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Abstract. Cylindricity deviation is a composite error that plays an important role in
evaluating the quality of mechanical parts. The assessment of cylindricity deviation is usually
based on measuring point data determined by Coordinate Measuring Machine or 3D scanner,
roundness measuring instrument. Presently, there are 4 algorithms used to calculate the
cylindricity deviation: Least Square Cylinder (LSC), Minimum Circumscribed Cylinder
(MCC), Maximum Inscribed Cylinder (MIC) and Minimum Zone Cylinder (MZC). This
paper presents a method using the optimal algorithm to calculate the diameter, cylindricity
deviation from measuring point data set and compares the results of all four methods above
with these from Coordinate Measuring Machine (CMM) with a deviation not exceeding 0,8
pm.
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Tom tit. Sai léch do try 12 sai s6 tong hop dong vai tro quan trong trong danh gia chat lugng
cac chi tiét co khi. Viéc danh gia sai 1éch d6 tru thuong duya trén dir liéu diém do xac dinh
bang may do ba toa do hodc cac may quét 3D, may do do tron. Hién nay, c6 4 thuat toan dugc
sir dung dé tinh sai léch do try: mit try binh phuong téi thiéu (Least Square Cylinder — LSC),
mat try ngoai tiép nho nhat (Mimimum Circumscibed Cylinder — MCC), mit tru noi tiép lon
nhat (Maximum Inscribed Cylinder — MIC) va mit try mién tdi thiéu (Minumum Zone
Cylinder — MZC). Bai bao trinh bay phuong phép st dung thuat todn tdi wu tinh toan dudng
kinh, sai 1éch d6 tru tir bo dit liéu diém do va so sanh két qua theo ca 4 phuong phap trén véi
két qua ciia may do toa do (Coordinate Measuring Machine - CMM) véi dé sai léch khong
vuot qua 0,8 pm.

Tur khoa: Sai léch d6 tru, may do toa dg, thuat toan Neader-Mead.
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1. PAT VAN PE

Bat ké mot chi tiét co khi nao duoc gia
cdng chinh xac van ton tai sai léch so voi
bién dang 1y tuéng caa nd va chi tiét hinh tru
cling vay, sai léch d6 tru anh huong Ion toi
kha nang ldp ghép giira hai chi tiét va hiéu
nang cua may moc [1, 2]. Nguyén nhan gay
ra sai léch do tru cd thé ké dén 1a luc kep qua
chit, rung dong, phuwong dich chuyén cua dao
khéng song song véi tdm truc chinh caa may
khi tién, thay doi lec cit, d6 ciing viing cua
hé théng cong nghé.... Tiéu chuan 1SO [3]
xac dinh sai léch d6 tru la hiéu ban kinh gitra
hai mat try dong tam &p trong va ap ngoai bé
mit tru thuc (hinh 1). Tuy nhién tiéu chuan
Viét Nam [4] lai tinh sai léch d6 tru thdng
qua ba sai léch thanh phan: sai léch do tron,
sai léch do thang (46 cong truc) va sai léch
profin mat cat doc. Ly do co thé 1a viéc xac
dinh hai mat try p (mat try tham chiéu) bang
ddng ho so va ga do 1a khong thé nén phuong
phap do sai 1éch d6 tru thdng qua ba sai Iéch
thanh phan trén 1a kha thi [5]. Trong hai thap
Ky gan day cac thiét bi do hién dai da duoc du
nhap vao nudc ta nhu: may do toa do, may
quét bién dang 3D, may do do tron nén viéc
xac dinh hai bé mat tru tham chiéu tré nén dé
dang hon nhiéu va do dé viéc tinh toan dd tru
d3 tién gan dén dinh nghia ctia chlng theo cac
tiéu chuan quéc té.

Trong cac may do toa do cua cac hang tai
Viét Nam ngay nay, sir dung bén phuong
phap dé xac dinh hai mat try tham chiéu: mat
try binh phuong toi thiéu, mat tru ngoai tiép
nhé nhat, mat tru noi tiép 1on nhat va mit tru
mién tdi thiéu. Trong bén phuong phap trén
thi MZC 1a phuong phap phu hop nhit véi
dinh nghia cta ISO vé sai léch do tru va co
két qua tinh ra 12 nho hon so vdi ba phuong
phép con lai, do &6 c6 nhiéu nghién ciru [6, 7]
duoc dua ra dé tang hiéu qua tinh toan cua
phuong phap nay. Tuy nhién MZC la phuong

i Mat tru
Sailéch °ptrong
do tru '
— Mit tru
thuc
Mat tru
4« 4p ngoai

= = g

Hinh 1. Pinh nghia sai 1éch d6 tru théng qua
hai mat tru 4p (hai mét tru tham chiéu).

vector chi phuwong
Z 4 u(abo)

Hinh 2. Sy phan bé cac diém do déi v&i chi tiét
tru va hai mat tru ap.

phép rat phuc tap va phai giai bai toan tdi wu hoa phi tuyén, trong khi LSC duoc st dung rong
rai trén cac may do toa d6 vi moé hinh toan don gian va hiéu nang tinh toan cao [8]. Trong khi
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MCC phu hop dé sir dung tinh toan dudng kinh chi tiét truc va MIC phu hop dé do chi tiét 15.
Bai b&o nay ung dung phuong phap toi wu dé giai bai toan tong quét tinh todn do tru va duong
kinh cua chi tiét co khi theo ca 4 phuong phap trén va so sanh két qua gitra chung.

2. MO HINH TOAN HOC TIM MAT TRU THAM CHIEU

Bai toan tim mit tru tham chiéu trong khéng gian 1a xac dinh duong tdm [ va ban kinh R.
Puong tdm duoc xac dinh di qua 1 diém M(Xm, Ym, Zm) va cd véc to chi phuong i (a, b, c).

Phuong trinh duong thang [ trong khong gian di qua diém M c6 véc to chi phuong 2 1a:

X— Xy _ N — Z— Zpm (1)
a b c

Khoang cach tir mot diém P(x, y, z) &én duong tim A la:

Y= Vu Z_ZM2+|Z_ZM X — xy|?

el P ¢ a
d(P,A) =——5—=
[ul Vaz + b2 +c?
()
Trong do: Toan tir PM i : tich c¢6 hudng cua hai véc to PM va 1.
Toan tur |l : 6 dai cua vec to .

Phuong trinh mt try trong khong gian Oxyz c6 thé thé hién nhu sau:

d(P,A) =R ©)

Véi mbi diém do Pi(xi, Vi, zi), khoang céch tir cac diém do dén duong tam tru dugc xac dinh
bang:

_ _ 2 _ _ 2 _ _ 2
Xi— Xy Vi~ VYu Yi —¥u Zi—Zm Zi —Zy X — Xy

R = d(B,8) = e ; -
@

Bai toan tim mat tru tham chiéu tré thanh bai toan xac dinh dudng tdm va ban kinh théng
qua 7 bién xm, ym, Zm, &, b, ¢ va ban kinh R.

Quay tro giai bai toan tong quét tim sai léch do tru va duong kinh try c6 thé giai quyet
thong qua viéc giai cac bai toan tdi wu hoa phi tuyén tlnh [9]. Trong viéc giai bai toan téi uu
thi ham muc tiéu va phuong phap giai toi wu 13 hai yeu t6 quan trong nhat gidp tinh toan két
qua chinh xéc va thoi gian tinh toan hoi tu nhanh. Két qua duoc trinh bay trong bai bao nay sir
dung phuong phap tdi wu dé giai bai toan phi tuyén tim ra 7 bién trén va tinh toan két qua do
tru cua chi tiét tir bo diém do. Tuy nhién véi mdi phuong phap thi ham muyc tiéu s& khac nhau.
Cu thé nhu sau:

2.1. Phwong phap tru mién t6i thiéu MZC

Phuong phap MZC phai tim ra 2 mt try tham chiéu dong tdm c¢6 ban kinh lan luot 12 Rmax
va Rmin bao lay toan bo diém do sao cho hiéu ban kinh gitra ching la nho nhat, va do d6 ham
muc tiéu st dung dé tim mat tru tham chiéu trong phuong phap nay 1a :
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F(XM-}TM-ZM- a, bnc) = Mjn{[Ri]max - [Ri]min} (5)
2.2. Phuwong phap binh phwong tbi thiéu LSC
V6i phuong phap LSC, ham muc tiéu 1a tim ra mat try tham chiéu sao cho tong binh
phuong khoang cach tir cac diém do dén mat tru tham chiéu dat nho nhat. Khoang céch tur

diém do dén mat tru bang hiéu khoang céch tir diém do dén duong tam A trir di ban kinh cua
tru Risc :

d(P;,mattru) = |d(P;,A) — Ryscl = |R; — Rysel (6)

Ham muc tiéu sir dung trong phuong phap LSC:
F(xp, Yur 2y, @, b, ¢, Rpse) = Min{X7_, (R; — Rpsc)®} (7)

2.3. Phuong phap mit tru ngoai tiép nhé nhat MCC

Phuong phéap nay phai tim ra mat try bao lay tat ca cac diém do nhung c6 ban kinh nho
nhat, ham muyc tiéu caa phuong phap MCC la:
F(.IM. Var Zan @, b, c) = Mjn{[Ri]max} (8)
2.4. Phwong phap mit tru ndi tiép I6n nhat MIC
Nguoc lai v&i phuong phap MCC, phuong phép nay tim ra mat try noi tiép bén trong tat
ca cac diém do va co ban kinh 16n nhat, do vay ham muc tiéu cia phuong phap MIC 1a:
F(X'M-}M-ZM-Q b, C) = MQX{[R ]mm} (9)
bé dong bo glua cac phuong phap va thuat tién trong viéc giai bai toan t6i wu. Do R; &
khoang cach tir diém do dén dudng tdm nén R; luon dwong. Cong thic s6 (9) chuyén thanh
tim ham muc tiéu:
F(xp, i, 21, @, b, ¢) = Min{[—R; ] nin} (10)
Trong bén phuong phap thi riéng phuong phap LSC 14 giai bai toan téi wu véi 7 bién con
3 phuong phap con lai can giai bai toan véi 6 bién. Tuy nhién ham muyc tiéu cia cac phuong
phép khéc nhau nén két qua tinh toan ciing khac nhau. Phuong phap giai bai toan téi wu da
bién duoc trinh by & muc 3 sau day.

3. PHUONG PHAP GIAI BAl TOAN TOI UU PHI TUYEN

Bai toan can giai quyét 1a tim gia tri nho nhat ciia ham muc tiéu da trinh bay trong muc 2.
C6 nhiéu phuong phap giai bai toan tdi wu phi tuyén dé tim gié tri ham tdi thiéu vi du sir dung
thuat toan don hinh Nelder-Mead (the Nelder-Mead simplex algorithm) [10], hay thuat toan
rao can Lagrangian chuyén doi toan cuc (the globally convergent Lagrangian barrier
algorithm) [11]... Trong bai bao di kiém nghiém cac phuong phép va cho két qua twong
dwong, nén dé don gian trong phan xir ly, bai bao st dung thuat toan don hinh Nelder-Mead,
thuat toan co thé dugc mo ta nhu sau: vai cau tric n + 1 diém cho véc to n chiéu x. Thuét toan
dau tién tao mot cau tric xung quanh dy doan ban dau xo bang cach thém 5% caa mdi thanh
phan Xo(i) Va0 Xo va str dung n vecto nay lam phan tir cia cu trdc ngoai Xo. (Thuat toan str
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dung 0,00025 Iam thanh phan i néu xo(i) = 0.) Sau do6, thuat toan sira doi cau trdc 1ap lai theo
quy trinh sau:

Budc 1: Goi x(i) biéu thi danh sach cac diém trong cau tric hién tai, i=1, ..., n + 1.

Budc 2: Tht tu cac diém trong cau tric tir gia tri ham thap nhét fix(1)) dén cao nhét
f(x(n+1)). Tai mdi budc trong lan Iap, thuat toan loai bo diém xau nhit hién tai x(n+1) va
chap nhan mot diém khac vao cau tric. (Hoic, trong trudng hop cua bude 7 dudi day, né thay
d6i tat ca n diém ¢ gia tri trén f(x(1))).

Budc 3: Tao diém phan chiéu (reflected point):
r=2m—x(n+1) (12)

Trong do: m = @, voii=1...n, sau do tinh f (1).

Budc 4: Néu f(x(1)) < f (r) < f(x(n)), chdp nhan r va két thic lip nay. “Chon diém Phan

chiéu”.

Budc 5: Néu f(r) < f(x(1)), hiy tinh diém ma rong s (expanded point):
s=m+2(m—x(n+1)) (12)

va tinh f(s).

a. Néu f(s) < f(r), chap nhan s va két thiic qua trinh lp. “Chon diém mé rong”.
b. Néu khong, chap nhan r va két thic lap. “Chon diém phan chiéu”.

Budc 6: Néu f(r) > f(x (n)), thuc hién co lai con khoang giita m va x(n + 1) hoic r, tdy thudc
VA0 i tri ndo co gia tri ham muc tiéu thap hon.

a. Néu f(r) < f(x(n + 1)) (nghia Ia r t5t hon x(n + 1)), hay tinh:
c=m+(r—m)/2 (13)
va tinh f(c). Néu f(c) < f(r), chap nhan ¢ va két thic lap. “Chon diém thu hep ngoai”.
Néu khong, hay tiép tuc véi Budc 7 (budc thu hep).

b. Néu f(r) > f(x(n + 1)), hay tinh:
cc=m+(x(n+1)—m)/2 (14)

va tinh f(cc). Néu f(cc) < f(x(n + 1)), chap nhan cc va két thic lp. “Chon diém thu
hep trong”.

Néu khong, hay tiép tuc véi Budc 7 (budc thu hep).
Budc 7: Tinh n diém noi suy:
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v(i) =x(1) + (x(i) — x(1))/2 (15)

va tinh f(v(i)), i = 2, ..., n + 1. C4u tric & lan l3p tiép theo 1a x(1), v(2), ..., v(n + 1). “khoang
thu hep”.

Hinh 3 biéu dién cac diém ma phuong phép c6 thé tinh toan trong quy trinh, ciing véi mdi cau
trdc méi ¢d thé co. Cau triic ban dau c6 mot duong vién dam. Cac budc lap lai tiép tuc cho
dén khi chung dap ung tiéu chi dung.

x(n+1)

Hinh 3. Cac diém tinh toan trong qué trinh lap tim diém cuc tiéu.

M¢ rong phuong phap trén cho bai toan nhiéu bién, ching t6i da 4p dung bai toan tbi vu tim
diém cuc tiéu caa ham sé 7 bién dé tinh toan do tru tong quat véi bo dir liéu diém do wng ham
muc tiéu cua tirng phuong phap duoc gidi thiéu tai muc 2.

Trong nghién ctu nay st dung thuat todn Nelder-Mead trén ngdn ngir 1ap trinh MATLAB.
Cac ham muc tiéu va ham tinh toan dugc xay dung két hop véi 1 s6 ham cé san trong cong cu
t6i vu (MATLAB optimization toolbox) dé xir Iy két qua bai toan tim do tru tong quét.

Thuat toan s& dirng néu dap ang maot trong cac diéu kién sau:

-S4 lan lap dat tdi da;

-S4 lwong ham danh gia dat téi da;

- Do thay dbi cua céc bién giira hai 1an lap lién tiép nho hon gia tri dat trudc;

- Do thay d6i cua gia tri ham muc tiéu giira hai lan lap lién tiép nho hon gia tri dat
trudc;

988



Transport and Communications Science Journal, Vol 72, Issue 8 (10/2021), 982-993

Hinh 4 biéu din qua trinh thay doi gié tri cia ham muc tiéu theo phwong phéap binh phuwong
t6i thiéu (LSC).

Gi4 tri hién tai ctia ham: 0.00302965
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Hinh 4. Gia tri ciia ham thay d6i vé cuc tiéu trong qué trinh lap.

Ung véi mbi vong lap, khi s6 lan lap ting 1én thi sé lugng ham danh gia tang, dan dén
thoi gian tinh toan s& ting. DBé giam thoi gian tinh toan, ching tdi tién hanh nhiéu vong lap
trong d6 nhitng vong dau s& tim gia tri thd véi diéu kién ding lap & mic thap, vong lap sau thi
diéu kién dung lap s& duoc nang cao hon dé ting do chinh xac két qua. Viéc sir dung nhiéu
vong lap véi cac diéu kién ding ting dan s& giam thoi gian tinh toan di rat nhiéu so véi sir
dung mot vong lap duy nhat véi diéu kién ding tuong duong véi vong lap cudi cua phuong
&n st dung nhiéu vong lap ma két qua trong duong. Trong nhitng két qua trinh bay ¢ day, bai
bao str dung 3 vong lap voi diéu khién dimg ting dan nhu sau:

- S6 lan 1ap mdi vong lap tdi da 1a 1000.
- S6 lugng ham déanh gia tbi da 1a 1000.

- o thay doi gid tri bién gitra cac lan lap lién tiép véi vong 1 nho hon 102 mm, vong 2 nho
hon 10 mm, va véi vong 3 nhé hon 108 mm.

- B¢ thay doi gié tri ham gitra c4c 1an 13p lién tiép ciing dugc chon gidng do thay doi cua bién
cu thé voi vong 1 nho hon 102 mm, vong 2 nhé hon 10* mm, va vai vong 3 nho hon 10
mm.

Véi diéu kién ding nhu trén, thuat toan tbi wu tinh toan ra két qua trong khoang tir 10 dén
20s va dat d6 chinh xac twong duong véi may do toa do. Dé ting do chinh xac cua két qua
tinh toén ta c6 thé tang s6 vong lap, hay trong mdi vong lap ting sb lan lap va sé lwong ham
danh gia t6i da ciing nhu giam d6 thay d6i cia ham va bién giira cac lan lap lién tiép. Tuy
nhién thoi gian tinh toan s& tiang. Trong nghién ciru nay lua tron cac thdng sé dimg dé két qua
tinh toan twong duong véi két qua tir may do toa do.
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4. THUC NGHIEM VA KET QUA

Dé danh gia thuat toan, mot chi tiét 16 chuan Mitutoyo 177-146 duoc sir dung dé do do tru
trén may do 3 toa d6 Mitutoyo Crysta Apex S544 (hinh 5) ¢6 sai s6 cho phép 16n nhat Eomee
= 2,2 + 4L/1000 pm dit tai phong thi nghiém Hé théng Po luong nha C5 phong 213 trudng
bai hoc Bach Khoa Ha Noi.

Hinh 5. Chi tiét 16 chuan dugc do trén may do toa do Apex S544 hang Mitutoyo.

Cum déu do bao gdm 3 mé dun: mé dun dau do (probe head) MH20i ¢ goc xoay A =0 +
90° va B = £180°% mé6 dun do cham — cam 1wng (touch — trigger) TP20 STD cua héang
Renishaw, va kim do K651260 (chiéu dai 27,5mm, duong kinh dau do 3 mm). Bé do duong
kinh va do tru cua chi tiét do, trudc hét chon 3 mé dun cta cum dau do lan luot 12 MH20i,
TP20 STD, K651260. Tiép theo, dau do dugc hiéu chuan véi goc A= 0°, B = 0° véi qua cau
chuan caa Mitutoyo (duong kinh 19,97523 mm). Sau d6, dau do dugc dan dong ban ty dong
dén n diém do (100 diém do) va dir liéu toa do X, Y, z cua cac diém do dugc Xxuat ra tép vin
ban (text file) nhu thé hién ¢ bang 2. Tir bo dir liéu ndy, do tru va duong kinh caa chi tiét
duoc tinh theo ca 4 phuong phap da trinh bay & muc 2 va 3.

Bang 1. Két qua do tru theo 4 phuong phap LSC, MCC, MIC, MZC so sanh véi két qua
trén may do toa do.

PRSI e Két qua trén may
Keét qua bang phuong phap toi uu do toa do.
Phuong phép LSC MIC MCC MZC MZC
D tru (mm) 00049 | 00053 | 00048 | 00044 0,0044
Budng kinh mat tru tham | oo 5000 | 499974 | 50,0058 | 50,0015 50,0015
chiéu. (mm)
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Bang 2. Toa d6 X, y, X ciia 100 diém do trén bé mat chi tiét LS chuan Mitutoyo 177-146

1, X:
2; X:
:21,9134; Y: 12,0335; Z: 3,9889
:18,2217; Y: 17,1125; Z: 3,9890
5; X:
6; X:
7, X:
8; X:
9; X:
10; X:
11; X:
12; X:
13; X:
14; X:
15; X:
16; X:
17; X:
18; X:
19; X:
20; X:
21; X:
22; X:
23; X:
24; X:
25; X:
26; X:
27; X:
28; X:
29; X:
30; X:
31; X:
32; X:
33; X:
34; X:

3; X
4; X

25,0038; Y: -0,0223; Z: 3,9867
24,2237, Y: 6,1891; Z: 3,9885

13,3767; Y: 21,1108; Z: 3,9887
7,6942; Y: 23,7785; Z: 3,9888
1,5275; Y: 24,9432; Z: 3,9885
-4,7233; Y: 24,5393; Z: 3,9882
-10,6780; Y: 22,5941; Z: 3,9879
-15,9675; Y: 19,2256; Z: 3,9880
-20,2496; Y: 14,6516; Z: 3,9877
-23,2590; Y: 9,1592; Z: 3,9881
-24,8057; Y: 3,0944; Z: 3,9878
-24,7991; Y: -3,1533; Z: 3,9873
-23,2398; Y: -9,2151; Z: 3,9871
-20,2271; Y: -14,6984; Z: 3,9869
-15,9446; Y: -19,2614; Z: 3,9871
-10,6593; Y: -22,6224; Z: 3,9870
-4,7060; Y: -24,5627; Z: 3,9873
1,5367; Y: -24,9652; Z: 3,9871
7,6887; Y: -23,7995; Z: 3,9873
13,3698; Y: -21,1365; Z: 3,9876
18,2034, Y: -17,1474; Z: 3,9878
21,8965; Y: -12,0771; Z: 3,9882
24,2108; Y: -6,2501; Z: 3,9879
24,2108; Y: -6,2480; Z: 7,9903
25,0026; Y: -0,0305; Z: 7,9877
24,2215; Y: 6,1894; Z: 7,9879
21,9132; Y: 12,0326; Z: 7,9881
18,2209; Y: 17,1118; Z: 7,9881
13,3775; Y: 21,1101; Z: 7,9880
7,6944; Y:23,7767; Z: 7,9883
1,5283; Y: 24,9423; Z: 7,9879
-4,7230; Y: 24,5394, Z: 7,9882

35; X:
36; X:
37; X:
38; X:
39; X:
40; X:
41; X:
42; X:
43; X:
44; X:
45; X:
46; X:
47; X:
48; X:
49; X:
50; X:
51; X:
52; X:
53; X:
54; X:
55; X:
56; X:
57; X:
58; X:
59; X:
60; X:
61; X:
62; X:
63; X:
64; X:
65; X:
66; X:
67; X:

-10,6782; Y:
-15,9662; Y:
-20,2499; Y:
-23,2589; Y:
-24,8054; Y:
-24,8002; Y:
-23,2413; Y:
-20,2273; Y:

22,5949; Z: 7,9880
19,2256; Z: 7,9875
14,6527; Z: 7,9877
9,1584; Z: 7,9872
3,0950; Z: 7,9873
-3,1535; Z: 7,9871
-9,2148; Z: 7,9869
-14,6989; Z: 7,9867
-15,9468; Y: -19,2623; Z: 7,9865
-10,6597; Y: -22,6234; Z: 7,9867
-4,7062; Y: -24,5652; Z: 7,9866
1,5377; Y: -24,9653; Z: 7,9868
7,6892; Y: -23,8004; Z: 7,9868
13,3707; Y: -21,1359; Z: 7,9869
18,2038; Y: -17,1467; Z: 7,9873
21,8961; Y: -12,0777; Z: 7,9868
21,8960; Y: -12,0769; Z: 11,9906
24,2098; Y: -6,2484; Z: 11,9870
25,0013; Y: -0,0300; Z: 11,9873
24,2207;Y:6,1889; Z: 11,9874
21,9112; Y: 12,0333; Z: 11,9875
18,2177; Y: 17,1109; Z: 11,9876
13,3769; Y: 21,1079; Z: 11,9874
7,6939; Y: 23,7754; Z: 11,9875
1,5272;Y:24,9426; Z: 11,9878
-4,7229; Y: 24,5393; Z: 11,9874
-10,6769; Y: 22,5943; Z: 11,9873
-15,9660; Y: 19,2254; Z: 11,9871
-20,2495; Y: 14,6526; Z: 11,9874
-23,2590; Y:9,1586; Z: 11,9869
-24,8061; Y: 3,0949; Z: 11,9867
-24,8003; Y: -3,1538; Z: 11,9864
-23,2412; Y: -9,2157; Z: 11,9864

68; X:
69; X:
70; X:
71; X:
72; X:
73; X:
74, X:
75; X:
76; X:
77, X:
78; X:
79; X:
80; X:
81; X:
82; X:
83; X:
84; X:
85; X:
86; X:
87; X:
88; X:
89; X:
90; X:
91; X:
92; X:
93; X:
94; X:
95; X:
96; X:
97; X:
98; X:
99; X:

100; X:

-20,2287; Y: -14,6990; Z: 11,9861
-15,9464; Y: -19,2635; Z: 11,9863
-10,6593; Y: -22,6239; Z: 11,9861
-4,7065; Y: -24,5654; Z: 11,9862
1,5373; Y: -24,9659; Z: 11,9866
7,6900; Y: -23,8003; Z: 11,9860
13,3719; Y: -21,1358; Z: 11,9867
18,2039; Y: -17,1465; Z: 11,9864
18,2025; Y: -17,1485; Z: 15,9893
21,8956, Y: -12,0775; Z: 15,9865
24,2090; Y: -6,2492; Z: 15,9867
25,0006; Y: -0,0295; Z: 15,9868
24,2189; Y: 6,1889; Z: 15,9874
21,9101; Y: 12,0323; Z: 15,9873
18,2179; Y: 17,1094; Z: 15,9876
13,3764; Y: 21,1074; Z: 15,9875
7,6933; Y: 23,7749; Z: 15,9874
1,5277;Y:24,9409; Z: 15,9871
-4,7227; Y: 24,5379; Z: 15,9870
-10,6770; Y: 22,5946; Z: 15,9869
-15,9665; Y: 19,2258; Z: 15,9864
-20,2499; Y: 14,6523; Z: 15,9862
-23,2594; Y: 9,1591,; Z: 15,9861
-24,8061; Y: 3,0925; Z: 15,9857
-24,8012; Y: -3,1526; Z: 15,9858
-23,2425; Y: -9,2154; Z: 15,9858
-20,2292; Y: -14,7001; Z: 15,9855
-15,9474; Y: -19,2645; Z: 15,9851
-10,6605; Y: -22,6250; Z: 15,9856
-4,7068; Y: -24,5669; Z: 15,9856
1,5376; Y: -24,9668; Z: 15,9859
7,6904; Y: -23,8006; Z: 15,9859
13,3701; Y: -21,1353; Z:

15,9860

liéu 100 diém do tiép tuc duoc lay va xir ly két qua trong bang 3:

Dé kiém tra tinh 6n dinh cua thuat toan va so sanh véi két qua cia may do toa do 8 bo dir
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Bang 3. Két qua tinh d¢ tru cua 8 bo dit liéu theo 4 phuong phap LSC, MCC, MIC, MZC

Do tru va dudng kinh tinh theo phwong phap tdi uu (mm) b0 tru (phuong phap sur
B6 dit dung) va duong kinh
Iiéil tht Lsc MIC MCC MZC tinh toan duorCAtiI may
do toa do
. 0,0132 0,0117 0,0127 0,0115 0,0133 (LSC)
49,9997 49,9869 50,0064 49,9975 50,0000
5 0,0099 0,0086 0,0099 0,0085 0,0097 (MCC)
50,0007 49,9940 50,0065 50,0022 50,0070
3 0,0098 0,0091 0,0098 0,0089 0,0093 (MIC)
50,0007 49,9928 50,0060 50,0015 49,9920
4 0,0106 0,0102 0,0110 0,0095 0,0090 (MZC)
50,0005 49,9915 50,0061 50,0009 50,0010
c 0,0103 0,0099 0,0100 0,0089 0,0087 (MZC)
50,0008 49,9927 50,0064 50,0011 50,0010
6 0,0097 0,0083 0,0091 0,0077 0,0091 (MIC)
50,0006 49,9936 50,0067 50,0012 49,9936
. 0,0051 0,0050 0,0050 0,0047 0,0049 (MCC)
50,0011 49,9971 50,0053 50,0014 50,0053
g 0,0051 0,0060 0,0053 0,0044 0,0051 (LSC)
50,0009 49,9971 50,0056 50,0015 50,0009

Nhin vao két qua do tru & bang 1 va 3 cho thdy két qua tinh todn theo phuong phéap ti uu
va két qua tir may do toa do cuing st dung chung phwong phap tinh do tru c6 do twong dong.
Trong cac phuong phap tinh d¢ try thi MZC luén lubn cé gié tri nho hon 3 phuong phap con
lai, boi vi ham muc tiéu cta phuong phép nay 1a tim gia tri nhé nhat caa hiéu ban kinh
([R:)imax — [Rilmim) va 12 phi hop nhét véi dinh nghia ciia 1SO vé d6 try. LSC 1a phuong
phap cd hiéu ning tinh toan cao nhat nén rat phu hop véi bo dit lidu diém I6n dé ap dung
trong cac may quét 3D ma sai léch két qua khong qua 16n so vi MZC (I6n nhit 12 2 pm dbi
vé6i bo dir liéu diém 6 ¢ bang 3). Con phuong phap MIC 1a cb gang tim ra mit try noi tiép bén
trong tit ca cac diém do nén tinh ra duong kinh phd hop cho cac chi tiét 156, nguoc lai, muc
dich cua MCC la tim ra mat try bao ngoai lay tat ca cac diém do nén duong kinh danh nghia
cua tru tinh duoc phi hop véi cac chi tiét truc. Ngoai ra cac két qua do tru tinh theo phuong
phép t6i wu hoan toan phu hop véi két qua trén may do thwong mai Mitutoyo Crysta Apex
S544 vi sai léch 16n nhat 12 0.8 um & bo dit liéu 6 phuong phap MIC. Biéu ndy mé ra hudng
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ing dung phuong phap xir Iy sb liéu cho cac thiét bi do do tron, do toa do cuia cac cdng ty cua
Viét Nam.

5. KET LUAN

Nghién ctu da xay dung duoc phuong phap tinh toan do tru va duong kinh mat tru tham
chiéu véi bo dir lidu diém do trong hé toa do ba chiéu. Phuong phap nay giai duoc bai toan
tinh tong quét cao 4p dung dwoc véi bo dir liéu diém do 16n véi tru co dudng tam cua mit try
tham chiéu & bat ky vi tri nao trong khdng gian. Ca bbn phuong phép tinh toan do tru bao
goém: LSC, MIC, MCC, va MZC déu duoc dé cap va xu 1y tinh toan ciing nhu so sanh véi két
qua ctia may do toa do thuong mai Mitutoyo véi do sai léch 16n nhat 0,8 pm. Két qua bai bao
c6 thé ap dung dé do do tru cho céc thiét bi quét 3D vai dau ra 1a dir liéu dam may diém va
cac phuong phap tiép xdc va khdng tiép xtc khac.
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