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Numerical Predication of the Performance of Micro Gas
Lubricated Spiral Groove Thrust Bearing

LIU Ren WANG Xiaoli
(School of Mechanical and Vehicular Engineering, Beijing Institute of Technology, Beijing 100081)

Abstract: A numerical analysis of micro spiral groove thrust bearing with gas lubrication is presented. The spiral curve is changed
into straight line by coordinate transformation in order to make it more adaptive to mesh grid. In the new coordinate system, finite
volume method (FVM) is employed for the discretization of Reynolds equation with micro scale effect considered. The block-weight
approach is used to deal with the non-continuity of the groove-land height, so as to ensure the conservation of the mass flow rate on
the boundary of groove land, and then the numerical solution method for the performance of the micro spiral groove thrust bearing
with gas lubrication under ultra high speed, is obtained. The Newton-Raphson method is employed to solve the nonlinear equation
system so that the pressure distribution as well as the bearing capacity is obtained. Through comparison, it is found that when the
micro-scale effect is considered, the bearing capacity of spiral groove thrust bearing is reduced, and the influence of micro-scale
effect on the bearing performance is more obvious with the decreasing of bearing clearance.

Key words: Finite volume method Spiral groove Gas lubrication Micro scale effects
T3 RS 5o

WMORSIHLE R, B TRV EAR N T 10
mm, APRIE—E IR, Bl L s

(e}
=k
Tll}

VERARRRY A R AN Gy
A A UK B 00, SO SIFLIE ST
T PR AR TR I I R R . RSN 4E
SR LA RLRAR . (0 ol TEOR, i
(RIRAGE SRS AR R — A Rl (R A s R
BT, P REdR IR AE L T LLIA 2122 i 5 4 1
AL 2 LK) 20~100 %, BRI AT BRI A e

* [H K AAREHFIE4:(10872031) ALIETTH FARFF %I 4:(3102025) Fl i 55
AL ERHE 51 T &I (B08043) B B I H . 20091121 Y EIHIF
20100611 Y EI& ki

Mr/min L EMS, R SR AR . AR R
FRAER RGO T, 21 B KL 65 nm,
MR 0.65~65.00 um N, S5#R% K, (5 1
H A2 Bl R B A EAE) 7E 0.001~0.100 i Fl 4
AT TLIX, T B R LA 0] Sl AR T 1 e
AT

RS A A R T Al R T T P R REAT T 2K
EA3 T, 235 T 25 BR8N RS LR R
JEE S5 ] (R SRS Ty AR Ty o Tl = X Lk,
WFFCE T 50 R8N R AR e R 7 28 ) P g



114 BB LR ¢

46 5 21 W

IS
1 Heapm

1.1 EEMREMMELEHFIE

CERURFEAN T, S R B ) T
KT, A5 SR )
Veas ~ Vwall = 2 % [ @ (D
oy ay w

K, Ve R TRRBNTRE, v, TR TRE
BETHIP L, 1251 H R, o, AV 2L
CRIR T8 R TR I

mmmmmmRsmNsﬁﬁ&m@wﬁ%ﬁ
T H T AR R O R B AT R,
WA AR N

1689[ 53(1+6K )S‘Z}+

.
ol . op 5

5 @mK) 6 peor-2—( ps
P [p ay} par—=2(ps) ()

p ek
o N

A, K, =06, » I'=1(2-0,)/0,

J1s S NENABEESE, 6 AEEL,

MR, p R TARRERE

1.2 BUBEERENLERRATHESTERRE
B 1 IO SR G s R BT, AR R e A 41

SithAL B 1 s, Nuﬁﬁnllz 9G$u 0L
AERERI S W R A, S, AR, SV

JZ, &, AR B TURIEE,  rip A Foutﬁj\ﬁ'JzEéV\]%
Highz,  FCIA ) XIS R i 2 k) > A REIX . B IX
R h 2t 0 BB e sk,  FLARIA Il

=r, exp((6-6,)tana) (3)
X, 6, F0RHE | SRR AE rn DR SAIE, o
SRS o

’%ﬂr)\lil ’iﬁﬁtﬂﬂ
11 | I
|
L =
% ' a0y
I \ii [ 1]
(e =a AR AR e A R A ABRARR ) il
iR

1 Rokahblssi

X IR A HE D K, th ARSI R
7%, ELRSR A 10 WA Rl 20 T AU EAT B AN REAR

T LR VDI, AT A AR v S5 LA DR UEAR S )
N ASCRHIRTEL AR, K r—0 ks T IR
LMl A &-n AAAR R IR ELER, IFAERAAAR T MY
FIAT BRARAR R T T R 5 20 5 v S iR e
AR AR I BUE T SRR o B 3 B AR L AL A
JEIR LR B2 AL o

WEET
7
o5 S -
Z:|
&
(b) B

2 WRJiERE R 25

el
N
-’y

K3 iR 2 AT Ja BB TR
HAATEZ: WRAEIRe i, R bR it

r
tanx (Zj @

f(r) 1E rm <r <y, W AR T I H A
Sl T . WX FFEInH AR

f(r)=

E=r
5
{ﬂ=9—f@) ©
AR J5 ) T T FE I S s 3Rk 20N
V+(p&*Vp - 6uwépsi, ) =0 (6)
a / a 2 ' 2,
wy{é @%%WHf[f@ﬂ%+
_8_p 1 op T 2\ |.
{ ZEr(E) 5%0+¢Dwa]ﬂ%



2010 4F 11 H

XN AR RS HE T A B AR A 115

1.3 BREH
E—nMkrF, R(O)WILALMN

p = = pOLl
{ § §out t (7)
p§=§in = pin
JE 2 b
pr]:O = p7]=2n: (8)

2 BESA

2.1 BRAFEPRZEENEERRZ

e 4 pos, TEBRELARNR Ty & J7 U
255 0 J7 W RN ARAS, R A A R 2 T k)
Gr AT R TGETE, AR R AR R C Hkid
FNT R0 Q A BRAAFA G, &l 4 b iR
G¥e ny s, w, e VA & T7 Al n J7 0] AT FRAA
HILTt. A, AEJEWE n J7 ) & 7 Mk DK,
N, S, W, E, A, B, D, FlREIEANFTT L
AL C AHARIR Y A

!
P NE
-

Q
K4 s s ] AT BRAAAR

PRI A BRARAR V0 () AR 732U AT B
LA p&°Vp — 6 uwé psi, 14 LK) % TE IR 5 7E 3L
BAEHAANAR R 0, B

cj&( p3*Vp —6p0&psi, )+ndl" =0 9)

A, FRTAHBRARRRIL T, n s fliAL 5 oh
VAT M AL, A5 RN Mot K. (©9)
MBI SO fERUE I N, FEHIA P 1 id
PR, PEANFEHIVR A - U 42 A

1 5T Bk 2P
UL EN—S
Fol ap=fe Af=An 5-2
éin é:in 50
_ p 6 LE? 1
Gl 4O f , (10)
pa pahO 1+6Kn

X, A RH B E RN ARG 7. 5
PR LR ARERERE ) p, 2 KRR
T I A R AA AR 2 O A — A S 4 T
WAE %W
P& =SpyPy +SpsPs +Spw Piy + SpsPp +
E1(1_7w +ﬁc)+E2(l_75 +l_7c)+
Spe (Py + e )Py = Pr + By = Pi) +
Spss (Ps + Pc)(Ps = Po + Pw = D) +
Soww (Pw + P )(Pa— Py + Py —Ps ) +
SPEE(?E"‘Z’C)(I_’F_I;D"'];N_I_’S) (11)
%a=1/tana , NHBERRFWTF
Shop Eop B
Spc Spc Spc

Spy = Vi+a® i—fﬁgf Spn =—%V1+a23”3
7
Sps =N1+d’ i_faé_‘j Spss :%V“‘azgf
7

, AF S, a
SPWZ(I-FCIZ)E SPWW:__

Sp =

$3
5w
i

= =3
Shi = (1 +a’ )i—;%

e

Sper 2253
2%
E|=—AANFS, 7, E) = AANFOT,
Spe =Ay + A+ A4, + 4, (12)
A, B 7y 8 NFR N R AR )
MRS CERARBEEE . Naks i fR%: N, S,
W, E, NN, WW, EE, SS.
22 WEEXALSEREEMNITR
XA e Al 4 ) i AR T S IR A A
T WG A, i 4 s, AT
SURIX AN S VR R 15, K KOGURE
SEOTI) 7 1R A T 3X 2R 3 b A R AR AR AT A
o B4y B8 08 BB EZ o BT PR AR
R FAERE DX ) — B IR B A ) — 3 AR BT 1)
PEAE, 2o BRARFR K3 S AR Rl X B oy 16 LAl
BV o= Rl s oY | P - =R 15 7 P A R EE]
B AARAKE T-3X AN AR B 20 i A A0l DX PR 2 A 65
(RT3 1S/ S U REZ i L ST OB S WD il == o= )
TH I 25840 U PR AU B, A RT3k Ay



116 BB LR ¢

46 5 21 W

1-y o KHXFITER A (12)8 1FEA

Sp=yS, +(1-y)S,

E =yE, +(1-y)E, (13)
L, Sev E,MS E AR A2)T S, E, 1)
S HLs s, . b i N, S, W, E, NN,
WW, EE, SS, 1, 2. #13)RAA)TF BIR
WO ) pe B AR JJiE . AR
Newton-Raphson J772:%f H SR #4521 415 Uk JiME .
B J5 A 2C(14)  (15) 73 ) SRAG AR ) R 49— 1R 7K
By, KomA

F=p, & [[ prdrdn (14)

F:ﬂﬁmmn (15)

3 HEEIR SR

31 EMRETHEREERYR

AT S UE A ST B AR EAE T B X I
M, 3EE T MUIDERMANUO 152 45 SR A S8
A S G AT L o SEBUSHON - RE% k=15,
Fou=15 mm, g =18.1 uN * s/m’>, =36 r/min,
A=6u0E2 [P, S s Dy = Pou =1.0. WG AN S,
Kl 5 epAstt 4, G EBREL g 23nlh: =7, /7,
B=05,/6, - B S MR B AR ) T 45 R
XTI, FEASAARR R S R AT FRAARRUL I T 45 R
JIT I SCHR AT B LT AR SR (B 5 P il ),
WA SO FH 7 12 T AT IR

120 —#—]=0.4, MUJDERMAN —0—1=0.4, &KX

—o—1=0.5, MUIJDERMAN —0— 1=0.5, A3

00 ,Zm — & —1=0.6, MUUDERMAN —— 1=0.6, A&
7" \\—v—i=047, MUIIDERMAN —+—1=(0.7, A

1
0 0.4 0.8 1.2 1.6 2.0 2.4

&ML 8
5 ACEAE T IRAIE

3.2 WRETH®REBMEES

TR Y A SCHE Y B VR T, Tl )
BRI S & PEREREAT 0 Hr, BHAASH T : =5,
u=18.1puN « s/m*, & =2mm, &,=3.05um.

K 6. 7 73 S 2 Mr/min, 7 Mr/min i,
AR €, =1.5 mm A1 & 1) K ) 5304

—o— AN R JERL
1.5 — = =B RRR ER
1.4F
vv
9 180 270 360
SR 1(°)

Kl 6 2Mr/min, P42E=15 mm 4bJE ] & J) 55

—o— T B BN
2.2- —— BB BN

2.0
R 1.8
.R ]
H el
=
i 1.4

1.2

0 90 1%0 2‘70 36‘0
JREFAENC)
K7 7Mr/min, }45E~15 mm A A K 7750 A

SRR BUBE, AR RO,
RERE P25 R AR Ty, 6E 00 A B T R )
AR FRIEEER, 25 RE AR B RN FAS
FEIOR B O, ) s ) oy AT A A A — 3, (HA
2 AR 230, P MR e R A ) Bl 7 s g e A AR
AR S R 2 LS ) IR AE s S ey o IX R RN IR T
TRUBE 0N s SR R i s NI e . e 64 7
IR R I IR M X HE N & X (a i), BRR 3
FERN R ) 5888, 786 X FARE X (b 4b) )8t
W, LB SR 3 R 6 2] 6,), TR
JEE AN AR RS o

Kl 8 LA 7 Mr/min = Is i, A3k ) bifi A il
AP AR E R R, NEI S R, g
AT RN, BEAE Rl AT 19 0 A& 28 )
WD o DRUA R (R B G i, REERE 5 48 S b
N SN P DA VA S Il QT [V N 7oL N
J5£ 20N AN 2 SR RS 20 P 7 28 ) B ekl
DRI A NS ] BB, R B AN B S o il ()
BRI A HAEAE A B R R R A
FERR NI M BRI B i, FES SR 0) T k A2i8
W PRI AL ST R AR I R
FEAESEARW, # R EBUARS T SRR,
I LRI/ g A R %



2010 4 11 H A BN AR R HE ) A Ve BB A 117
1.81 o R R B Engineering for Gas Turbines and Power, 2004, 126:
—— BB RER Y 205-226.

I, Mr X [4] PENG Xudong, TAN Lili, LI Jiyun, et al. Numerical
% L6 analysis of dry gas face seals with spiral groove and inner
Z e annular  groove[C]/ 2008 Second International
um Conference on Integration and Commercialization of
Lar Micro and Nanosystems (MICRONANO2008), June 3-5,

L3k 2008, Clear Water Bay, Kowloon, Hong Kong. 2008:

Tm i 7377

3
SRR Sy

B8 g — ka7 Bl Ak ] B AR AL ) o0 &
4 Hip

(1) R T ASCER R 45 R B R R 1R
Tkl S AAAE AR G5 0 IR, 0 E T AR SCIR
BRI 57595 (5 B

(2) {EHHR B ANMELE, S A TR
EIER, FERR T RSB N A AR
o ORUBE BRI, 2 Al A MR TRl 7K 1) i K B3
1, B BEAR AL T3 AR AR N o

(3) X TR UIR B Rl AR =, AT AE
MBI TR sk, 4 T3 B A
FIAEPE, AR R ) Bl R K e TS
s 25 FE AR 28 0 Al AR P B PR 5 T o

2 % x &

[1] FRECHETTE L G, JACOBSON S A, BREUER K S,
et al. High-speed micro fabricated silicon turbo
machinery and fluid film bearings[J]. Journal of Micro
Electro Mechanical Systems, 2005, 14(1): 141-147.

[2] CHEE W W, XIN Z, JACOBSON S A, et al. A self acting
gas thrust bearing for high-speed micro motors[J]. Journal
of Micromechanics and Micro engineering, 2004, 13(2):
158-164.

[3] ALAN H. EPSTEIN. Millimeter scale micro electro

mechanical systems gas turbine engines[J]. Journal of

[5] YOUICHI N, HIROSHI T. Experimental study of
dynamic characteristics of a centrifugal blood pump with
a conical spiral groove bearing for a ventricular assist
device[C]//ASME  Conf. Proc. 5th Joint Fluids
Engineering Conference, July 30-August 2, 2007, San
Diego, California, USA.2007: 1187-1194.

[6] LIU Yuchuan, SHEN Xinmin, XU Wanfu. Numerical
analysis of dynamic coefficients for gas film face seals[J].
ASME Journal of Tribol., 2002(124): 743-745.

[7] MOHAMED Gad-el Hak. The fluid mechanics of micro
devices [J]. Journal of Fluids Engineering, 1999, 12(1):
5-33.

[8] BURGDORGER A. The Influence of the molecular mean
free path on the performance of hydrodynamic gas
lubricated  bearing[J]. ASME
Engineering, 1959, 81(1): 94-100.

[9] KOGURE K, FUKUI S, MITSUYYAY, et al. Design of

Journal of Basic

negative pressure slider for magnetic recording disks[J]

ASME Lubricated Technology, 1983, 105: 496-502.
[10] MUIJDERMAN E A. Spiral groove bearings [M]. New

York: Philips Technical Library, Springer-Verlag, 1966.

YEZEIN: KB, U, 1984 4 A, W LWFFTE. TN ) AL
AT o

E-mail: niuren@bit.edu.cn

FIRIGBAENEE), 2, 1965 FHH:, L, %, WLHrR/E T,
TR 1) o BRI o

E-mail: xiaoli_ wang@bit.edu.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


