A BT
=2 VATES'E
AL i 22 I B (1) AN o2 BE VP €
pEas . EEDT
HAE AL 0] it
Blk: WA EROR AT
TR AN FREH

20100401



FEALIR 2 T B B A1 € BEVE e
W =

RALRZRWENMEFKNEERG, EXROEAERNEERES
HFRAMEW, EEFFEMUNBAEE. —MREONEBERFEAER
WEAHBEE, BREWN THRAREMES RO EEITEHRERLR
AWM. Filt, REMHABLRZENWEFHEEFEEFEER N,

EXBARGMN AR ZR N EAGEEFEHITTHR. MNBARE
WESTEENEASTRIRET SN, FAERBAREONET S, FE
FEBITTREES . UBIRNEERTINE, FETRI-REBHRTE
MRENBEEE. & ERTE, WHBARENNESHEEETIPE.

FETHEAFTNMTRABRRWT:

(DXMEARENMETEZHTBENDR, FNUEIRPHAHEE
RIRHEAT 47 -

(D REZRPZRIRE, EEALFRTRLEBARENBFEER, X
FTHERNEMRE, MEARRENEEERE, T8 THERLIFRTH
BN EEA,

(3) MBAMERLERRERE (GUM) HITAHWEREFE. HHETR
MREFESHNRITHEE . EBRENSHENMRE, REFRATH
R A RARXRBALRZERIRES T EE.

(4) IR R T I ER R, 7 4 BEHLEOR A B — A 2R 4 7 ke 4 U
B, REHITAHERNEE. :

DEBRRIEFBIMBERER AR ZLIFNENMEEXENE R E,
MNERAIREHRITINE, REFHMATLABREX B4 RtTLE, BET
RAETHRMERSEEE, FLURARGTEMLRA.

DEFFRMRN T EX2MUBREZFRKEAN, RFEERREREL, #
PIMREIEFRTARZEVNBEZHOR, RFEENTHANE.

KH: BARE; BRADAZRE: WEAHEE: ZRFD



Evaluation of Measurement Uncertainty in Result of Form and
Position Errors

ABSTRACT

The errors of form and position are parameters for the evaluation of
mechanical components. It has great influence on the performance of products and
the quality of assembly, which should be measurement and controlled.
Measurement uncertainty should be contained in a scientific measurement result.
However, today’s uncertainty evaluation methods to the results of position and
form errors have not been deeply and systematically studied. Thus, a systematic
research on that topic is of great significance.

More systematic research of the evaluation of measurement uncertainty in~
form and position errors was proposed in this paper. The research status of home
and abroad on this subject were surveyed and analyzed. And the measurement
methods and the evaluation methods of form and position errors were
systematically studied. In this paper, based on least square principle a mathematic
model was established from measurement results of coordinate measuring method.
According to the mentioned results, the uncertainties of form and position errors
were assessed.

The main results of work and achievement are as follows:

(1) The measurement methods of form error were summarized and classified.
And the sources of measurement uncertainty were analysised.

(2) Based on the least-squares principle, the mathematical models of form and
position errors were established in the Cartesian coordinate. To the form and
position errors for the rotational, such as roundness error and cylindrical error, the
mathematical models of form and position errors were also established in the polar
coordinates.

(3) The uncertainty evaluation was based on Guide to the Expression of
Uncertainty in Measurement (GUM). The uncertainty of the parameters of form
and position errors, transmission coefficients and parameters of the correlation
were Calculated. Then the standard uncertainty of form and position errors was
evaluated based on GUM.

(4) A probability distribution was established from the random numbers
generated based on the principle of Monte Carlo Method in order to simulate the

measured values and the uncertainties were evaluated later.



(5) The theoretical results were verified by Experiments. Measuring the form
and position errors and then using MATLAB programming to process the
measurement results by different methods of measurement uncertainty. And the
performance of different methods was compared

The results and achievements in this paper have important scientific
significance for the metrology and measuring error theory, and would have

practical worth for the measurement and control to the form and position error of
machinery manufacturing.

Keywords: Form and position error; Uncertainty; Least squares; Monte Carlo
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HESH. REBP-REEBED R FENHFESH a,bch:

n Zzl ZJ’:' n le ZJ’,-
a=3x Yxz yxyl /125 Yx Yxy
Z.Vt Zyizi Zyiz ZJ’¢ in.Vi Zylz
nooYx Yz nooYx 2
b= Zx,. Zx,z Zx,.z, Zx,. Zx,2 Zx, ¥,
Zyi in}’t Zyizi Z)’i thy,' Zyiz
ZZ,- in ZJ’; n th Z-Vi
c=> xz fo > Xy, Zx,. Zx,z DXy,
Yoy 2wy 2yl [y Xy 2y

H AL B B T B B KAE (3, yago 200 VRO B AME (3,0 9,02,) 0 WSFTEIBERZ S

f=d, _dL=(ZM_ZL)_a(xM—xL)_b(yM -y.) (2-4)

Jl+a? +b?

23 AERERPENVEE T &
2.3.1 FENE 5P ETEMR

B R EREEE AR —ESRD LR HEMNRENHEBERRNENE.
B B R = WU B 5k K& KA AR B, Hob X ARAARETE A BIRTE.
WAIREI A RA B X ETUNE, AR RAERREERE T RALIRMERNTE,
BRMNEHEBACAHFROMNEZT A, KEFHEORITER, B MR8
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R, R E A BRI R R AR AR, WX SRR RE
BATHEAE, NMEIEERE. HALFENRHZSFNENRITHNE,
ZAGUENNEAREETEALFNENSTE, SEUBHBENERTN
MEZET, KEFHLORTEE BY-ATRAEALIFR, BHGLIE
HARWNERTEANEALRE, BXEI0AFERTHELE, 53
HERE. XETERABRENHITUE. WERAEALEMRLIERSE
W7k, T—ERXXEMTES ST ESMNEREEEFE".

BEMTESTEERNFXEE., BPZREE. B BERENEX
WEERY. BNKBERREE N HITRE, PRENIREERD, IR
BRI RI=mTEBREAREEER, ARHTENESBEREAL
BREBNRNERZE, IRWAAERE. X=ZHFENRNFZEETE
BENHEE, 2HUARDRE, B ERMBERKADRENZERE. P
DMRBEEGHTEEE, BELRSE, NALRSE. T-HUEDN_RE
EAGINBREREMFELE.

232 FEK BN iR

BRI % [ /52 9 A A U BV 2 A B AR AU AR AR AR AR P o 7 0, BT o8 [ FE A F S
BN E R RARALIER T WD HATFE.

LEfAARRTFE

mE2-4f R, AEASRATELRENED RER. R(xyi),i=1,
2,.,0,0>3 ARMUKGFEEALNMERSER. BRERBRDMZRENTEA

(x-a)f +(y-b) =R, P (ab) HBA_REMEL, R HBPZRAM LS.

RSB NRANBAMERE =r, -R=/(x, —a)’ +(y,-b)’ -R;

Ay

5 Gla.b)

> v

Rmax

Rmin

B 2-4 HAMERTRENR/ D ZFIER
ERERENLHFNESFEIRP EXRMERHEAFHL L TAREMSF:
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WERAEAERNEAR L ZREN A WEREEHEEAVBEE. EHYARE
#T%¢:ﬁ@@@ﬁ:&im&in)
i=] 1=]
BEEEREN -RELERNABEMI AN (5,,00) o0)
WEERETERNY:

f =Gy -a) +(y -8F =z, -a)f +(y, —b) (2-5)
2ARMFRART
NE2-5FR, ERARERTRIEENR /D - FEnl,

v

B 2-5 HRAKRR T BB B/ Z ety
B(.6),i=1,2,..on,n>3 RBMEIREA LN EREA. BB
el I 0 BB A5 4 (), ELAIABHTH (0,5), B kB AR, RHE AR
AN TRE LW R,

R, =r,.—ecos(6?,.—(p)=r,. —acos @, - bsin 6,

4 1”
=23 r.cos,
a n%:r,cos,
; 1&
RIE&PD _RIRERF: <b=;Zr,.sm9,.
i=1
1 n

R==>r
L an'

BEEESE D _RELCBANBENRESSFHNA: (.60,)(.6,), WE

f=R ~ R, =1, —acosb,, —bsinb,, —r, +acosé, +bsing, (2-6)
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2.4 BEEAERE KRB E %
24.1 AR ESEEHERR

AEERERELFHMNALEEN KEERAEEMZE. BERRER
METERZXALITMERE, HPXNHARLIFENEALFE. XFEPE
KABEACETIE . hERBEALIRHLALIFAESE ST %,

B EREETERRDARERESE. B/DZRIE. BMSMEREENE
KAVIE L. B/DKRERREE XETiPE, WeEHNREERD, EH
Brfriikis. Hth=mMITEBREAHmeERRALT, RETHEUEARE
HEREMEBRAEENZMEEZE, FRTAREERE. R=ZMHBTEHEK
AERETEMEESEEOHE, 25 URD ZRBAEE, &4 5MEREAE MR
KAV EAEmE AR, HPRM-REASEETETERE, HELEH,
MRILE 2 . T LB/ Z SR A RETE 5 0 B A 4R I A B R 2 P s et 221,

2.4.2 [FHE M B —FAE R

BHEEMEESABEE, HERER D TRk EE B E M S0 PR E
BANZHRME, RABULMEENTERATERENEREBL, BWHMEEN
THAFHAAERANFAMBERELET, W/ AAEEEEENERER
RZHEM L RATHREERE.

1. B/

ME2-60T7R, KEMNELFEBHETTRMEABLIEROXYZF . #40E

W5 S ZHEE Mo REBE, 8RBT R E £ X535 Rod R K.

x=kz+b
y=k,z+b,

REZMELTIREFENITG: BDPRMEHN { » H

Z(xizi)z Z; —zzizzxi ( Z”:(yizi)izi _Zztzzyi
b] - i=l - j=] i=nl =] b2 = j=}) ~ i=] i=nl 1=]
Qo z) -ny 2 Qo2 -n)y 2
i=1 i=l i=1 i=l
PEDIEIUCES PRDITIONCED
kl - i=l nl=l 1='ll kz - 1=] nz=1 I=r]’
Q.z) -ny 2 L Oz -n). 2
i=} i=] i=l i=l
2. KEHERE

BB I AR T B B R — R A R AR A Py i i 2i) 5 151, 2, e m; ]
=1,2, ....one B EKNELCRO(X,yi2) « HHEEREBRPM-FRIFENLER
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ARRN f=maxd, ~mind,

Ifj(xy,y,.j,z,j)

y

Bl 2-6 [RIAERE A B TR RY

1852 R A (o Vpgo2y ) BB AD SRR IR R K, REEA (x,,y,.2,)H &
NZRHMENEE R D WHEEEREATRRA:

f=\/(xM b “kle)2 +()’M -b, "kzzM)2 _\/(xl, -b _klzL)2 +(VL ~b, -—k2z,_)2 2D

2.5 VATERERNEME ek
2.5.1 VAT E 51 H LR

MEREABERRE. EMNRENRZI=ZHS. AXEHIEE MR
MREBATHN. ERRESAVAERE, EEERENGAMEIRE. £
RPTERENNEHIT AN FITERERBENEGFEREN LT TEAED
BERZENZYE. PAENNECEENETFTE. BXEFITE. EXHE
FAITEHEXNEFTEMNE. WENFTETEFERLRE. Bk, RYE
B KGR SE . A 30 AT X [ AT BE AL b U & 07 15 O B SR #EAT 41 47 .
AR vk P B T O T P AT R R 2 R R AR AR W B AN B8 . AT R AR [ B AU &
FIF XA MR EASR AR TARR, W8 5L 20 P K
BT EEETHSAHLRE, AL LHHE, BRI LHFRERTFEMHERER,
HFAHEEANEFHENFELEONAZLHFERETFEHMER, EERAWMER
BN Z EB R AT R ED,

RORFITEREMIFEHAEESMR, SAEHEERE, RETEEN
REBERMERFNENR MM, BRXEMBRMIZZNATFITERE,

EXNHEHAFITERE: ZRAITVHEH, BUNEZUAFE, BEHEEET
HHHRE, IXATEHEFENHTERE, REH T TFEHEFERNHEFITF
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TR TE, X508 Y B/ E SR AR,
SMENTTERE: BRHFEH, RWEEHES, EAREEETE
bR, TRAFEEFEHTERE, AEEFFTERLENREAFEE
AL, P A HEE B BRIk TR
THANTTERE: BRNESE, RNEEHFE, YAHTELEEL
bR, TRAELEFENFERE, REHTATEREZNRLATE
AP, P AT I A8 S B0 S BN K B R AT R
HMAMTPAERE: EREXNENERYHEL. AT EREL
A TRAHELEFENHERT, RERIFLRE vy, FURELLE
WELAN 278, REHRNE RN SRR AP (., BT LIRER, 5L
RRRMAFENL P (2 BFE PR,y Y EE T RENEN
P xo'y ko BIEREERE SORAMER, W8 E R G E R H R
BXH B FATRER 2.
TR LTS % F B R

L} =F
[ S L

A

(a) EXMEMFTERERER (b) EXEHFITERERERE
A
o v f S
0
: S \< N
—
A
(¢c) EXMEKFITHRERER (d) LW TFITERERERE

B 2-7 HTRRERER
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EHFHNBT XWEFTREOERTTE, T— 04 % i F AT R #
TR,

252 PATE IR/ ZFRIERS

NTFRMENRITERE, BUREEANUEEUTIASR:

(1) AR & A AR ER A TR AT E AR,

(2) 3R H S BR 4500 T T % 50 B0 5 o S T O B B

(3) FERFITERE,

B dBEuT:

BEMTHRETEEERLFRT, NELREEEZER AN AHITR
B, BRMEEBRIER P(x,y.2). RESNTEFEHMNEZRRNA LHTE
B, BRIEEMHLEN O (. ,.2)

F: i— LG EBEEEEINREA;

I —EFFHEMBERE I NS,

RIEMERWLRERBLREAETEHHOBRFEER.,

HFEEFREM, BN _RFEANz=ax+by+c

n Zzi Zyi n in Zyi
Heag= Zx, > xz, Soxyl [ D >x} > %y,
Z}’i Zyizi ZJ’:‘Z Zyl inyi ZYiz

n in Zz,. n in ZJ’:

b= Zx,. Zx,.z inzi Zx,. fo Zx[ Vi
ZJ’; thyi Z}’/Zf Zyi inYi ZJ’/2

Zzi th Zyi n in Zy,'
c=Sns S S /85 S T
Zyizi inyi Z)’iz Zyi inyi Zy12

(2) 3K SE BRI T & R BB M T HIBE S .

0,(5),7,02)) BB R S TR B e ) = 2= by ¥ )
CV1+d2+b?

(3) PREFATRRE,
BRREB BRI SN (x5, yy.2, ) BEEBANKAEN (x,,,,2,), WFTEEIR
EHRA:

f=d, -d =(ZM_ZL)—a(xM_xL)_b(yM_yL) (2-8)
v Vied +b7
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2.6 FBAREMPE SR TE
2.6.1 RN E 5IPE T EMR

M RECERME . NHRERNEE. A5 FRMERT I R
ERERIEWMLIFE N HBBME (MEREHL NEIE. RMERE
MR EEERLRE. SRR, RAEMEEERS. BEX
HEORLIRENBRMERE, FTUESSITLIFNERE. LIFENERME
TRZE ARG R ARAR I B RS . IR AL AN B A B, R A IX U 3R AR B2
BAMRGEBRARE, BAfEEfMmE, REHHIL AR SBEERE
WIBERS, BEESER KM RN RMEIRED,

R R RERIEWN LR LML (BERME) NEHE. 7
ERMEREN, SAERERNLFHENUE, RESERME (NBA
WE) FUELMHE, NTIRBRMEREHE. LT ERMEREN, &
EUT=AMPR:

(1) PR AR RGN KR ER & R AL

(2) HEEHML;

(3) VFERMERE.

2.6.2 [FIHH B ) B/ — FRAE B
KB ITHBRETZEEABRRD, WERELFEREOZT MK REES
Ba M REHEEE, EEMRERT LR AN EETHE. ®i=12,.,m,
J=12u,n. WMERORIER P x,,p,.2,), &REREELOLER
Oj(aj,bj,z/)e
N EFFERFEOZT B EES BN AXERBT, £ RERTL
BMMAE#THNE. &I1=12,.,M, J=12,.,N. MNE SRR
0,y yyrzy), BHERBEBEMEOLIEHR O,(a,.b,,2,).
F: i—BBHLFEZEREEHE N REL
J—ERLFERS RS
I—— W LR B R & R MR TR
J——HMELEHFERS AN RARA.
(D) HEEREZRNENLRFERSRERTA R/ ZFE L.
BREREFEMITEARS, EHLGEZNBNEREZNRL R :

1& : 1
a; =';n_zxy a, =ﬁ§xu
b=t3y b=y
—‘”; Z Y Yu

(2) HEEHER/D Rk,
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RIE O, SATAARERB AR D TR Z .

BANZREEHATER {x=k‘z+l‘ » MERPD_REESB.

y=kz+1,

( i(“ﬂ/)izj —izfia, ( i(bjz,)i Z- Zn:zfibj

Il n n 12 = n j:l -
Qz)' =)z Qz)-n)z
=1 7= jal

j=1
{ n J" n ’ ) n n n
Z%ZZ,--"Z(%ZJ) Zb,ZZ; —nZ(bjzj)
kl = = nj=l J=rll k2 = o nj=l j=l:
Q2 -n) 2] Q2 -n) z
J=1 J=1 L J=l J=t

(3) VPR HEIRE.
BMLFERORERER D - RUEELNEE S

d,= \/(xy ~h~kz,) +(yy -1, -kz,)’

BREEARN TR RELNIEER KN SN (. 0,,02,), W E
REER N,
I =200y b ~ k2, + iy =1, 2, ) (2-9)
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BEE BARENEAHEEST

RALREMNEFMEAHEENEWEERS, HEIEZWRXETUEY
BRfEdRT. WIBIEFRUANETHEENEEFNENEILRE, &
GirE, URTHNEMLRE. FELBSIFENMNERHEEORAMHE
BREN, MNEAHEERBEEIERESHENNETHE LUK ES B KA
REK. LE3-1F7x.

{XBFEHLIRE B
\ 4 v
; SEAHHE
X S » WES
UBRGIRE »  WEERE RS EE slilides
A A
EHHALRE SMEE - |
%, BIERR

3-1 FArRENE PR EFHEREHEE

MEEEUEBHBARENVNELROAHERE LI ERENELEMTE
HRFFE. E—REANTUNEITERPES L, FEREREHNERMNTE
Tk, AMERMRENMEAHEE. ERALRENES, SHERLTXA
MR EE, BRNBNRER: EAERERE S LA S, Frf LA
MEMAT AL AT SR E . bR 8 A 2 A SR 5 2R 4 U TN fe
WHWEZE, HHOMWEENTFHARANSESHKN =M R0 8E, 5
REQMBHREESTTENEELE, HaRNExTR, FRIAKBRA
MNERERREFTTHRILAELHE. FRARSHNEXZZE=ZSFNEINE
BRFER, ZAFNENREEALTRATHIEARTNE, TEEKRE
WARRTHTNE, ERTEEE, mEX. BEESE. IELIERFH™E
MIABEE R EERZ BN E AR ERN, & EET 050 HIiXwF s 04 X
RER, NMIRAFBLRENREIMNENHEE.
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3.1 HERBEKIAT e B E
3.1.1 EEEMELSREF M ERHEE

RELENAHNELAEREZNNENFESZE, ZXUSFEMNEZRITE
GEREZEPNE, BEFRBMEZLAANEVETHE, RWF=LFAEN
BITAHEBERESN, NMAINELZERENEBIREPHAEENMNERHE
E[Z”[Zs]o

ZAGU BN ESAHEERBEEESR:

1) ZAFEMENNEESESIANTHEEL B u,;

Q) ZAKFMENREREIANAHEES>E u,;

) MAHEESINNABEES B u,s

4) ERES=8RMNENHERAMEBEEESIANAHEEDSE u;0

KAZARUEBNNELZERENESNESHEE, NENTRERE
HEAUVIRRRLIRE, WEANBEEEATELT BR T B RAREREL
B, SNESEENEEETEFEEERETIHEXK, EHRAKMNEFRET, W
LAAFIBENERNESE RN A cERMERMNMERER, Nyid, £—K
MESREHITHEE Lu, 8y FRE uy =uy =..=ty, =ty o

GEZHMRUBIREESN, EERRENBLRBYE=ENAHEE
BHEARN:

Uy = NJu? +1u +u? +ul +ul (3-1)

3.1.2 BE&EFed BTN ENHERE
L SR FHNELERANHERITE

@ FEABLEREY f=d, -d, =2 _yLJl_kl(;M 5, RiEGUMAL
+

£, NHEAHEE#TOI.
BHHRELZERNERHEE, SLtEREELEREREFES RN
BREAMBSNESHEE.
a. SSHERRENUTEARX:
F -k o _ 1
&y 1+k> Wy A1+k
o __k o __-1 ¥ _x-x
o, i+kr ¥, Ji+k? Ok Ji+k*
b. SSHNELHEE DS N:

u’u = u—‘l. = u.VM = u}’z =Up
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_ n glf_ 2 ) _= Zx nx,
uk Z‘(ByJ o A oy (Zx an
PESFHRMWEBREFNEASANERABEEH AKX

2 2 2 W2
{(i)(i] (L oL ,) (zuk)} (32)
oxy ox, ayM aJ’L ’ Ok
BV 5K 18 1 42 P 10 00 B R 5
2. FERT7 I b B 4 B AR R B O s 2 601
TR ELEE RN ZRIPEEEA £ =2, —b—kzyy ) + Gy — by —kr2y ) »
RIEGUMMRE, Xt 3 A7 5 B 47 2477 -

4 g =x,-b-kz, &=y,-b-k,z,, M f= 21,812 +£22

BT EARTHAEMELE, HEERTHEEABARTHERIHE
RN ZMARBRBRIF BRI, 8.

Z;[ (aszaj;] Z aaai }‘2(8’)“2(8’)

fitn=2. REAHEREMERARX, HEE MAHEEu, BHEAN

A
n af LN | 2 af af %
uf:{;(%:} g')+, 12{5[6868 ) Os, 68581 }‘ (a,.)u (gj)}
a. RELRH:

MR f = 2J6,° + &, B

o _ 2 o _ 2
3, Jelee: %5 Joitey
’f _ 26, of 2
os, Qﬁ+aﬂ%' a@”@f+€;ﬁ’

O'f  f | 2 .
0¢,0e, 0¢,0¢, (512 + 822)% ’

oOf _ 6sg  8f _ 6g’s

2 2
O, ('912 +e, )/2 Os, (512 ‘e, )/z
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Of _ 28’ -4gs, Of _ 2’ -4g’s

de,0 2 V5 ' de,e’ 2 V5
192 & +¢&, 29 & +&

b WHESHMEBTRHER u, ,u,

HIWE AN & e, =x, -b —kz, & =x-b,-kyz, M:

u, = \/;02 +u,,h2 +z,ukl2 +2zuy, U, = \/;02 +u,,22 +zluk12 +2zuy,,
uy B — S HT R B R R WRHRELE, w4, 4, 7
by ki by b, BT A KR A E LB ARKE, u,,,u,, 7T H b, kR b,k B
HEXRB. HEDT:
(

i

J s % % (DS -ny2

( ok, ok > z—nz
U, =
1

=2
ox, o (Zzi)z—nZziz
2
= 3%k},
e (ay) o
LR B u,,u,, .

EHESHRNEEREFNBSNERSHEERN AR
2 2 %
n , LA | 62 o 83 s )
z(—gg ] ’ <e,)+§z[5[——ag,a’;,] o _ae,a’;f]” e (”')} o

\2

=

D
o
~

U,

=
&

x>
KN
1N

X

jo))
o
(8
-
[¥)
(]

0b, a_bz__ zkzzi'zzi2

~
—
N

q

x

(o))
R
~
~

2|
=

e
[}

=

o7}

uf =
i=l =l f=1

B AT sk 18 2% [A] 5.4 B (X0 0 B A e B .

3.2 I BE B AN E VR RE

320 PR ESEF N EAHER
FHEREMELERENMNETERMU, B FOERENELRTH

FENMENHERINMTEEMEKFERETEXM. FRHENUEZ XA

ZHEMEN, EESNT=ZSIFUENOAHELRE. ME—FHRA, 4&

ZHFMEIRERIN, BERERENBIRIAFENTHEENTER

AR
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u, =\[u12+u§+u§ U +u;

322 PEEFELETHUNESTEE

FEERENSERDY f=d, -d, = =2)7aby 0) 00y =3) 4o
Vi+a® +p?

FGUMM E, SHEAHEEHT IR,

EVHEYHENNERREE, E%%Eﬁﬁ?ﬁﬁﬁ%ﬁi*%fﬁﬁm%
BREMEANELRHEE.

a. SSHEBRBEMITEAR:

o ___-a o ____-a

&y V+a?+p* &, 1+’ +b?

¥ b . ¥___ b .

Dy Vl+at+b* W, Jl+a*+b
¥ 1 ¥ -1

2, l+ta’+b® &z, \/1+a +b2

o _ x =xy a[zM ~Z, - a(xM _xL) b(yM 'J’L)]

ga Jivao 1402+
Qf_ VL= Iu _b[ZM ~Zy ‘a(xM "xL)_b(J’M _J’L)] .
6b \)1+02 +b2 (1+a2 +b2)%

b. EZEMEBRHEES AN :

HAx,yEFRENIERBET R, FURERBERHEE, ROV zBTH
EE, ZENNEFHEEETRANEBETRHESR. Hafb i+ EAR M, FiF
MESWLFEITEBHa b, MLHFEMNES, WEAKS, HitafibsMx
AREEPANE. AW AHEERESH:

nooYx 2y
Z X Z x} Z XiYi
Yo 2xy 2y

P=0 %= yor=2x 5=y t=) xy BHEAF:
V=nrs+2pqt—q’r—p’s—nt*;
a= [(tq -ps)>.z, +(ns—q2)2x,zi +(pg-nt)) y,z, ]/V;
b= [(pt-—-qr)Zz,. +(pg—nt)Y xz, +(nr—p2)Zy,.z,l/V
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mu uzu = uzl. = uo i

"a=m _(tg—ps)+ (”i'CIJP+(pq nt)q

4y = i(sz) 4y = (Pf—qv‘)+(pq—nt)lvdnr—p’)qu0

14
EHESHXNEBREME SN ERHEEHLAKXRA

of Y (or Y
u, = {[azM M) [azL n) a )} (3-4

B[ AT SR 19 1 1 B A ) B R B

i=]

3.3 X T B E KB AHE BT e
331 ERENELEPHNEAHEE

R LENAERRED BRI E T, A 30 AR B kAT
RENME. EXHEALTUNES %, EFRAZAFNENRTUE, H
MESBRFHFENAHEREANAAKXMARY; HEXRARLIFNESE, B
KAMEBEEMGETNE, AFERSFTRARLITNRT EN, WEIES
Bt RE . BANERIGETNR, REITERHERLRE, AW
BEARREMNBIEFHENMNBIHEE.

B AR RN =R BN R EAAR, BN AHTHNE, NTEE
FRENMNELER ARANRET=ZLAFENEBNEEALER TN SETHNE,
BEMREAYIRE: TRENURERLFRTNARTHNE, BIKERY
Pl S TFEERRE, BEERXRAREMHEETHE. B4, BEMABE
WHEE. BER. FTEMRMESETHNE. BAit, BEXRERTRA
REMENRFEHINMERE.

BRI R R AT & XA,

FHARKEBSELREREMO ML, NENIHAT), F#RBE5T
4 00 K B R T 2 A O R B KRR K TR RE AN RO R MRS N S A 4 E
BRI, BEMRER ERATRXMENITH, THEFHK.

FeXREEBENMREEDNR THAEG £ WER, BNH4EIEEES,
R THEHAZENAER, XHMEARRXARUERENTMH, FUERT
MEFEER, RIBMMIIH. BHEMNERAD, SHMWESHNREGE
e fE, MAWUHRTEMNAGMNERBEEZUSIN—LRASE, WEX
B PTE. BEHE. AiggtIR,

BEXKMENHEERBEEZER:
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MEENHNEBEESHIANTHEESE u,;
QBRBENREREIANAHEE SR u,;
G N ZEFEHNAKAHEE DS E u,s
@OEENRERREIANTIHEEDB 4, ;
GYERRIEMESZH BN FITESIATHEE S E ug:
OERSREMRRBIMNEEEZSIANORHEEE T E u,.
GERABELOREFERSN, AEREENELEFAFENIHEETEA
KA.

u0=\/u, vus +ul +ul vulvul (3-5)

332 BEFEEETRNERHEE
LEAEERT
BERENEHALIRYEERA
f=\/(xM -b _kle)z "'()’M -b, —kZZM)2 "x/(xL -b —klzL)z +()’L -b, —k2zl.)2 » 1R¥E
- GUMME, *F L ARH & E AT 20, :
EHHERAENAOMNEAHESE, BAEHRERERERE PR SHMNEE
RENMBRMEAHEHE.
a. BEREBRENIHELK.

of - Xy —a _ 6f Yy ~b

O G -af +Ou ) u (g —af +0m )

¥ wmma o b

% o -af+0, -8 ¥ e -af (5
o _ X, ~a _ Xy —a )
% Jle,-af +0,—bF (e —af +0u -0)
o _ y.—b _ Yu b

b Ji,—af +(,-bF (xy-af +0u -5
b. FSBMEARHIEED A
LR ES, FENEASREMARAMNEFRETHEIN, FANAHEEMH
Z, BETERANEARHEE. HaflbrE AR5, MENE SHALWREST
HEBHaMb, MELFFMEF, WEAKE, HEafbMHEXREEMUNE. A
MoK EEHESS.:

0
u, = Z(a:)uo j;uo3 Uy = ;(?&} =T
EHESERMERREMNBESNERHEEH LXK
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: 2o} 2 2 7 vz
AL
ox,, B o, , ox,, o, ) |Vn
e kREREHNNESHEE.
2R T
BB RZE R AL AR B E A
f =R~ R, =1, —acosf,, —bsinb,, —r, +acosf, +bsing, , RFECGUMME, X H

ANH 2 B AT 534

EHHARKNERAHER, EAEHEEEREEETRSHNEER
BMERNEAHER.

a. EZHFBREMITELN:

if—=l; jf—=asin9M—-bcos€M; i-af-=—cost$’M+cos€,_;
ory, 06, oa
1=~1- —‘zf—=—asin9L+bcoseL: éf—=-—sin6’}.,,+sin0“

or, T 96, ob

b. ESHMEBANHEK LS A

EFEMET, FWEAFRAEMRAMEXRRTRIEN, &K HEREM
% BETEANESHEE. BafbMitHEAKXE, FHENE S LRET
HFEafb, MLFMES, MEABKSL, FHikaMbKMHXRECEELAF. Ha,
b HEAXBEHAHELMT

U, =U, =U.; Ug, =Ug = Uy

2 2
u, = JZ(%) u’ +Z[§g—) u, = %JZ [(u, cos8,) +(u,r, sinHi)z];

i=1 i=1 i=1

U, = \/Z [gf]zuf +y (;%Jzuez = %\/Z [, sin 6, +(upr, cosd, ]

1=1 i 1=1 1=l

EH#FURNLZEREMA SN EAFHE RN 2XAA

2 2 2 2 2 2
& T @ @@ o

B AT 18 B R E B B Ao E .
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3.4 [BEAERE B0 52 BE V52

3.4.1 BRI EER TR ETHE R
BAHERENMETEREERENNET . EXAEALENERE,

HMESETHF=ENAHEERMAIRGHE, HERARLEFENEE, LNE

SRR M E R 3-S5 .

3.4.2 [HEE VP RE AR o O B AN RE A
AR R R R

f= \/(xM - b, _kle)Z +()’M -b, "kzzM)2 _\/(xL -b —klzL)2 +()’L -b, —kZZL)2 » TR
GUMH s, F H AN 2 B 4T 0 47 B

EHHAEENNETHEE, BAERERAFERREER TS HNEL
BREME S B EE.

a. BEBRAEBRENITELAR:

o

F x, ~b —kz, _
ax, \/(xM —b—kz, ¥+, ~b, k2, f
o _ x, —-b-kz, .
o, oo, -b—kz,) + (v, ~by~kyz,}
of _ Yy =b, —k,z, _
W Ay ~b-kzy ¥+~ by —hyzy }

o y,-b,~kyz,

. \/(xL -b - klzL)2 +()’L -b,-k,z, )2

o __kl(xM -b ‘kle)"'kz()’M -b, _kZZM) ]

02y \/(xM -b -kzy )2 +()’M =b, ~kyzy )2

o _ kx, = -kz)+k(y, -5 -kz,) :
%, \/(xL ~b~kz,) +(y, -b, —kz, )

x, -b-kz, Xy —b —kz,

0, \/(xL -b ‘ksz)z +(YL -b, 'kzzl.)z \l(xM —b ~kzy, )2 "'(YM ~b, - k,zy, )2

9 _

y,=b,~kz, Yu =b ~ k2,

ob, \/(xL - b, "klzL)2 +()’L ~b, 'kzZL)2 ‘/(xM -b "kle)z +()’M ~b, —k,zy, )2

of

) zL(xL -b _kIZL) zM(xM - b, _kle)

Ok, \/(xL -b _klzL)2 +()’L ~b, 'kzzL)2 \/(xM -b ‘kle)z +(YM -b, ‘kzzM)2
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3f ZL(yL -b -kzzl) ZM(yM -b "kzzM)

\F -b-kz, )+, -6, -kz,) \/(XM —b—kzy )+ —b, — k2, )

b. EZHMEAHEEDMA:

L ES, SNERHEEHRUNEXRETHREN, &ANIHEEM
%, BETHANELAHEE. ki, ko b ALK ELARE, FFAUNESN
M FRE T E 3 Bk, ko biFIby, TISERRAEF, WEAKS, Bikk, ks b
b MAHXREBEMAE. ki, ky biFILNAHEEESSE:

( v (o5 )}
Uy, = Z @L u:k
k1 \ 0%y
2
= N _afl 2 1 z = zkzz ZZ
<ub2 kzﬂ:\ k i iﬁﬁFax ay“ (ZZI)Z "ZZ
n 6,\22 Q‘_ é’_‘__ ZZ—nzk
h P 5;6:/ “a o O, (Z )2 nZz
3
Z IOk e
Lukl ;\ayk u}’k

EIHEFHRAEBEREMNE SWEATEEHAKXAA

y2

L. ) (L, ] I VL) o2+ fu)2+
_ oxy ¥ Oy azM ax, ™ aYL o oz, * (3-8)

¥ Y (o Y.(o& Y. (o
(3] (G () (3]

B wT 78 B A AR E BB R E

3.5 AT B MIAN B 2 BEVF R
351 TR ELRTOMENHER

RIEBZETH, FAERENVELEERALIFNEE. FRAEA
BN EE, HUELEFR~ENAGEEFMAIKTHE, HXARLFRN
Bik, HMELREPH=ERATEELFA32RTH.

3.5.2 HATEVEELIEF M B €
S}Zﬁ—}%%ﬁ%;ﬁﬂjﬂf=dM_dL=(ZM"zL) alxy —x,)-b(y, - .VL) "B
Vi+a® +b?

H, HA-PEENSERRRM, FUAHERNFEST EBMPEETER
VEMR . SEAT BE WIS H G FE VP 2 T 5 BROF T A R S B R DO,
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a HBRHEMESWT:
aof ~a o -a

o, Ji+ai+b? O, l+a?+b?

o b ¥ ____ b
dy N+t +6? ¥, Ni+vat+b?
of I

2y l+at+b> %2, l+a+b

_@_f__ X~ Xu _a[zM—zL—a(xM—xL)_b(yM_yL)];

aa—\/1+a2+b2 (l+a2+b2ﬁ

zf__ Y= Vu _b[ZM—ZL—a(xM_xL)—b(yM—yL)]o

% Vi+a® +p? (1+a2+b2)%
b. ESHNMELHEEST AR

Wp= Zx.-,q= Zypr =in2,s=zy,-2,t= inyi

u

0z, 14

i=1

= z":(a_")zuo _(tg=ps)+(ns—q*)p +(pg—mt)g o

" = i(@)’uo:(pt_qr)+(pq_m)p+(nr-pz)quoo

oz, Vv

1=1 i

EESHROEBREMNERNERHEEN AR

3 "l Y (o Y 2l
{(&4) (2] () {gub)}
MR FITERENNEAHEE.

3.6 [R5 B ANH 2 B VPR
3.6.1 PN EEREFTRNENHERE

(3-9

WIME_EH, AMERENNEHEERALIINER. EXAEA
B ER, RMELEDFFENAHEEMAAKTE, HRARLIRN

B, HUELEPFTENANHEEFA32KHH,

3.6.2 FIHHEVEEERE+ B A ERE

RSB IR ERA N =2 (x, - L —kzy ) + Oy~ —ky2,)* » RIEGUMM

29



£, X H A E BT,
P& =xy ~h-kz, &=y,~-l,-kz,, il f=2V312+322

BT EXRAHBMELNE, RUERATHEREEANTHESRAHE
BN MARSRHRITH R RK IR, B

$Ses) Lt peve)

i=l y=1

W n=2 M\BAREENERAR, ABENTHEE «, KT ELARXA:

uy = {Z[ ) W e)+ zz[ [M] jj aaa{:’ }(g,.»z(g,)}%
a HREBMNESHT. '

BR f = 2+/e,” +&,° #&:

A WY AN L
O¢, Vel +&’ 08, g+,
’f 2 af 28"
2" 3/ ! - 3/ *
08, (8,2 + 6‘22)/2 os,’ (slz + 822)/2

of _of 28,
0e,0e, 0¢g,0¢, (812 +£,2)% '
Of __ 6gg’  3f 65’6
og, ) (elz +€22)% RN ) (a,z +822)% ,
3f _ 2813—4816‘22 ) of __26‘23-—481282
e, (3,2 +322)5/2 e (812 +£22)5/2 ’
b BBHMEARHEEDHIA -
HETE S M e =x, ~L-kzy,» &=y, -L-kz, W:

u, = \/1702 +”1.2 +zMukl2 +2zUy 0 Uy = \/u02 +u,22 + zMw,,z2 +2zMu,2,,2
MLkLFELEPHEARE, AENESABFETERRL LA, T
LHEMES, WERKE, AL LLMLHEXREEMAT. EXThA

- 2 2 2 2 2 2 Y — sk 28 o g B 35
utl=\/u0 U 2yl Uy = Uy U, 20 o Uy AE I BTRB R D
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BT EIE, u,,u,,u,,u, VB kL& BT EARR I E BB ARK

@. HEmT.

( 2
_ (o) .
u’] - u“k
k=1\ 04y
2
u,z = _b u,,k
k=1 k
) 2
JEAPE
uk = ua
1 k
k=1\ 04,
2
_ X ok, ) 2
U, = R U,
“ V&,

O O ___2h7r b 1
B E S AT, u, o

T HOR B 538 R B 8 U A8 2 I ARAA

2 2 yl
_I( ) e L& O L O |
K "{Z(ae,) ! (8‘)+§;[2(aeiaa,) 2, 65,68,2}‘ (e (E’)}

1=}

B AT Sk 19 ) 4l BE A 0 B AN 8

(3-100



BUE BETREFTHERRALREANEE

41 RPN

FH K F (Monte Carlo) ¥k, BARFHNMBEIEM T, R—HET “H
B M ETTE, B—HRBETREESE REAREPHHRTHRN “8
MR AR EFAZ— BERD - GHFERRA T T OB — N
# KJMonte Carlo—R @ BREXM T i%E, AERLT —EMHEE. KEFFFE
IG5, B WREMNMERARRE TR k. BZREFX
o 1 18] O A R 5 IR T B X0 P T 4 I2 i 72 B Metropolis BT 48 t 80— M 7 5. B
WELIMZMNRATEM¥RRTHRIEEOEYN, utHELERY. BREANHR
BORA. MRATE, PTENMRTNT 8S. HELBERTEREEH
PHEEN AR B E R EIE, RN BETERC LS YR REVNE T
. METBRENEE, ARAATHTEBIANEXRBRNSH, NTRLHRE
WHE. R FFHENRAERZ, SHIETENOHI, Bt EHNKRE
HEEALTBHETHHH TR AKRERT R R T IENNRAEEM LR
BE.

FERRER AR ARE T TEEEEREDS TE:

—RARFFT T EEUE - IBEN, FEFEEHBR S MHENZR;
RI|EAERE, FFFEERERNSHURSIARE, FELSHHBEILE
B4, ZBEABRMNESHIHRE, REHENEDX—E;

ZRRBG U TTIE AR R B R A A v R, T 18 B SRR 1 R BU(E AR .
RIEFFEMBURE —SRORA, ARG TE, AEHWE, TESEFE
RIBFHIE, REMRLER R,

FETENKEMEERR, REFTHENNABREEE. MATHE
P& & 0 o A R AR Dy BEVL L+ 20 (E 5, BRI R R 4F ORISR 1) L
ARFRFHERE B TEXTR. TERIIH Monte CarloJ5 ik 31T i
EEIFEM—ENA.

4.2 MRS R T T EET A e VR

ALY, TEREFBZHERZFTENATHNEFHNABERFE. BT
NESHEBIRZEIEER, FARXKRTTERTIMERPERE T EE
R REMEORSH, MERFAXRERRTEFHRENAER, Hiks
AREARN, ZEHFNRERETUACAEMR, ELFOMET, BEH
FRERNE, TSNS MUELIRNHERI R, RTUMNRARGEE S
BEEERERHMILSAREULFENESER, NTREHEILEEENER
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MEE R RD HIENATUERTEE I E 2R BB ITEEN.

MARBFRZHENUEAHERBTIFERN, FAFTEZERESRHER
BAeLtt, MIRBZBEMMMEXME, RERESHNTHREMNPEE,
BE AT CA7= A KA A O BE AL BOR B AT B RS v IO R B0l o R S0 TE AL R 22 AN 1 8 AT
B, REMBEEREY, FERENSHRMXREUKRE, HEFER
BREBELTHRERF, RERFTEEX.

MASRK RS TERITAMHELIPELETUSARE, —REMRES
BRY: ZRREGBRBERMEAURE . ZWQEXHHFRBEALETNA,
FHMGUMT M — &, BRI HITHE.

42.1 REEBRE M
Blrl: MEREGEERN, MEAAANEIENVRERD, ARHEXER

SO B G5 0 AR =22, 0 R0, mm B U B 6 B 1
DRIE L, BT

D,./mm 10.075 10.085 10.095 10.060 10.085 10.080
h,./mm 10.105 10.115 10.115 10.110 10.110 10.115
HEESEMIERDH N E EHES: D=10.080mm, h=10.110mm, Rk
7[D2

VHI B S RIEHERV =—4——h =806.8mm’ ,

1. FH SR B TE#AT A0 E EEE
SANFHEEXERRINENNHER, B:

ERDHMERBAHEE: u,=0,=0.0048mm;

EERG MRS HEE: u, =0, =0.0026mm;
HACER BB R AR T EEE A £0.01mm, BBS 53,
BHADIIRER#% AD=[AD,,AD,,..,AD, | & 7R;

B FE YR 2 B 5050 Ak = (AR, Ahy,..., AR, | R 7R

B A B 7B 3R 22 L HB) As = [As,, As, o Ay | B R

~BA M RRZRAESS A4, W AD~ N(0,0.00487), Ak~ N(0,0.00267),
AsTER (8 [-L+1] L BRI A 0 A . R BE4% & B 7 EE X B3R AR 2 4 A6 AT 0 B4
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B, BEAEENM=1000, RFELTFEARHFTREREE:
v . W, W

AV =—AD+—Ah+—As+-—As
oD Oh oD oh

2 2
=7rDhAD+Jz'D Ah+ﬂDhAs+7rD As

2 4 2 4

BEAVES, AR HGEMTE, TEM BBV EARERREE.
WA RV B AR AE AN € BE 9 1.33mm.

2.5 F GUMTT ¥E # AT A € VF 52

ARMBEFETH, HERVOUEAHeELZHEENEREIES: &
EMEARNUBERHSIENAEEE u, v HHICRERESIENAHE
Bu,. THHAMNAESERZERIENIHEEDE.

ERDHMEERMSIEHFESIREETR u:
o

u, =|—tup =0.77mm’

REMIBBERMESIBNITESEEES By, :

cid

U, = 7 u, =0.21mm’

HRDHMBERMSIBMTESHEEY B u,:
B AR B H A8 A R IR E VT £0.00mm . BSR4, W

uu=°-°j§"’"=o.oosz;mma B 1L 312 ) 5 48 01 7 E B 0 B A A S 0
T s = o E K ST 51200 G B R 52 1

2 2
uy = () + (s, ) =\/(?hj +(E§2—J uy =1.04mm’ o

A A

RAHEES By, u, Mu I, B p, =0, WARNERS RIRHE
N ] u=\/u,2 +ul +u; =1.31mm’

HBEXFHRHGFENMNESR, FIARS R TENREREER N
1.33mm’, FIHGUMZTIEHIGHEAR T EE A 1.31Imm’ s BIM TEERES—H,
EHRERFHE (REFZRBEH) #TIAHEETFERBETITHE.
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422 REBBRECRM

WRIFBUMEFEZMAR, TUSAEENENRZNE. BENEEERNA
NENBEZNBENENNESE. NENERBEINESHNERTRH
RKEMNHME, JTRAIEMNEENNET . flnt—NHpF, ER3H
HEFBREIANNEE, AFEANEBEHEARANEEXHEINMSE, BEIAXBE
BRSH. X TRENENAHEEITE, HKRCGUMFERERTREXAER
KHEBERB A RETIAHEETFE. WRRERAAUBEEARIELME, #
BRETERMERAEURE, RAEKITEGUMA K FERITITE, REER
RABHOTERTAHREETE, ENRXAZFRTHEN T REABRECE
FEEL FHATAWEEFE. 1R LR REEEERARITNH.

H2DHKIR 2 F $5] AD=[AD,,AD,,...,AD, | % 7% ;

W% 2 85 Ah =Mk, Ab,..., ARy, | TR

B0 00 78 152 22 P OB As = [As,, A, A, | R

— AR I BRRZRAES N4, W AD~ N(0,0.0048%), Ak~ N(0,0.0026%),
AstERX 8 [-1+1) ERAS S 9. RIREEFF ik, BIE LR A LR
¥, HAZEMIN{E1000. N

Di=D+AD,+As,;; hi=h+Ah+As, i=12,..,M.

B3 EA MR W RAGE, RARERY, =Tl @5 a5 RHM

FEA, REXHAKANBPEM G E, H 20005 ERe9 B4 ARG RER
WEE. KB u=132mm’.

ME—FHHHEERELE, FRARBRZTE (ERREECERED BIF
WA FE N 1.33mm” , R GUMS SR IAR M SE BE N 1.31mm, FIFI B4
FHE CRARESBREO KRBT E BN 1.32mm’ . X =75 M S
REA 34, MEEGHEER, TURBELFFPEBRETERE. WREL
RAARAME, HFERECEREASH RSB, BESRAGUMNT LT A
EEWE, MRRBXRAARNESR, HERECBRHLER B BHAELIKE,
WK F 2 4% & B 7 AT VR E

FRALREMNERTRZENE, EXE=ZEEINTREHHRERENTER
B, REEAEHEMEFELEN, KMBERMRERY, ke, AARFEFREZH
HEHBR A EREBRAMEE. FUIERF R ENATRAIRENSTE
BEVPRE P b B A FEALIR E A € BEVRE 7R T (E .
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4.3 MARFFFEFERARENPEAH EE
RARENMEZRBARME, BRBARENAHERITEL RABE
PPE. WRBRAARG W HEHRITIFE, DAEZRME, XHEWNEIREE
RTERAWIAEE, EXFUEFHATT. E—WAEBHRFERTHENA
THEMNEY, SENESHERPEFRERE. BARENEEE T RN
B, AURERRAZHFFITHE, RAVWESHIANRE, MRS FT M
MBCREL SRR BEE, AR EENRERAHEE, XM EEE
G117 .
RERARENBERERY, BRHY f=g(x,x,.x,), FHREFDHEN
B IEFE MM B [x,,,%0Xu ]r [XasXagseops Joeee . X Xgse iy Jo BA

BABBAYEETUNEME, TEFTRABRERHEE o, WEST AN

PUEFS, RXAGEHECREMERNER, ARBUBARZNENAH
K.

RAEREWT:

(D) FHEALRER ST E LK KT, HETARBRYGXE, B
FAREERFEEERTLFANETHEE, sEREFIENIHEE, HE
BHRFFROHER;

(2) EFEHMREMNRDZREY, HEBALREEEKF N REER
WBEEMTEE, NEENARNEE, FEEN IHESPHER;

(3UNXn/~ 22 B [ B M5 Z EE BnE KBV B AR R U AL iR 2 W &
B, BAMARAm, BHERAREFRBSTHARENETHERITE, H
ARBBA, BAERLKNE L RN EE;

(4) WU LRIFS, RAREREERR, KB MEALRE fHE.
RIEXH fE, ME—NMRBED, HABESAHRY, REXPENTE,
WIBE AR Z R, T EEE AT ERKF AR Z B B K55 HE R o e
&

PR T HEFERALRZENARHE A AEE D THRP,

XXX, AREFALRENETES Y, ERFFHEEEEIRZINAAS
HOWNBEHEMNBIHEE, REFENEESHIARENENE, R
ATALRERE, W FHBED MG, RE OGRS, RERXPEENT
£, QAR ARENNBIFHEAHEE.
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WMARX,x,,.x,

—
i

FRALRZE [ IR

~\ -
_zﬂfx_:iii: f=g&nawx0-——iZii§&
% .

AN

Kol

B 4-1 ZEGRIHTETFR A REET

DREABIFRARSERTHERTAREEITE, KEABTERERMAE
WARTHATIEER, RSB TH,

(D) GHEERENETHEEARE, ANESGARB R4 X, B
EAHEEREEIEFLERANERHEE, HEAMERHEFETIRE2.2.2
iR

(2) #H2.3.350, AEMEB/DMZRER N

f= J(xM -a) +(y, —b) —\/(xL —af +(y, -b) » HHEH x,,9,.%,,),,8,b A
TR, x,y%,.y, MUNEHETRE, THETREZARAUBINHTRHERERK

1 n
a=—2x,
WA, BHu, abWETRER] "7 K8, HRHEEN .
b=—zy1 J;l-
ng

(OMBREANANZENENT Z B BSEREN SRR R ERE
XppoVrs XY WO XA EE, HAKNAERE Am, BHKARELRETHE

REMBRHEENE, BARESK, BEELHMEINCRURE. B
M 1977 2 S I MATLAB: BHLECAE s, o 928 4481

xM’yMﬁxL’ylna’b ’ 7‘3—%5}5‘”%} uoauo,uo,uo, B@Eﬁﬁﬁﬁ@%mﬁ?ﬂ:

—] U —1 U
0> 0

i Jn

XprsXpg20esXpm 3 Yar1oVar2sees Yt 3

Xi1s X200 Xim 3 Yo YiaseesVim s
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a,,a,,...4,;: b,b,,..b,;

m *

(4) MELLEBHFES, RAREIRZEHER
F =y, —af +(y -b) ~(x, -af +(y, -b) » REBmMEAIRE FHE. RE
XA fRME, WE—NREN, ARKAAEEY, REXPBERFE, PE

B0 I BE R 2 M8, 7 2 8 B b B SR B D R 2 000 B P AT R R S A

GEULAAE, TUBHFAARR B HERITHAAREN AR EE T T
W, FHEERHREEREMSRIANMHXRY, EHERBARE. LEE
REW N L, BRI ER, FAKFEEER K EIE
M, Bib, EREGEAFNEAT, ERCEENEBRHEEGTEES, B
UK FTHTENNARAEENILE L.
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BEE BARENENB RIS

HEZ=%, 2HNBTRARENURTE. REWEFENMNESHE
BWELE. 2EALRANIRETRA RENBEAHELNTE. AR
EZRFHE&E. YEE. BE. BEE. FITE. REES. 2BUELEMN
B R Z A BIBEAT 2047, 2 HER = A5 EHUREE TR, HENA
- B ERFHATH, RERHEKXENEARRZENE, BEANAFNTRMN
FEFATMEATEEWE, B3N E B LBIXFER T,

5.1 HEBRENNE R LR LR
511 E&KIRENNE

ff FEE ZEISSA B FIMC850B = iR M BN X THH— UM ITELE
WMEMTE. BEMNITHRETEENTFEXOYA, FEMBEMMH—LFTT
X, RENELKEREHTNE. B ITHK200mm, 76X5H 0 H M5 E10
MR TRFNE, WELERWTRFR:

51 HARRENRLER

WA | XA/ | YRR/ | WEA | X/m | Y5/m
1 0. 2581 -2. 8327 6 100. 2538 -2. 8331
2 20. 2594 -2.8333 7 120. 2528 -2. 8327
3 40. 2542 -2. 8335 8 140. 2586 -2. 8331
4 60. 2531 -2. 8329 9 160. 2510 -2. 8330
5 80. 2580 -2.8328 10 180. 2562 -2. 8329

5.1.2 AN ERIEHT
ARRBKAHMCSSOR B RFHFA= LM EN, HREETEHEZ
850mm x 700mm x 600mm , AN & F RFH TAERES, BRERNEEEE, Hik

BEEHEN TR, HKNESHERERBEFEFUTILATE:

(D EEHSIEBNAHEE D E:

CELENAHEEITELREY, EXREZLFAUEINNESHEIE
MAHEE. BALEELENEN, THEFTTF<HMKIERN, BEAEREN
FERWEELyHALGRE, Bk, REERyHALGFNENESHRE. £H
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v
EEMNERBEANDANARTERERELRR, AIANERARo=|—, X

n-1

HERKNERERE, NEKEEANESHMIIENAHEE. Wyhh LR
BEREMHIENAHEESERN u, =0.049um
Q) RMERESIANTHEESE:
RIE=ZBIRPENH = RHER G, REREDTIum, HARERMNES

ﬁﬁ,ﬁm%3ﬁ5%=m=}%=Mﬂmu

() MARFEIANAHEESE:

HTELFEMEST, ERGEBRERAORME, FUMHZERIANRE
EMAE, PHEESBWUARA, By, =0;

4) BEZWFFIRMIHEESE:

ALRREEBMEENFGTHTH, BENFEEZRRD, HHEBER
TSR ATEE S BREAT, HMu, =0

GEULDY, BELAENRALUESHERLAR:

uo=-\/;,z+u22+u32+u,f =1.733 um (5-1)

513 HEEREMNERELE

1. BEEERENTTH
WENEHHE, BEAAN2IK, KB rfo, HTREPRELL, A&
FRUEEREZRP-RELHEE. SREZP-RELNEROTRIR:

#5-2 RREIB/DZREKKESR

5 1 2 3 4 5 6| 7 |8] 9 10
R/ ym | 04 | 02 ]-04 02|03 (0]04/[07]01 |02

TEATANMUEAMBDZRFANTEE, BHRRRR S R x BHRE,
YUIFRFE Ry R IRE:
BRI R TR, B S R TR E 4 A B K PR A R R B Y R O

—ANREMBE=AE, A

x,, =02581mm,y,, =-2.8327mm,x, =40.2542mm,y, =-2.8335mm .
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1+k

2. BT QUMLK A1 E B e
B41: u,=1733um, k~0, b=-28331mm,

X, =0.2581mm,y,, =-2.8327mm,x, = 40.2542mm,y, =-2.8335mm
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2
u, = Z(gy—kJ u; =0.0095um

A 2= . EFAKERAI2R, B

3. BT R RZ T EKNAHE R TE
MRAKKFITEHRTEEKE T EN, FEARBERELERENES

IR AR . RIEES A REMA £=d, -d, =24 —yi/;kl(;M “%) o
+

MEMELERENSYE x,, V0%, ¥,,k o« RYEFTE AT 40
xy =0.2581mm,y,, =-2.8327Tmm,x, = 40.2542mm,y, = -2.8335mm,k =0
u, =u, =u, =u, = 1.733um,u, = 0.0095.m .
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