the oil heating by the
pump energy is also much lower with PM-flow controller than with capillary tubes.

A special low oil heating is reached, when the spindle with calculated with a bit enlarged
oil flow. Especially at extreme high rpm a bit higher loss energy should be expected than
min. necessary to get a spindle without heating usually known from ball bearing spindles.

A further possibility to reduce temperature changes of bearing parts is, to cover the spindle
and bearing parts by a layer of heat isolation. When e.g. the spindle is covered by ceramic
or the areas in the bearing which get contact with exit oil is covered with a layer of plastic,
the heating of the bearing parts can be reduced hardly. Then the friction heating of the
spindle is transported almost completely out of the spindle with the hydrostatic oil.

For low heating of a spindle it is necessary that the oil is cooled low under room
temperature before it enters the spindle.

In enclosed technical desciption about different spindles, there is always the temperature
increase, which the oil is heated by pump- and friction engergy when it pass the spindle.
The typical heating at max. speed in this calculation is between 6 and 12°C. The oil
heating at smaller speed is much lower.

By above mentioned means, the difference temperature of the bearing to room temperature
can be limited to 6 to 1 °C. This make it possible to make a extreme cool spindle with a
very low thermal move and a extreme low heat input in the machine.

HYPROSTATIK Schonfeld GmbH, Fraunhoferstr. 8, D-73037 Géppingen,
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3.

3.1

3.2

Physical limits at calculation of hydrostatic spindles
Optimisation to min. loss energy.

As it is right in technical literature, min. loss energy is reached, if gap and oil viscosity is
0. Then the pump energy and the friction energy and the total loss energy is 0.

But it is not possible to use this in real. Min. total loss energy is reach, if viscosity is low
as possible and the gap is as small as possible.

When the gap is fixed the min. total loss energy is calculated by pump- and friction energy
with chosen oil viscosity, which lead to same size of pump- and friction energy.

If the oil viscosity is fixed, the min. total loss energy is calculated with a gap which result
that the friction energy is three time higher than the pump energy.

At extreme high rpm, spindle calculation according above rules is normally not possible,
cause than the heating of oil get too large and thermal disadvantages can not be avoided. In
this cases, a enlarged oil flow a same friction energy will limit oil temperature to a lower
level, the o1l will be leaded out of the spindle on shortest way and the oil covered parts are
heat isolated. )

Optimisation for min. loss energy and best damping.

Low friction at fixed gap size request a Jow product by oil viscosity and land width (n x b
)- High damping at medium and high frequencies request a high product by oil viscosity
and third potency of land gap (1 x ). Both aims can be only fulfilled, if at given product
(n x b)) the oil viscosity 1 is chosen as low as possible and the land width b is chosen as
big as possible. Lowest possible friction and best damping can only be reached by
sufficient low viscosity and big land width.

The radial deflection at the spindle at cutting position result by the part of spindle bending
and second by the deflection of the radial bearings.

With fixed spindle design and the stiffness of the radial bearings, a optimum distance
between the bearings can be calculated, where the stiffness at working position is
maximum.

Cause the spindle deflection result by the almost undamped bending of the spindle
material, and the hydrostatic bearing have a excellent damping, it should be tried
conception of the spindle, to make the spindle as large as possible, and the stiffness of the
bearings only as large as necessary. Sometimes this lead to a lower total stiffness at the
working position, but will enlarge total damping drastically.
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4. bearing types

Our spindle bearings are produced mainly adapted to the requests of the application.

For comparable applications there will be variety of same designs which can be adapted.
Our design concept is presented in sketch 1:

At central spindle case, both side hydrostatic bearings with radial bearing pockets are
attached. Around the bearing are the PM-flow controller, which control the flow in the
pocket. The oil from the pump is spread by a channel at the axial flange side of the
bearing. The oil enter the spindle case and split it up in the two bearings. The axial bearing
pockets are at on bearing, which have two more PM-flow controller.

4.1 sealing.

To seal the bearing to entering dirt or liquid and to leaking hydrostatic oil, labyrinth
sealings supported with pressure air are used especially at high rpm. At this sealing, the
centrifugal force in the axial sealing gap support the sealing function of the sealing air at
spindle rotation. Also this sealing type is free of wear. It is very important, that the oil can
exit the spindle in sufficient sized pipe only down to the tank. It is alternative possible to
use common contact sealing especially at lower rpm.

4.2 aeration of spindle bearings.

To reach the low loss energy level of the spiadle, it is necessary to avoid that the spindle is
running with all areas full with oil. To be sure that there is a low quantity of oil between
the bearings the spindle need a small flow of air with a bit overpressure is needed. This can
be done by the air pressure support of the labyrinth sealings. Surplus exit the spindle case
with the hydraulic oil in the tank of the hydraulic power unit and need to be separated
there. Above described design concept is used in workpiece spindles for grinders, which
HYPROSTATIK have presented at the exhibition METAV 2000 in Diisseldorf. The
spindle is sealed by a pressured air supported labyrinth sealing. The same concept,
changed according the requirements, is used for spindles for high loads, used in lathes or
milling machines. Technical data for such spindles are at page 11 of this information.
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5.1

5.2

requirements on the hydraulic power system for feed of hydrostatic bearings

The hydraulic power unit for feed of hydrostatic spindles has the task to take the oil,
returned from the spindle. It should separate the air in the oil, filter and cool the oil. With
the pump the oil gets the for the spindle needed pressure and is transported to the spindle.
The pump need to have low vibration. Al components need to be useful for the sometimes
very low viscosity of the hydrostatic oil. The pump need to keep the pump pressure during
the move of the spindle.

aeration of the oil.

The inner area of the hydrostatic spindle between the bearings need to be filled almost
complete with air, except the oil exit from the bearing to the tank. This request, that the
inner area need to have at least low enlarged overpressure against the atmosphere, by a
constant small flow of pressured air. Normally this air is supplied by the sealing air
automatically.

This air flow exit the spindle case with the hydrostatic oil and enter the tank where it need
to be separated out of the oil before the oil can be sucked from the pump again.

filtering of the oil.

Our hydraulic power units in standard version have a circuiation pump for oil supply to a
heat exchanging unit. Normally this pump is combined with the pressure pump, which
need only on motor for both pumps. To get a long live for the main pump, the main filter is
positioned after the circulation pump, in order that the pressure pump can suck only filterd
o1l. For best secure the PM-flow controller to dirt, there is second filter after the pressure
pump, which keep loosening of the pump and pipes of hydraulic power unit. This filter is
positioned best very close to the spindle. If this is not possible, this filter can be assembled
at the hydraulic power unit, but then the spindle is not secure to loosening of the pipes
inner area between hydraulic power unit and spindle.

The filer after the circulation pump has filer quality 10 or 6um. The filter after the main
pump should have 10pm qualtity.
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5.3 cooling of the oil.

The oil is cooled by a oil-fluid heat exchanger by a external cool fluid, or by a separate
cooling unit. Cooling with a low cost oil-air heat exchanger is only possible at spindles
with low max. rpm with low friction heating.

To keep the temperature of hydrostatic oil constant, the temperature of the external cooling
fluid should stay as constant as possible. When a cooling unit is used, it should work
continuos, which mean that the cooling power is controlled to the demand. Two point
cooling units which only turn on and off are less useful.

5.4 oil supply at current malfunction.

Especially at high speed hydrostatic spindles, low viscosity oil and small land width is
needed to reach best features. Emergency run features by sufficient hydrodynamic
loadability can be reached only in exceptional cases. It is necessary to have always the full
pump pressure at the spindle when it moves. Otherwise the spindle can be damaged
immediately.

This is also valid at current malfunction
This can be reached with tree alternatives
54.1 By pressure storage hetween the pump and the spindle

This is the cheapest version at low flow volume out of the pressure storage, which need a
very short time for breaking the spindle to 0 rpm. The disadvantage is that the hydraulic
pressure is reduced with the flow out of the storage. To keep the pressure reduction in
limits, the storage volume can be used only to 15, max. 20% of max. filling. If a spindle
with oil flow of 10 I/min need to be feeded 6 seconds by a storage, a storage of 6 liter is
necessary. This storage can be maintained only by specialists. The function of the storage
is endangered by gas leakage. If malfunction by gas leakage should be excluded, the gas
pressure need to be controlled.

5.4.2 With a self adjustable pump and flywheel on the pump shaft.

This solution can be used for longer breaking times of the spindle. For oil feed of the
spindle a pump with self adjustable flow rate is used, which has a double max. flow rate
than the spindle need max. at usual work. The controller of the pump adjust the flow of the
pump that the requested pressure is at the spindle. Sparate beared and connected with the
shaft of the pump, a sufficient dimensioned flywheel is fixed. At current malfunction the
flywheel drive the pump for a certain time and the control pump compensate the reducing
pump rpm up to the half . During this time, the pressure and the flow quantity for feed of
the spindle is almost not reduced.

This alternative can be used for a breaking time up to 20 seconds.
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5.4.3

5.5

This solution is endangered when the pump get stuck suddenly and by malfunction of the
flow controller of the pump. Cause the malfunction of the pump will announced by a
hardly increase of the motor current, the danger can be reduced by the usual supervision of
the motor current.

With electrical storage (battery).

When a low voltage direct current motor is used for drive of the pump, this motor can be
feeded a certain time after current malfunction by a electrical battery. A 12 Volt battery
with 20 Ah capacity can supply 240 Watt for 3 minutes or almost 4,8 kW for 3 minutes.
Alternative, the direct current motor can be changed to a AC-motor. With this expensive
method the oil supply can be hold some minutes, depending on the size of the battery.

pressure pumps.

Eighter with constant flow or with self adjusting flow rate, pumps are available also for
low viscosity oil.

hydraulic power units.

On page 12 or 13 a drawing and a hydraulic plan of a hydraulic power unit with pump with
constant flow rate and hydraulic storage and cooling unit is showed. :
On page 14 and 15 same drawing and hydraulic plan show a hydraulic power unit with self
flow adjusting pump, flywheel and heat exchanger.

Both hydraulic power units have show the usefulness already in practical us in many
times.
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Workpiece- or grindingspindle for a cylindrical grinder
FO2 Lager 02 210
/ 210 160 )
1
/ Fw2 " Fwl
—7 \ }
vIil s || !
N . ~ B, VY IR ‘
. | ® /A\ ,:) - /
_L T\ ]
/] . /
7 30
150 / 16 \ W2 w1
FO01

technical data of the spindle:

bearing number
bearing diameter

max. speed

max. radial load Fwl
max. radial load Fw2
max load

load reserve

stiffness at point "W1"
stiffness at point "W2"
stiffness at bearing
spindle angle deflection
in the radial bearings
oil type

pump pressure

max. oil flow at 35 °C

friction power at 2000 U/min
3000 U/min
oil heating at 3000 U/min

pump loss energy with
efficiency 1 =10,8
max. cooling power

N/pm
N/pum
N/pm

mrad

bar
I/min
W

W
°C

w
w

1Lager 01 /

radial bearing double- all bearings
front rear axialbearing
LO1 LO02 L03/04
82 82 86/110
3000
1500
1700
3000 1500 1250/-500
100 300 100/150
63
110
1080 900 300
0,052 0,011
VG2
50
2,5 24 2,2 7,1
70 70 30 170
150 140 55 345
7,5 7,5 5,5 6,3
920
1270
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example: workpiece spindle for CNC-lathe,
drive power 25 kW.

page 14

¢ 110

technical data of the bearing:

470 ] 280
1
Lager 02, FO2 40, | 200
(&
: 4 N
T il
2 N A N~ A 2
I . Y ‘,___//‘ __:____Z/\___
_L. Lager01, Fo1 /.
390 80 W2, Fw2

Wi _Fwi

radial bearing double-  all bearings
front rear axialbearing

bearing number LO1 LO02 £03/04
bearing diameter mm 82 82 86/110
max. speed rpm 4000
max. radial load Fwl N 12500
max. radial load Fw2 N 14000
max. load N 20000 16000 + 20000
laod reserve % 60 100 60
stiffness at point "W1" N/um 115
stiffness at ‘point "W2" N/pm 220
bearing stiffness N/um 1400 1000 1600
spindle angel deflection
in radial bearing mrad 0,2 0,006
oil type about VG2
pump pressure bar 80
max. oil flow at 35 °C I/min 4,6 3,9 43 12,8
friction power at 3200 rpm W 440 310 420 1170

4000 rppm W 680 480 650 1810
oil heating at 3200 rpm °C 11,5 10,5 12,5 11,5
pump loss energy with
efficiency n = 0,85 A\ 2000
max. cooling power W 3800
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Tools for Ti6Al4V demo workpiece - aircraft

1.

(V3]

12.

16.

Facemilling surface of workpiece
= Cutter: R245-125Q40-12M
* Insert: R245-12T3E-ML 1025

Roughing outside profile of plane
= Cutter: Engineered R390LE D=40
» Insert: R390-11T308M-PL 1025

Roughing/semi-finishing/finishing nose pocket
* Solid endmill: R216.44-06030-AK13L 1020

Roughing thin walls behind wings
= Cutter: R390-016A16-11L
* Insert: R390-11T316M-PM 1025

Roughing right engine pocket
= Cutter: R216-12A20-045
* Insert: R216-1202M-M 1025

Roughing upper right pbcket

* Cutter: Engineered 390LE D=40
* Insert: R390-11T316M-PM 1025 (End insert)
. R390-11T308M-PL 1025

Roughing wing pockets
= Cutter: R390-020A20-11M
* Insert: R390-11T308M-PL 1025

Roughing engine profile
= Solid endmill: R216.33-10045-AC19P 1020

Finishing outside profile of plane
= Solid endmill:  R216.34-10045-AC22N 1020

. Roughing fuselage pocket

* Cutter: R200-028A32-12M
* RCHT 1204M0-PL 1025

. Roughing tail section pocket

« Cutter: R300-015A20L-07L
» Insert: R300-0724E-PM 1025

Finishing parts of fuselage and tail section pockets
* Solid endmill:  R216.44-12030-AK26L 1020

. Finishing thin walls profile

* Solid endmill:  R216.34-08045-AC19N 1020

. Finishing left wing pocket

* Solid endmill:  R216.33-20045-AC32P 1020

. Roughing left engine pocket

* Solid endmill:  R216.44-12030-AK26L 1020

Semi-finishing upper left pocket
»  Cutter: R390-040Q16-17M
* Insert: R390-170431M-PM 1025
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