NGHIEN CU’U - TRAO DBOI

THU'C NGHIEM PANH GIA PO KHONG DAM BAO TRONG PHEP
PO BUONG KiNH MAT CAU BANG MAY PO TOA PO

EXPERIMENTAL EVALUATION OF UNCERTAINTY IN SPHERICAL DIAMETER
MEASUREMENT USING A COORDINATE MEASURING MACHINE

Nguyén Thanh Trung
Khoa Co khi Ché tao méy, Trudng Co khi, Pai hoc Bach Khoa Ha Noi
Email: trung.nguyenthanh2@hust.edu.vn

TOM TAT

May do toa do (CMM) dwoc sir dung réng rdi trong do lwong co khi dé xdc dinh cdc déc
trung hinh hoc cua chi tiét tir dir liéu toa do ba chiéu. Poi véi bé mdt dang cau, dwong kinh dwoc
xdc dinh tir tdp hop diém do thong qua mét tiéu chi xit Iy dit liéu nhat dinh. Vi vay, két qua do khéng
chi chiu dnh hweong ciia sai s6 CMM va sé lwong diém do, ma con phu thudc vdo tiéu chi xir Iy dir
liéu va sai léch hinh dang ciia chi tiét do. Nghién ciru nay xdy dung phirong phdp danh gid dg khéng
dam bao do dwong kinh mat cau theo dinh huong cua 1SO 15530-3 trén co so dir liéu thuc nghiém
dinh luwong. Thuc nghiém duoc thuc hién trén may CMM Mitutoyo Crysta-Apex S544 voi hai quy
trinh ldy mau gom 12 diém va 20 diém. M6 hinh déanh gid xét dén cdc thanh phan lién quan dén chi
tiét chuan, do lap lai cua quy trinh do, sai 56 hé tho”'ng va sai léch do cau cua chi tiét do. Két qud
cho thdy d khéng dam bao do mé réng lan luot la 0,00616 mm va 0,00514 mm doi véi quy trinh
do 12 diém va 20 diém, voi hé sé phii k = 2.

Tir khéa: Sai léch dé cau; Duong kinh mat cau; B khong dam bao do; May do toa do; Tiéu
chi danh gia.

ABSTRACT

Coordinate measuring machines (CMMSs) are widely used in mechanical metrology to
determine the geometric characteristics of components from three-dimensional coordinate data.
For spherical surfaces, the diameter is determined from a set of measured points using a specific
data processing criterion. Therefore, the measurement result is affected not only by CMM errors
and the number of measured points, but also by the selected data processing criterion and the form
error of the measured workpiece. This study develops a method for evaluating the measurement
uncertainty of spherical diameter measurement in accordance with the general approach of ISO
15530-3, based on quantitative experimental data. Experiments were conducted on a Mitutoyo
Crysta-Apex S544 CMM using two sampling strategies consisting of 12 and 20 measured points.
The evaluation model considers uncertainty components related to the calibrated workpiece,
repeatability of the measurement process, systematic error, and sphericity error of the measured
workpiece. The results show that the expanded uncertainties are 0.00616 mm and 0.00514 mm for
the 12-point and 20-point measurement procedures, respectively, with a coverage factor of k = 2.

Keywords: Sphericity error; Sphere diameter; Measurement uncertainty;, Coordinate
measuring machine; Evaluation criteria. &
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1. GIOI THIEU

Trong nén cong nghiép co khi ché tao
hién nay cua Viét nam, cac chi tiét dugc ché
tao phai tuan thi nghiém ngit cac yéu cau vé
kich thudc, vi tri va hinh dang dé c6 thé lam
viéc diing chirc nang, c6 hi¢u nang cao va canh
tranh so voi san pham cua d6i thu. Cac bé mat
cAu ctia cac chi tiét nhu khuon dac, khuon dap,
khop clu,... thuong khong thé do duoc, hodc rat
kho bao dam hi€u qua va do chinh xac do khi
st dung cac dung cu do thong dung nhu panme,
déng hd so hodc cau ké. Do do, cac dang bé mat
nay thuong duoc kiém tra trén may do toa do
(CMM - Coordinate Measuring Machine), dit
lidu thu duoc tir CMM dugce biéu dién trong hé
toa d0 Oxyz va duoc xir Iy dé dong thoi trich
Xuét ra ca thong s6 vé sai léch hinh dang va
kich thudc. Khi danh gia duong kinh va sai
léch d6 cau, dir lidu toa do tir CMM thuong
dugce xtr 1y theo bdn tiéu chi: mat ciu binh
phuong t6i thiéu (LSS — Least Square Sphere),
mit cu noi tiép 16n nhat (MIS — Maximum
Inscribed Sphere) [2], mit cAu ngoai tiép nho
nhit (MCS — Minimum Circumscribed Sphere)
[3] va mit cau mién t6i thiéu (MZS — Minimum
Zone Sphere) [4].

Hién nay, cac tiéu chuin qudc té chu
yéu tap trung vao viéc thiét 1ap co s chung
cho dung sai hinh hoc, chéng han nhu ISO 1101
[5], TCVN 5906 [6], hodc dua ra cac nguyén
tic chung vé danh gia do khong dam bao do
[7, 8]. Bdi voi phép do dudng kinh va sai léch
d6 cau trén CMM, tiéu chuan ISO 15530-3 [9]
ciing chi cung cap khung hudng dan téng quat
cho viéc danh gid d khong dam bao do, ma
chua dinh lugng cu thé s luong diém do can
thiét cling nhu muc d6 anh huéng cua sai léch
hinh hoc bé miat dén két qua danh gia. Trong
mot s6 truong hop, tiéu chuan nay con khuyén
nghi bo qua anh huong cua sai 1éch hinh dang.
Tuy nhién, trén thuc té sai 1éch do cau c6 thé

anh huong dang ké dén két qua do duong kinh
va d6 khong dam bao do, dic biét khi s6 luong
diém 14y mau con han ché hoic phan bd diém
do chua hop ly. Vi vay, viéc khao sat thuc
nghiém véi cac sé lugng diém do khac nhau
nham danh gia anh hudng cua dit liéu 1dy mau
dén két qua tinh toan d6 khong dam bao do 1a
can thiét va c6 ¥ nghia thyc tién. Do vdy, bai
bdo nay trinh bay phuong phép thuc nghiém
tinh toan d6 khong dam bao do ddi voi dudng
kinh mit cau dua trén dir liéu toa do ba chiéu tir
CMM.

2. PHUONG PHAP PANH GIA PO
KHONG PAM BAO PO

ISO 15530-3 [9] da quy dinh phuong
phap danh gid d6 khong dam bao do ddi véi
cac két qua do thu duoc bang may do toa do
CMM théng qua viée st dung chi tiét chuan da
hiéu chuédn hodc chuan do luong. Theo phuong
phép nay, phép do danh gia do khong dam bao
duoc thuc hién trong cac diéu kién va quy trinh
tuong tu nhu phép do thuc té; tuy nhién, chi
tiét can do duoc thay thé bang chi tiét chuan da
hiéu chuan ¢ hinh dang va kich thuéc twong
dong. Trudc khi tién hanh do, CMM can dugc
thiét 1ap, cAu hinh va hiéu chuan dau do theo
huéng din van hanh cta nha san xuit. Pong
thoi, can bao dam trang thai can bﬁng nhiét phu
hop gitra chi tiét chuan va CMM. Céc yéu t6
lién quan dén ga kep, sb luong va chién luogc
lay diém, quy trinh ga/thao chi tiét, toc do do
cling can duoc duy tri twong duong véi diéu
kién do thuc té.

Mot chu ky do thuc té trén chi tiét bao
gdm céc thao tac ga dat, xtr 1y chi tiét va thuc
hién phép do. Khi danh gia d§ khong dam bao
theo [9], chi tiét can do duoc thay thé bang chi
tiét chuan da hiéu chuan, trong khi quy trinh
do, diéu kién do va chién lugc do duoc duy tri
tuong tu phép do thuc té. Trong bao céo do, két
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qua do y va do khong dam bao do mé rong U
duoc biéu dién dudi dang y = U. P9 khong dam
bao mé rong dugc xac dinh theo:

U=kJu§a1+u§+uﬁ+u§v (1)

Trong do:
-kla he 5O phu thuong lay k = 2 tuong
mg v6i x4c sudt phu xap xi 95%;

u_ la do khong dam bao chuan lién
quan den do khong dam bao hiéu chuan cta
chi tiét chuan, dugc néu trong chimg nhan hiéu
chuén;

- u la do khong dam béo chuan lién
quan dén quy trinh do;

- u, la do khong dam bao chuan do sai
s6 hé thong cua quy trinh do;

- u la d6 khong dam bao chuan lién
quan dén su khac biét gitra chi tiét chuan va chi
tiét can do.

Céc thanh phan dong gop vao do khong
dam bdo cua phép do duoc liét ké trong bang 1
dudi day:

Bdng 1. Cdc thanh phan do khéng dam bao va cach xem xét trong danh gid dé khong dam bdo do.

Thanh phin d) khong dim bao P h“"”“t’flfohé%?\i“h gid Ky hi¢u
Sai s6 hinh hoc cia CMM A Pugc danh gia gop trong u
Nhiét d6 cia CMM A Puoc danh gia gop trong u
Do tr6i cua CMM A Pugc danh gia gop trong u
Nhiét d6 cua chi tiét A Puoc danh gia gop trong u
Sai s6 hé thong cuia hé thong dau do A Pugc danh gia gop trong u
bo lap lai cua CMM A Pugc danh gia gop trong u
Do phan giai thudc do cia CMM A Pugc danh gia gop trong u
Gradient nhiét d§ cia CMM A Pugc danh gia gop trong u
Sai s6 ngau nhién cia hé théng dau do A Puogc danh gia gop trong u
Do khong dam bao khi thay dbi dau do A Pugc danh gia gop trong u
Sai s0 gay ra boi quy trinh ga kep,... A Puogc danh gia gop trong u
Sai s6 gay ra boi bui ban A Duogc danh gia gop trong u
Sai s6 gdy ra boi chién lugc do A Pugc danh gia gop trong u
D6 khong dam bao hiéu chuan cua chi tiét
chuan d hiéu chuan B cal
Tat ca yéu td dong gop vao u, va nhiét do B u
trong qua trinh danh gia chi tlet chuan b
S}r khac piét gifra chi tiét cé'n do va chi tiét da A hodic B u
hiéu chuan vé: d6 nham, sai Iéch hinh dang,... ; w
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Céc do khong dam bao chuan riéng 1¢
dugc danh gia nhu sau.

* P khong dam bao chuin cia chi tiét

chuén da hi¢u chuan u_:

Puoc xac dinh tir o khong dam bao do
m¢ rong U va h¢ s6 phu k, dugc cho trong
ching nhan h1eu chuan.

Ucal
Ueal = % (2)

* P§ khong dam bao do quy trinh do

a) DG khong dam bao chudn u, cua quy trinh
do dwoc xdc dinh theo cong thuec:

DN G /0 ) INNE)

V6i v 1a gia tri trung binh cua céc 1an do
¥, n1a s0 lan do.

Thuc chat cong thic nay chinh 1a do
léch chuén thuc nghi¢m cua tap dir li¢u do, tuc
danh gia kiéu A theo GUM. N6 phan anh téng
hop cac anh huong nhu: do 1dp lai cia CMM,
sai s& dau do, chién lugc do, ga dat, thay doi
nhiét, bui ban, thao tic nguoi van hanh.

b) Sai s6 hé thong b:

Sai s6 hé thong 1a chénh léch gitta gia
tri chi thi cia CMM va gia tri da hiéu chuan cua
chi tiét chuan (x_):

b=y-x_ (4)

Theo khuyén nghi cia GUM, két qua
do phai dugc hi¢u chinh theo lugng sai sb hé
théng. Trong truong hop viéc hiéu chinh nay
khong kha thi, két qua do co thé duogc biéu dién
duéi dang:

Y=y-b+U (5)

Trong truong hop nay, do khong dam
bao u, dugc tinh theo:

up, = (T—20°C) Xu, X1 (6

Trong do:

-u, 12 d6 khong dam bao chuén cua hé sb
gidn né nhiét cta chi tiét chuan da hiéu chuan;

- T 1a nhiét d6 trung binh cta chi tiét
chuin di hiéu chuin trong qua trinh danh gia
do khong dam bao do;

- 11a kich thu6c duoce do.

* P9 khong dam bio chuin u_ tir qua trinh
ché tao

Céc bién thién cta sai 1éch hinh dang
va d6 nham do qua trinh ché tao thay d6i, ciing
nhu cac bién thién vé do déo do thay doi vat
liéu va tinh chat bé mit cua cac chi tiét do, sé
anh huong dén do kh()ng dam bao cﬁa phép do.
Do khong dam bao chuan u, bao gdm cac anh
huong nay. Néu khong thé bo qua cac dong gop
do khong dam bao cua qua trinh ché tao, thi
phai xem xét thém cac yéu té bd sung trong
u_ . Cac dung sai tuong ung vé hinh dang va do
nham c¢6 thé dugc dung dé danh gia cac dong

gop nay.

Ngoai ra, mot dong goép do khong dam
bao dang ké phat sinh tir sy bién thién cua hé
) gian nd nhiét cua cac chi tiét duoc do. Pai
luong nay, u_, dugc tinh béng:

wi = (T —20°C) X ug X1 7)

Trong do:

’ - u, la do khong dam bg’lo chuin cua hé
sO gian nd nhi¢t cua cac chi tiet; gia tri nay co
thé duoc danh gi tir dai hé sé gian no nhiét do
nha cung cap vt lidu cung cap;

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
476 TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

- T 1a nhiét d6 trung binh cua chi tiét
trong qua trinh do;
- 1 1a kich thuéc duoce do.

Khi do, u , dugc tinh nhu sau:

u,, = ’ufﬂ +uZ, (8)

3. KET QUA THU'C NGHIEM VA THAO
LUAN

Qua cau chudn Mitutoyo ¢6 dudng kinh
hiéu chudn 19,97523 mm va sai léch d6 cau
0,13 pm, dugc su dung lam chi tiét chuén da
hiéu chuan. Theo gidy ching nhan hiéu chuan,
do khong dam bao do mo rong cua duong kinh
qué cau chuan la U_,=0,2 um v6ihé s6 phitk =
2. Dua trén hudéng dan chung cua ISO 15530-3
[9] vé danh gia d6 khong dam bao do bang chi
tiét chuan, qua cau chuan duoc do lap lai tong
cong 40 lan, trong d6 gdbm 20 1an do theo chién
luoc 12 diém va 20 1an do theo chién lugc 20
diém. Sau khi hoan thanh phép do trén qué cau

chuén, bi cdu can do duoc ga dat tai vi tri gﬁn
v6i qua cau chuan nham duy tri diéu kién do
tuong dong. Bi cdu ndy sau d6 dugc do lap lai
10 chu ky cho mdi chién luoc do, twong g
voi 12 diém va 20 diém do trén bé mat cau.
Cac phép do duogc thuc hi¢n trén may do toa
d6 Mitutoyo Crysta Apex S544 c6 sai s6 cho
phép Ion nhat B, = 2,2 + 4L/1000 pm, nhu
thé hién trong Hinh 1 trong diéu kién nhiét do
26 + 0,5°C, d6 am tuong ddi 60 + 5%. Két qua
do duong kinh cta mit cAu chuan va bi cau do
dugc trinh bay & Bang 2.

Hinh 1. Qud cau da hiéu chudn dwoc do trén mdy
do toa do Mitutoyo Crysta Apex S544.

Bdng 2. Két qua do dwong kinh ciia qua cau chudn va bi cau do trén CMM (mm)

Lén do Qua cau.ghuan, Qua cau.fhuan, Bi ciu do, 12 diém | Bi cau do, 20 diém
12 diém 20 diém
Gid trj trung binh 19,97576 19,97422 20,0019 20,00154
Do léch chudn s, 0,00145 0,00126 0,00271 0,00223
Kioing ble_nDthlen 0,0055 0,0048 0,0098 0,0066

Nhu trinh bay ¢ muc 2, do khong dam
bao do chuan ciia phép do duong kinh mat cau
duoc xac dinh tir bén thanh phan chinh:

- Thr hai, do khong dam bao do do do
lap lai ctia quy trinh do dugc xac dinh tir do
léch chuan cua cac két qua do lap lai. Cu thé,

dbi voi quy trinh do 12 diém va 20 diém:

- Thir nhat, do khong dam bao do chuin

lién quan dén do khong dam bao hiéu chuan u =
ctia chi tiét chuan dugc lay theo chimg nhan
=0,0001 mm.

hi¢u chuén: u_,

TAP CHI CO KHI VIET NAM, S6 342, thang 6 nam 2026
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- Thur ba, d§ khong dam bao do chuin
lién quan dén sai s6 hé thong cua quy trinh do
duoc xac dinh theo anh hudng ctia sai I¢ch nhiét
d6 so v6i nhiét d6 chuan 20°C bang cong thirc
(6), v6il=20 mm vau = 1,0 x 10° 1/°C, gia
tri d6 khong dam bao do do thanh phan nay la
u, = 0,00012 mm. Gia tri u, duoc ap dung giong
nhau cho ca hai quy trlnh do 12 diém va 20
diém. Tuy nhién, két qua duong kinh do duogc
can dugc hiéu chinh theo sai s6 hé théng b, voi
cac gia tri twong tmg: b ,= 0,00053 mm va b,
=-0,00101 mm.

- Thtr tu, do khong dam bao do chuén
do qua trinh ché tao cta chi tiét do u_bao gdém
hai thanh phan u, vau . Trong cac phép do
thuc nghiém, chi 1 tlet do coi nhur ¢6 cung diéu
kién nhiét d6 véi qua cau chuan; dong thoi kich
thude va do khong dam bao do cua hé sb gidn
nd nhiét dugc xem la twong duong. Do do,
thanh phan u_ = 0,00012 mm.

Déi voi u__, anh hudng cua tinh dan hoi
va tinh chit bé mat duoc xem la khong dang ké
do chi tiét do 1a vat liéu kim loai cung, bé mat
khong c¢6 16p phi mém va phép do duoc thuc
hién bang dau do tiép xtic véi luc do nho. Anh
huong ctuia dd nham bé mit ciing khong duoc
xét riéng, do dau do cau c6 duong kinh 16n hon
nhiéu so véi kich thudc dic trung ctia cac nhap
nho té vi; vi vdy anh huong nay dugc xem la
nho va da dugc phan anh trong thanh phan do
1ap lai cua quy trinh dou .

Do do, u duoc xem la énh hudng chu yéu
cua sai léch hinh dang bé mat. Anh hudng nay co
thé duoc danh gia thong qua do 1éch chudn ciia cac
két qua do dudng kinh khi do Idp lai chi tiét, hoic
uoc luong theo sai 1éch do cau quy dinh trén ban
v&. Trong nghién ctru nay, chi tiét dang cau duoc do
Iap lai 10 lan d6i v6i mdi quy trinh do 12 diém va
20 diém. Vi Vay, u duorc lay bang do léch chuan
s, cua cac két qua do duong kinh, voi:

U =0,00271 mm
U, =0,00223 mm

Tur cac thanh phan trén, 6 khong dam
bao do chuan tong hop d6i véi quy trinh do 12
diém va 20 diém duge xac dinh nhu sau:

Uc 1 =J 2a+tud,+ug+u2, ,=0,00308mm

Uc,20=J .:al‘l'llpgo-l-llb-I-llw20 0,00257 mm

Do d6, két qua do dudng kinh cia bi
cau khi &p dung quy trinh do 12 di€m va 20
diém dugc biéu dién nhu sau:
D, =Di; — by + k- Uc 12
= 20,00065 £ 0,00616 mm

va:
Dyo = Dyp—byo+ k- Uc 20
= 20,00255+ 0,00514 mm

Trong d6, k =2 13 hé sb phu, tvong tng
v&1 muc tin cdy xap xi 95%.

4. KET LUAN

Bai bao da ap dung phuong phép thuc
nghiém danh gid d§ khong dam bao do duong
kinh mat cau trén may do toa d6 CMM theo
huéng dan cia ISO 15530-3. Phuong phap sur
dung qua cAu chuin di hiéu chuin dé x4c dinh
cac thanh phan d¢ khong dam bao lién quan
dén quy trinh do, sai s6 hé thong cia CMM va
két hop thém thanh phan do sai 1éch hinh dang
cua chi tiét do chua duoc hiéu chuén.

Két qua thuc nghiém trén may CMM
Mitutoyo Crysta-Apex S544 cho thdy quy trinh
do 20 diém cho két qua 6n dinh hon so véi quy
trinh do 12 diém. P9 khong dam bao do mo
rong cta phép do dudng kinh bi cau giam tir
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0,00616 mm xudng 0,00514 mm khi sé diém
do tang tir 12 1én 20 diém, twong mg mtc giam
khoang 16,6% véi hé s6 phi k= 2. Diu nay cho
thdy viéc ting s6 diém lay mau c6 thé lam giam
anh huong cua sai 1€ch hinh dang cuc bg va cai
thién d¢ tin cdy cua Kkét qua xac dinh duong
kinh mit cau trén CMM. Két qua ciing cho thiy
khi do chi tiét chua dugc hiéu chuén, viéc xét
dén thanh phan d6 khong dam bao do sai léch
hinh dang cua chi tiét do 1a cin thiét. Thanh
phan nay gitip mo hinh danh gia 6 khong dam
bao do phan anh sat hon diéu kién do thyc té,
thay vi chi dua vao do I¢ch chuin cta duong
kinh chi tiét chuan. Vi viy, ddi v6i cac phép
do duong kinh mat cau tir tap hop diém do trén
CMM, can xem xét dong thoi sai s cta thiét b
do, chién lugc lay diém, tiéu chi xir ly dir liéu
va dic diém hinh dang cua chi tiét do.+
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