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Study on visualization of evaluation results of cylinder’s global sizes

ZHAO Xin-yu', ZHAO Ze-xiang’, LIU Ru-yi*, DOU Wu-yang’
(1. School of Computer Science, Zhongyuan University of Technology, Zhengzhou 451191, China;
2. School of Mechatronics Engineering, Zhongyuan University of Technology, Zhengzhou 451191, China)

Abstract: Aiming at the visualization of the evaluation results of cylinder’s global sizes, some issues on the local magnification of the extrac-
ted profiles of cylinder, the determination of diameters of cylindrical surfaces of global sizes and their axes parameters, the displays of cylin-
drical surfaces of global sizes and etc. were studied. Based on the cylindrical roundness profiles with local magnification, the evaluation mod-
els of diameters and axis parameters of global sizes’ cylindrical surfaces were built, and the visualization methods of evaluation results of the
cylindrical global sizes were proposed. The calculation model of profiles” coordinates of global sizes’ cylindrical surfaces was established on
the basis of their diameters and axis parameters. The visualization program of evaluation results was developed by using the above models,
and the least-squares size, minimum circumscribed size, maximum inscribed size and minimax size of one hole were evaluated and their eval-
uation results were visualized. The results show that the models built in this research are correct and the proposed visualization methods and
the developed program are practical and reliable, which can be also used for the evaluation visualization of cylindricity errors.

Key words: cylinder; global sizes; evaluation result; visualization

T 1800 Fl GB/T 1182 45 [l by iz b v A il , 111
0 51 5 AT 25 9L A T 25 e L Rl 2 o 52 B R
AR IR 2245 & f RO 25

iR %ﬁ‘i ﬁﬁﬂﬁ&mﬂﬁﬂﬁ*ﬁ Eﬂ? éj\j:'HETE GB/

Wi B #A:2019 - 10 -23

HEE&W B HF ARP AR 4R H (51975598 ,51475485)

TEE RN RHTFE (1986 — ), 5 I RGARM A, BU R T AW, 322 SN B A AR 3 = 7 T (955 . E-mail : xinyuzhao@ zut. edu. cn
BIEBERA REE, B, 20, Wi+ 2l . E-mail : zexiang_zhao@ zut. edu. cn



59 )

R T, 45 « B A4 Jm RS D1 45 SR 1 ] BRAR 5

- 1095 -

TR 2 25 4 1E TR 45 1 Tl & R RSF R AE, &2/ R
SPLAE BN IR /NI R SE R R YT R
FR KB/, Ze-xiang ZHAO 4515 B 4% 1A 4
Ja RS B0 L Al O A AR TR A 1 4 S RS A
SE 45 R (K S (R LA T T RS o AR AR 42 SR R~ o
(B /NI ST 8 R A D0 R 8 R A /N R
PR, S — A ¢ minimax” [0 B, 43 5] 15 [ A i
PRI Y e /N A 5 R TN A DN X3
XS

VP23 0 R B R 25 PP TP ALk AT T 0
Feo YANG Y %51 PR T — ol ik i 64 D 48 R
ZHENG P 27 R iz shep LA 30k, Seil 7 R A
JE PR 25 1 /N IR VG 5 SV 4T R T LR a4
55 R A8 T DT 0 5 s 2 A
AR B T AR B IR 22 AT s X 2 e 5 0 R
FEHBUIRE T 15 L B2 3 e A A LA BB A (B8 A R e
PEAT T B B 25 T AE

R AR R 25 T P B0 A v 2 T T IR
PR R ST IOIESE o N T T 45 S H 2L, 7
T 45 T AL

ASSC SR S RICA 4 T30 [ D 4 s Ao il WF Y
[ A AR 4 S R ST 445 SR T AL

1 [BAEAA IR A 5 3 i T A

R BRAE: % 3 & 4 8 b AT SR s 21 A 15 [l
R OAR B BT, AloRAS LR B B E A S {E, B .

1 m n
R:%ztelzj:lpij (1)

Hrbrep,— 55 0 B RISE R 126 j RAE B TAE & 1015
LRI 1] P S s m— (8 S 5 B8 n— B R R 4R S L
FRSRAE R

ShASETBR] J 2 JEG e T AR, 2 %o [ S A )R
PRI, JRy B OR = 5 o T8 AR R 2 j R B TR &
2 (2 Bl PR IR TR

p/\ij:R+(pij_R>XA (2)

P A— RO A (B R, 7 A0 151 Jo] 5 e 7
JE s A fERL /N, AN BIEE 3 Jay TR RO A L A (B A 2
P, Tl JE 5 JR 46 A OO BV AT . 2 A Sy 1B, JRy ik
K5 B A R R p oy 02 S 8 JR 48 B Y o

BRI A ) B8 R 14 B J&) 5 BRTE 0,32,y 02 AR AR R
TR B 1R

2R R
[ 1 2%

JRHR R
] Jei ]

b AR
Nl

e(Xu Y1 22)

B RETORE MBS BRLE 0,x, 7,2
AEFR R IR B

dyy— RIFRARKRG W 5 i ) R S Bk 5 KA B3] 2 B R )
AE A EAES, 2R THA®GT AL R D ZREE
@ MR AR R K NI E A S Rk R B A& S 4
AR RTEARTZ — e, (% ,Y0,2)— 2R T H A @6 h
5 B3R K G 09 5 i [ B 4 B AT A T 6 3 ey, (v L0y
0)— A RTHEETGIMEAL xyo,y, T8 L) LT 0,— T
1B & SR Al X 5 Ry 3R A RS W9 5 0 TR R4 R PT AT 1 8 3L

JRyERICR e B o 818 48 B 7R G B A 2 o
5 R

X

SRR 5 Y
o [ J5 5

E2  JRESHECRIEES @ B RS E s =
li—ey, 5o, ZIRMIER ;0,—oye, 5 x, MZ KA,
T R KRG W 5 i B R AR R BB e MR B 0, —
BBAKIGRF | B PR ARF j RAEES &, @0k A
L, A6y, T B

L = A/ xlz,i + ylz,i

-1 Yui
Xy

P 2 R0 R RO S (RS @ 5 JE E BRAE 7 Rk
R pay ATRIR A
Prij = lLiCOS(QD;,j -0,) + «/rii,' - [lLiSin<¢L‘j - 6y,) }2
(4)

2 SRR A W A e RO B R

R 177 4 8 8 R P B A B2 DR 22 T
Tk (/N 3k e/ NIMEE ROR N UIE Fl i/ X

(3)

6, = tan




- 1096 - N i5)

T & 37 &

25) , AT BAH I Y 42y ROT IR T, 42 Jay RS [ A T
R AR R A BT AR Joy 30 R I 18 4 Jag RS IR AR AR 4
Jas RO By e/ N Z 3R R e /NN RGT (R RINDIRGT
1N 52 NN I 5711 DO D IV 6 s 2 Nt S 1 ST S AV 4
FEIG A T 5 R A D10 B30 A T AR /N B A T
HRAE &1 1, 2835 vy e /N —3fe [ A T 1) 7 7
F=3%" 3 (d-Ry)* =min (5)
KRy — BN BT AR
3 (5) w4 Jey RO B T Sk de /s — el A T
K(5) B MR i/ =3y # . i T B A 4
JEPE T AT TR O ARBR L BN, () i
dy TTHIE(2) iy oy, AROFF, IR (4) b
[Lusin(g; - 6,,) 17 = 0,20(3) AMERIFERN:
pa; = L (cosgp;coshy, + sing;sing,;) +r,; =
li;co80;cosp; + ypsing; + 1y =
xp;co8Q; + yusingpij + Ty
A
Taj = Paj — X1iCOS@; — ¥ sing; (6)
g,y — /N IR B AL TANZ TR 2 @ 5 SR 56 1
TN B 20y Fy o AEARAEL
oy Ay AR A E -
{xu = %, + Pz 7
Yu = Yu T 43
Ao ey, — B/ D IR T A AE x 0,0y, P EAY 2, Y
AEFME 5y, — B/ NIRRT HIZAE % 0,y T LAY
HIARBRE sPL— /N IR RIAE TH L S8 cosay /cosy, ,
oy — JNRBIFERIA S v, F 2 2 8] 19 £ 5
q,— /NI RHZESEL cosB, / cosy, ,B,— T/
Fe[ARETRIE S v BRI YIS 32— SRR RSS2
I FAFE RS %00,y “FIHIZ T FRHTRY o
W xU(5) MyARZet e/ —afe ) UL Ak o 2 1 fe /s
Zfeln)i, B
F = 2 :":1 Z;:] (pAij — Xy, CO8Q; — ¥y, 8in@; —
PL2COSQ; — q,z;sing; — R, )’ = min (8)
e (8) 2 BIRT xy ,yn o s g1 FIR SRR T, 4
HoRy 0, n 45 3 foe— Wk 5 e iz 05 i 2, Bl 45
B/ N SRR S E Ly o0 q0 FIBAE RS
JER SR A 4 e /N SR A T A D

2 m n
DAL :%Zizlzj':lpfhj <9>

WA B/ NMERSE e R A UT RS Rl R /R
STRYRE S R/NIMERSE Dy RRNYIRGE Dy FTH
AL R B -

D,. =2 min maxd,;
Xac 1sj<n

I<ism (10)
D, =-2min max ( - d,;)
Xar Isjsn :

Ap X o— B/MMERIHE A S X, = [xq,
YersPesqe ) s X y— ORI BIRE T L 350X, =
T

R/ MRS Dy, n] R E

D,, = maxd,; + mind,; (11)
I<sj<n Isj<n
I<ism Isism
S. t.f = min( max dm.. — min dv\i‘)
Az 1<j<n I<j<n Y
I<ism I<ism

A X, — KRB/ NI RS, X, = (%,
YuPzsdz] o
K (10) A1) Wiy dy, AT RT3

1 . 2 2
dAij = {(PAL]COSQ% —xp) + (PAijSlnﬁoij —yn) +z -

[PT(PA@,‘COSQDU - Xp ) + ‘IT(PAijSiHSDg,' —yn) + Zi]z}
L+pi +q;
(12)
K T— 2 RGF B 2R A, T A 2 L.CILZ Z
—, AR R/ N e AT T dic /N B A T e K
PR DD B30 A T 71 e K /N B A T )l 4 280

3 ey ROSF R T Y AT ALk

3.1 £RR~TEHELELIRNTHE

42 JRy R 45 SR 1 AT Ak S ot 24 Jmy RO AH
X N7 14D B3 A T %) ] AR A o 4 Jmy RO (B A T %) w4k
J6 B A A Ja) ST [BIAT: THT 46 56 1Y) A AL

5 ol AN 21 AT O 2 R Tt T N e
S ROT BIAEHITE AT T v 0,y ~F A9 #UA T 5948 58
H— W 3 P,

Pl 3 g RS I Tl 2 e e ¢ 806 80 48 I 75 5
Eqy — A B 46 B 69 K ¥ 5K Eq— 6 B 46 57 04 42 F 4
Kiyr— AR TEALE RS 2 48 ) & f



R T, 45 « B A4 Jm RS D1 45 SR 1 ] BRAR 5

- 1097 -

E, FlE TR T 280
D
B = 2001:)/
T
(13)
D

HARCT AL S « ARG, 2/HR
AR B R BTAE x 0,0y, T ERIBSE WA 4 B

Va

/f}?,,;

lg 4 %%Eﬁﬁ X707 %ELE"JE%?/T\%E
Ap— B 2B KA/ xp0,y, FHE LS x, R 69 kA

Ay AT A E

G 5y (14)

Ap = tan

2 Jay N [BIAE TS @ AR ER J SRAE A 3 2 Bl 42 )
FRESR

-b+ Vb -4ac .

Pry = 2a Jg=1~myj=1~n

(15)
K:ia,b,c— =TT ZIRITERTH 3 MSEL
a,b,c AT 53 B LA & 200 E
a = Eﬁ‘scosz(goij - Ap) + E%‘Lsinz(goij -Ap) (16)
b = —2Er (xycosA, + ynsindp) cos(@; = Aq) +
2E7, (xgsindy — yrncosAy)sin(@; — Ay)  (17)
¢ = Er(xgco8Ay + ypsind,)” +
E3 (xgsindy — ypcoshy )’ — Eng + Ex (18)
8 s BT 22 R B 7 1 B = 2
Fral i = E
Xpgj = PryCOSQ;
{ymj = prgSing; 1 = 1l ~m,j=1~n (19)
B = %
W E T x 0,0y, V- TIFNERS m [5 J&] 48 )58 - 1 |
AL , BIAT S BB Tl 1 rT AL, AR FR AT B R
A E -

Xy = Xqp + PpZy
{ka = xy +pez L,k = 1,m (20)

By = By

Kbk = Lz = 0,k = myz, = Lil— HMEKE .
3.2 ERHH
S /NI MUY T 5 KPR 0 T KB

FETA ) B A8 ) =0 (10) A1 (1) fi A 1) 3% H
Matlab H1 9 © fminimax” BRECRAT , Fe /NN RIAE THT L B
IR PRI A T R e R /N [ A T 114 B 2 1) £ A ) B
B S o e il S S ES 2 g [

(R A JRy A8 TSR I ) 3 G A s L 4 Jy RS [T A: T
R T A T 4 Jey IR (BRI T 1 28 9 s o5 P AR B 58
J& , ADKF Matlab H1 plot3 =44 K] %k 5 hold on i
A A A8 m AN R OR B R 5 L 4 )Ry RO [
FETATAY m AR R 8 6 | 4 Je RO R4 T 174 il 26 S B 7
—ikE L

X TR 4 Jay RO A T 04 B, AR m A
[B%E B G AL A5 A Matlab HAG surf 5%, mesh PRECE 7R .

4 SR REER

1t Talyround S8SLT [IAFBEAY |, EH XS — LT T
(52 o SR R B L, - B3] Jo) 5 B il LA © . CVS” g Rt
FLIAFRRSE D 29 51,5 mm  EEAEE L 2 100 mm, 8]
FEIRE m Ry 21, BB R AR BRI RAE RE n A 2 000,

B T AT R G 1) RO AT , X DML
HT T 2R RS ITEE . AL IR/ N 3 R RNk
e ROSE L e KON U1 RCSE R i KB /N RS 43 53 R
50.994 8 mm.51.016 mm50.976 8 mm F150.996 7 mm,

AR DL, AL T RO 18 JE
JE e /NN ST B T M HE A 2k 2 il WAk 7 i Y
R, E S PR,

— Local Magnification:500
Evaluation method:MC Global size:51.016 mm

z/mm
F-S
(=}

40

—50 _40 20

(a) 1A% Wi % B

X ’\[mm

— Local Magnification:500
Evaluation method:MC Global size:51.016 mm

z/mm
S
(=]

r 0
EA -
n ~50740 20 /i

(b) surf[&+F i
5 /N AT S BN ME R T



- 1098 - N i5)

T

P 37 %

HITELS Al v Ry, BOARBRIFAS & B S AR AR
11132 Jay T R A TG 4 Al A, B JRa A KA B R
50052 Fob Al WAL 7 k2 REAE T I 3t S0k 75 i 00 Ly [58 J)
S JEE AR NS B i S AR 1T PR g MC R dRe/y
HMEFE T

5 ZEiE

VAR A 1 T A A 150 J) 6 I kg ik, 2 35 o
T PR e/ S B AL T i/ NI MBI AT T L e K
P T8 A T R e e/ B A TR ) RO A 2 2 B A
A 5 phy 2 Jay RO R T ) RO R S8, s 1 42
FST B T A A 14 A R RY , I 4 T 22 SR T
IR A i S HCARZk 14 2 o T LA Tk 5 2 T P s 57 A9 A
BEFE T R 4R RS 3% b n] e e
B, IR — LB R R AT T AR R,
ST R T B TR 8 B R R suf (B34S Tk 14 e /N oM
JOSFPERE Bl AR S,

AT EE SRR T SE R B A AR T A (5 ]
Ry RO BT 1 S AR A 2 Al T 94 T 05 B4 2R B
WL IR 52 b n] AL T3 12 o ) ] T 8 4 B R 22 3 5
AETE R

2 2 3Lk ( References) :

[1]  GB/T 1800. 1—2009. j* f JLAT £ A ML (GPS) # PR 5
T 58 1oYW 2 RC A3 A RERI L S . b5t ]
PR At ,2009.

(2] GB/T 1182—2018. j* fiy JLATH AR HLIE (GPS) JLAg2x 22

A5 AR

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

JEAR T 1) AL BB B 2R [S ] AL AT H E AR v
ft:,2018.

ISO 14405—1: 2016. Geometrical product specifications
(GPS) — Dimensional tolerancing — Part 1: Linear sizes
[S]. Switzerland: International Organization for Standardi-
zation, 2016.

ZHAO Z X,LI B, ZHANG G, et al. Study on the evaluation
of cylinder’ s global sizes [ ] ]. Precision Engineering,
2017,49(2) :189-199.

ZHAO Z X, LI B, ZHANG G Q, et al. Influence of eccen-
tricity and tilt of cylindrical part’ s axis on the measurement
results of its diameters[ J|. Measurement, 2019,138(5) .
232-239.

YANG Y, LI M, WANG C, et al. Cylindricity error evalua-
tion based on an improved harmony search algorithm [ J].
Scientific Programming, 2018(2) :1-13.

ZHENG P, LIU D L, ZHAO F X, et al. An efficient meth-
od for minimum zone cylindricity error evaluation using kine-
matic geometry optimization algorithm|[ J]. Measurement,
2019,135(3) :886-895.

% W, A BRSO RS E A E E 2E O
SERELT ] MU 51,2018 (10) :32-35,39.
LR, A B, A5 DR U e e G AL SR T B A
JERZEVEE R R [T ], 3 5 L8R, 2019, 46
(2) :58-60.

W2 R 22 VP R R T AR BRI S LA TR
AT B B A B 158 2 A 5T E [T ] h E AL AR,
2015,26(18) ;2432-2436.

(447 ]

BHETE BRI AN, 45, B AL (A 2R RO IPE 25 2R A rT AT ) ] ML A2 ,2020,37(9) 11094 —1098.
ZHAO Xin-yu, ZHAO Ze-xiang, LIU Ru-yi, et al. Study on visualization of evaluation results of cylinder’ s global sizes[ J]. Journal of Mechanical & Electrical

Engineering, 2020,37(9) :1094 —1098.

(ML TR ) 2435 : http : //www. meem. com. cn





