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Analysis and Optimization of Technical Hole Sensitivity of Bed
HU Xu, WEI Hongbo
(College of Mechanical Engineering,Baoji University of Arts and Sciences,Baoji 721016, China)

Abstract; To improve the static and dynamic properties of basalt fiber resinforced polymer concrete bed, taken VMC850B vertical

machining center bed as an example, sensitivity analysis and Monte Carlo method were adopted to analyze 7 process holes in the
bed. Regardless of the influence of hole quality, the weighted natural frequency of the first 3 orders increased by 1%, while the
deformation in x direction decreased by 5%. The research shows that the static performance of basalt fiber resinforced polymer
concrete can be improved by reasonable designing of the size and position of bed hole.

Keywords ; sensitivity analysis; basalt fiber resinforced polymer concrete; process hole; bed

0 3§

HURTERE M2 =5 B FTA AL HL AR 25 48 R0 R FH 3T 78 44
BLPRI TR, SR BT B R R il AL A 2 AT A4 2 Y — A~ 34
AR SR AT e T 2 B IR AT 4 AR LT HETR e ok
il ML R KR AEDY ) b B s A 4 IR TR B
(BFPC) T30 t5 4 P Re i MR RE 4T, TR BN T 44
BT B T

LR A YR BB IR HE A 00 B T RO R, B iz A
5%, Hah A vEfE R AF B2 AL, (5 HBH AR 6 F K 35 2k
AR RS PERE A B . T4 A LIFLIR Jo I THE B2 41 17
SRR FHARLE N LB R R AR R B o TR A | 357 38 2o
IMEAL A AR HL A 554, DL K2 5 BFPC S5 My E s t
AEUY AR SCLL VMCSS0B i T HC R B R SRR R AsHEL
W RSTRAEXT F BFPC IR & #f S MEREMCE AR . TR
B R HT300 ARk, X BN Tk

1 REESFEE

BT 2 AR RTE—E AR R B il
9 B, GInERshasvE R Ay i i IR B 28 5% A
6%, REBEBOTRIEAHANET il Berriki st
— B A, FAHEE AR S 2B R R, BiE X

J R F () A TS (%) ,x,,00 ,x,) BB, S
B —Br REUE S B — e S50, Rom
aF (x)
5= (D
FASH — By R U IE B M S 5S4
B IE AN, HR/N WS 5 5 5 S eR B A DGR
£, UV AT 3 o A0 S (R A R /NI o S B
T£ BFPC IR & REES-Hrh #1205 Ho i ek
AR w M & J7 ) de KASTE R R (PEA B AR ) , S HUON IR
BN BUY T2 4L,

2 BRI FE

ANSYS BER BRI R G A T — & AR A, SR T 5 il
B RV R G L R /NRRRE . AR SCR T 525
%% (Monte—Carlo) , RN IL 8, 5 TR . 158
y = fx,%,000,,) (2)
K w0, WHEIARIBEPLAE &5 y a0 i 45
HRAE RECE AL, T LAHREA S L (0 7 (B S S0 45 R 1
B

_ 1 &
y = W;yi (3)
WREA KR IEZVE R LI TR

BEE&TR B EETRAEIIH (16JK1051) ;538 SC A R HF 5T A 85 BHIF I H ( YISCX18YB35)
FE—EERN HBI(1996—) , B ERE S, BB A BRI 1 LR LR A FRIT 20T R ARAL

- 33 .



- HUHIE -

By, % - BFPC R § T ¥ 3L R BUE 54 Bk AL

$ = Y @)

TRELER A SR s R

LR FL B ) 009 L0, 9 6 4 1D 0 U RE A
Wede, RKHALE A2 H ) R

3 RELHWERITSH

31 KEEHHEIRERWEILGISAN

SEECMI AP 2 LABEH @ DI RMRECL AN £ A il
TR, HASHIEs ¥ oiae, JF A A shi T R 4%
MIGERR . A5 3CLL VMC850B 7 2 Tt Y R B g #5730
HEATA BRIC 20 B FE Ak 1 6 itk 2 g N7 A i Y — ZE R A
IREHE N BRI 2 — BN E 2, 0 T BHE W
ST S | AR SCHE R Solidworks = 48k 4 X R &
11 RIS P 8 T 40/ N RSE AR F faifb b 28,

BT LG AR 73BT, SR INRT TSR HILAJ5 A s ]
TAER (AT EALRY 28 A 5 i AL E5 40 L, AR AR,
TR P SERERE A A3T , RE 1 = 4RI 1 s .

B1 KEH=HER

3.2 MREMS. MRS MR EYE

1) AEHE P15

PR iy 495.83 kg, >R F BFPC 4 %, Hisp i >
4.6 x 10" MPa,JAFAHLN 0.25, %8 p = 2.45 x 10’ kg/m’,

2) A FRIT P& R 43

K HUCE BE R 4 RS AE BB R SE H i B Releven
Center A Medium, ¥.5C R 5 #% & 4 15 mm, Smoothing
Medium, Transition 4 Fast, 4= 515 s 260 202 4>, ¥.oC
146 061 A~ , A% KT PEMdr i o, SR A IESS PEVTA b 7
BTN 0.759 49, IR RIS 1A 5] RLAF

3) A T N

TAEE UULORE MUY J BHEH TR S S
T, BOE 15 3 A o B R B I TH [ €, 2R FH 22 30 22
VI 7, 3% B HEA BAR YT 135

33 RENBAFESTER

TN A (9 PR B A BT b B AR UE AR S AT T AT
SEAARDTRE ST, IR IR B AT — e ik . 2t /)
LERG I WS FHIR S T K 7 20 5 1 2 A T B I 7
Horren

Kiuf = |F| (5)
Forp: KOAHAEL; (R O 1 38006, A 25 8 B I 1] A2 A

©34 .

B, AN AR R R AR ORI B R AT R AL
ME AR BR G N AE = B 2 Fis,

B2 KENERE

FT P 2 TN, R B 4 R RS TE &l 20,657 x 107° m,
R K A R — AL

34 KEHESHTER

PREFE SR s AW AR fE 2L B AT — 58 IHIRITRE
HAT LG NI BE 38 1 RS M T LU s FLAt A () A 3
SRR

IR ST R Y|

Mix} +Kixf = {0} (6)
A MBI ; K W RERERE . A PEE B U 17
DL R A miRsh, AR Bk

x=Xsinwt (7)
WAL BIE TS
(K -o’M) X} = {0] (8)
MIFHEEN o} |, o, HUE BIRESR, B IR00%R
f=w/27 (9)

PREF N A SR IR B AR BT RLAS . (R4,
P B AV BE T2 E O T HARB A 2s  Jr RUAE S B T 72
ISR AT AR 3 MBS E S 4005, B4y
Fred H s e A A JF e e 2 b e A ek, 11 3
HPREH 3 B A AR IE] 3 1 R BB

(a) SBIHRAL LA

ANSYS
R17.0

% y
0.00 1000.00(mm) L.Z
—

500.00

(b) 2B iR &



- HUHIE -

B, % - BFPC K& T L IL R A5 M BAAL

() 3R
B3 K& 3 MiREE

K1 KREESTINERRK
S RE/M RESH A BAERE/mm
1 450.29 IRE A58 2 i i PR30 3.256 8
2 49243 IRE 58« i dh PR sh 5.179 1
3 527.38  KREFSEUAETIGSE « WL IRS) 8.056 1

F 1 IRA A ORI, i 2 AE 3
SRR DR B IR sl AR R, IR B B A B
IER

T AL LUE R o SRS Z IR, (3
SN T IBMEE T2, A I i IR R R R
AR DR N T2, BT LT S ALAE A 0 PR A5 A0 B I/ M
[Al, BFPC /oy —FiRSE £, il T (8 n] [ 16, HAR AR
JH i T BT PR R SRR A JEE ARG, DAk mT L o 5 B s T
FLA /IR A B2 o W Sh S5

4 KEIZFRTRHK

VAR S WER T AL RAL I VI R i RAEUE By
RO S5 28 (oo BURTT 1) B KR T B R 3 B AR
AR B 2, IR A 24 T 240, 0~
X7 A EET EALHEAT T (FLAREIR A AR L)
FLERB) AR EE 1 SEBRI AR 0y — ¢ FLR/INAH IR HS
O AR 4 TR o PO R SRR SR BE T A5
BASTERE, T LB AL A R

f=07xf, +0.2xf, +0.1 xf, (10)
Forpr: fONIAUREZS s £, R i RS
(a) IETIRLA (b) HHTIHLIE] (o) JEMIALIE

B4 FLEWSHE

S RAR R B R R AL o« T 0 A8 R R 3
AL [ A7 4303 RAEUE 3k 2 B, R AR >0, 3%
ARBEAEZ T Y HE R, DAl B BRBE 2 38 s RO (A
FARBEZ 08/

x2 KREBREx FEEERKEE 3 HMNEGRERE

IZ2f/mm RE/ % x FEER/% WREERE %
t -51.7 -10.0 9.1
A -36.2 13.7 7.7
t3 -28.9 7.8 -16.4
Iy -36.3 2.7 6.7
s -36.6 -57.2 38.6
l -36.3 17.3 2.4
t -28.9 2.4 63.2

I 2 AL BN MRS IR B FLSE PR B,
B AL R B B R R, i3k 3 T, AL R
LN PR B B R i 5/, T 28 AT, BOTTRAN HEAE
[RAEE 7S

®3 AAXNERERE

LERE ¢, /mm ty —t; /mm RE/ke
fe/MA 0 0 499.14
SONI] 100 120 494.30

A 7 ] ST RAUEE T 3 B A 353 S £t Ak
FIAR, 2B 7 LAY e (B B o i A S8, il 1o,
Lt e RS B e LR IR B, sk 4 oo

x4 GHTESH B4 mm
IR t, t, ts ty ts tg ty
Wil 80 100 100 100 100 100 100
fifk  99.5 429 487 459 1197 243 174
B% 100 43 49 50 120 24 17

P B FB R A SRR A, AR FOR AT
AT, LT FLRR AR, 85 50 BoR . 20 fL Y
S5, HHT 3 A E A RIS T 1%, [FR) « J7 M AR
TEW b 5% (#5)

x5 FLLWEIEHE BFPC KRB iE8E S5

FE xFHETF(x107)/mm B 3 B EEHZE Hy
Pk 15.45 466.80
hAbfE 14.69 470.20
5 4#HiE

1) REE MM, i T2 LI K/NRIK B 5 i
A BIDE R . ANFLE T EFLXF « J7 10 28T 19 R A5
IEfUR—, BFPC 254 B A M BEA B 7 3E i i i LK
IINFIE B R G

2) BFPC % BERAR, R T 2L 0 F/IN X 5 2 5 T 5
/N, B 5 AR, TEFLR/INKTF IR B A 5505 2 155 AN B
AR TT DL P s e . FEXT BFPC S5 K i fLAL
ARBT /T L 3R i R AT VR Ak B A

(TEE 39 1)

.35 .



- HUHIE - LHEEE .

T F et B ARAG R

B7 fUALETE R e bt

4 %iE

AR LA B i AT
TRURES T OE R A5 0 T 4506
1) LRI s S H0 B AR AT 5 O R A AT
AR ST TOLPERE P AR E AR AL R
BT AL AR T T oL BE T eSS AR T 2 Tol AL
2) X TR U L i M T/ T R AT Y 5 1)
GIATEI S N RETIN B, 5 T 4R B B A 43 A
AR,
3)XFF R MG R D T AR S TR T R 4%
Bl A FBALIE A, rTm I RS R
SE WK
(1] AT, WABERR, 5. TR O B RAR AL 1] Aiss
A, 2017, 32(7) : 1762-1768.
PAGE J H, HIELD P, TUCKER P G. Inverse design of 3D

multistage transonic fans at dual operating points[ J]. Journal of

Turbomachinery,2014,136(4) :041008.

U LG T

[2

[

[3] KORAKIANITIS T, HAMAKHAN I A,REZAIENIA M A, et al.
Design of high — efficiency turbomachinery blades for energy
conversion devices with the three — dimensional prescribed
surfacecurvature distribution blade design ( CIRCLE ) method
[J]. Applied Energy,2012,89(1) :215-227.

SIEVERDING F, RIBI B, CASEY M, et al. Design of industrial
axial compressor blade sections for optimal range and performance
[J]. Journal of Turbomachinery,2004,126(2) :323-331.

[5] STEPHENS H. Supercritical airfoil technology in compressor

—
~
[

cascades ; comparison of theoretical and experimental results[ J].
ATAA Journal ,1979,17(6) :594-600.

[6] STEINERT W,EISENBERG B,STARKEN H. Design and testing of a

controlled diffusion airfoil cascade for industrial axial flow compressor

application[ J]. Journal of Turbomachinery,1991,113(4) ;583-590.

X, A IR (R TR T8O X B AT B R 1

[J]. fuZs 83241, 2006, 21(2) ; 285-289.

SENTHIL K R, KAMBLE S, SWAMY K, et al. Effect of axial

velocity density ratio on the performance of a controlled diffusion

airfoil compressor cascade[ J]. International Journal of Turbo &

Jet—engines,2015,32(4) :305-317.

DORFNER C,HERGT A,NICKE E,et al. Advanced nonaxisymmetric

endwall contouring for axial compressors by generating an aerodynamic

separator—part I:Principal cascade design and compressor application

[J]. Journal of Turbomachinery,2011,133(2) ;021026.

[10] JIESt, B4 4R, % EAH/ KB 485 [ 3 1k
B [J]. Mizs2#ik,2011,32(11) :1987-1997.

[11] HOBBS D E,WEINGOLD H D. Development of controlled diffusion
airfoils for multistage compressor application [ J ]. Journal of
Engineering for Gas Turbines and Power,1984,106(2) :271-278.

[12] RECHTER H, STEINERT W, LEHMANN K. Comparison of
controlled diffusion airfoils with conventional NACA 65 airfoils
developed for stator blade application in a multistage axial
compressor[ J |. Journal of Engineering for Gas Turbines and

Power,1985,107(2) :494-498.

i B HE:2020 - 01 -13

J \WAVAVAVAVAVIVAVIVAVAV \WVAVAVAVIVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIVAIVAV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AV VAV AV AVAVAVAVAVAVAVAVAVAVAVAVAV AV AV IV IV IV A\VAV AV \V \

(L#EE 357)

B30k

(1] 3, Bk, W RT, 55, AL 4R i TR BE 1 SR 45 M ALK L
WhPERFSE[J]. HLARIRTT,2013,30(5) :52-55.

[2] KIM H S,PARK K Y,LEE D G. A study on the epoxy resin
concrete for the ultra—precision machine tool bed[ J]. Journal of
Materials Processing Technology,1995,48(1/2/3/4) .649-655.

[3] BT, HALT AR IR EE L AENURIR B i RIS [ D). K%
RIEFLT K ,2008.

[4] E¥. PURMIBRET AER SR BR0 2 -5 00 RH  45 5 PERE DT
E[D]. T IR K#,2014.

[5]T3ede BT, B4, & LA 21 4 i TR BE L 1 DI ) g
WHFE[)]. 1REEL,2017(6) :93-96.

[6] Toete Bt A, 3 K ah AP IR TR BE 1 MUK BER
SEBETT MEREDTEL M T ]. HUBRIEIT,2017,34(1) :71-75.

[7] TREEXS 47, Foete 45, BEPC HURIEI THEZRAL (P Ak i 3t
FEREPERESTHTLT]. LB T RE%=42,2019,55(9) : 127-135.

(8] F5tk AT, P 5. BFPC KB PRAVR ML

KEVERE T T]. MRl 5K 2018,37(7) :1034-1040.
(9] A, B, W30, 25— ZE R s WL Hi AR A BR o6 40 S A1t
AEBEH[ 1], P EHLAK TR ,2008,19(2) :208-213.
[10] Mz, 2T BLSL 10 i R AERE 8 7 vkl T B 53 [
W IR T W IR Tk K2, 2013.
[11] B3 Mk, %Wz , %5, A B0 g v SEOR 20T v 6 5 s 1F
FE[)]. MU 5 B 3h1k,2019,48(2) . 79-83.
[12] f1#8E5-. CAE 43HT K % : ANSYS Workbench 17.0 BU{E## 5
SEEDRGE AR M. Jb5T . A RMIRHR B RRAE 2017
[13] B EH, AR, T, 4 80 r 20 T o0 R B S 45 1
WIS 50T 1]. MRS 2013 (12) :38-40.
[14] FEIF syl 3L T ANSYS Workbench Fé 8 IR <7 A 45 ¥y 43
Br& At [ 1], #il ok A 31k,2018,40( 10) :64-69.
[15] 5. BFPC HURFERIERBL 454 K = R AT B3
B AT TR AR K2 2015,
[16] BHE, BREFS , - SCAE MUK ST AE RAUE 04T & 2 B ki
FHLI]. HURRE 5 H A, 2009,28(4) 1487-491.

D].

Dl

iE B HE:2020 - 01 -17

-39 .



