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TOM TAT

Bai bdo nay phan tich dg chinh xdc khi sir dung panme dau do chit V dé do dwong kinh ngodi
ciia cdc chi tiét ¢6 bé mdt gidn doan véi sé canh 16, nhw dwong kinh ngoai then hoa, banh ring, miii
taro hodc dao phay ngén. Trong cdc trwong hop sé canh 1é nay, panme thong thuong véi hai tiép
diém khéng thé dam bao dg chinh xdc do khéng thé tiép xiic ding trén bé mdt do. Ngwoc lai, panme
dau do chir Vtié}) xuc tai ba vi tri, bao gém hai mat chit V va dau do dong, tao kha nang ty dinh
tam tot nhung phu thudce nhiéu vao kj nang thao tic nguoi do. Két qua do dwoc so sanh véi mdy
do toa do (CMM), su dung ca bén thudt todn xdc dinh duong tron: binh phwong 16i thiéu (LSC),
ngoai tiép nhé nhat (MCC), néi tiép 1ém nhat (MIC) va mién t6i thiéu (MZC). Két qua so sanh cho
thdy panme dau do chit V c6 xu hieong cho két qua bang hodc I6n hon nhiéu nhat téi 0,03 mm so
v6i CMM, trong dé sai léch ddang ké nhdt xudt hién khi doi chiéu véi két qua theo thudt todn dwong
tron néi tiép 1ém nhdt.

Tir khéa: Panme dau do chiv Vi Bé mdt gian dogn; D¢ chinh xac; Luc do;, May do toa do.

ABSTRACT

This work investigates measurement accuracy when using a V-anvil micrometer to determine
the outer diameter of features with uneven lobes or teeth, such as splines, gears, taps, or multi-flute
end mills. Conventional micrometers with two contact points are unsuitable for such geometries due
to insufficient surface engagement, which can result in significant measurement errvors. In contrast,
a V-anvil micrometer provides three-point contact, two at the V-anvils and one at the spindle.
However, the accuracy of the measurement remains highly dependent on the operator s ability to
align the micrometer correctly. Measurement results were compared with those obtained from a
coordinate measuring machine (CMM) using four common standard evaluation algorithms: Least
squares circle (LSC), Minimum circumscribed circle (MCC), Maximum inscribed circle (MIC), and
Minimum zone circle (MZC). The comparison results show that the micrometer produces values
equal to or greater than 0.03 mm compared to those of the CMM, with the greatest deviation
observed when using MIC algorithm.

Keywords: V-anvil micrometer; Discontinuous surface; Accuracy, Measuring force;
Coordinate Measuring Machine.
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1. PAT VAN PE

Trong linh vuc do ludong co khi chinh
xac, panme 1a mot trong nhitng dung cu do co
ban va phé bién nhét, dugc sir dung rong rai tai
cac nha may, xuong gia cong co khi hodc trong
phong kiém tra chat luong. Thiét bi nay hoat
dong dua trén nguyén 1y chuyén dong tinh tién
ciia dau do dong, thong qua sy an khép giira
co cau ren va dai oc [1]. Thiét ké truyén thong
cua panme su dung hé théng chia vach co khi
trén du xich dé doc két qua, cho phép dat duoc
d6 phén giai 1én dén 0,01 mm, 0,005 mm hodc
tham chi 0,001 mm. BJ phan gidi cua panme
co khi dugc xac dinh bang ty sé gitta budc ren
cta truc vit va sb lugng vach chia trén du xich.
Vi du, ddi v&i panme c6 budce ren 0,5 mm va du
xich g@)m 50 vach chia, d¢ phan giai dat duoc la
0,01 mm (Hinh la). Khi s6 vach chia ting 1én
100 (Hinh 1b), d0 phan giai duoc cai thién, dat
mic 0,005 mm. Nguyén 1y ndy ciing c6 thé ap
dung véi céc loai panme c6 budc ren khac nhu
0,25 mm (loai budc min) hoac 1 mm (loai budc
tho), giip mo rong dai ing dung tuy theo yéu
cau do cu thé.

(b)
Hinh 1. Cach chia vach trén panme cé buéc dau
do dong 0,5 mm va 56 lwong vach chia trén du
xich: a) 50 vach, b) 100 vach

Tuy nhién, panme hai tiép diém thong
thuong chi hoat dong hiéu qua khi do céc chi
tiét c6 mat ngoai tron déu hodc gian doan cé
sd canh chdn. Khi gip céc chi tiét co tiét dién
bién dang gian doan c6 s canh 1é nhu tryc then
hoa, banh rang, dao phay hay miii taro, viéc xac

dinh duong kinh ngoai bang hai diém tiép xuc
1a khong kha thi [2]. Dé khic phuc han ché nay,
nhiéu hang thiét bi do da phat trién loai panme
dau do chir V (V-anvil micrometer) v6i ba diém
tiép xuc, trong d6 hai diém tao boi ranh chit V ¢d
dinh va mot diém con lai tir dau do dong. Thiét
ké nay gitip dam bao kha niang tu dinh tam tot
hon va thiét 1ap cac vi tri tiép xtc dung vao bé
mit can do d6i véi cac chi tiét ¢ sb canh 1é.

Panme dau do chit V hién dugce st dung
rong rii trong cic xudng san xuat nham kiém
tra nhanh kich thuéc hodac do mon cua dung cu
cét, dic biét trong cac trudng hop khong 6 sin
thiét bi do cao cip nhu may do toa do ba chiéu
(CMM) [3, 4]. Mot s6 nghién ctru da chi ra rang
d6 chinh xac ctia panme chit V ¢6 thé bi anh
huong boi nhidu yéu t6 nhu: sai sé ché tao tai
goc chit V, hinh dang dau do dong, vi tri tiép
xuc thyc té, luc do tac dong, cling nhu ky ning
thao tac ciia nguoi van hanh [5].

Mic du cac tiéu chuén nhu ISO [2, 6]
da dua ra cac yéu cau vé do chinh xac cho dung
cu do co khi, nhung cidc nghién ctru so sanh
truc tiép gitta panme dau do chir V va CMM
trong diéu kién do cac bé mat gian doan van
con it duge cong bd. Trong bdi canh nay, viée
dbi chiéu két qua do cua panme chit V véi
CMM la can thiét dé danh gia do tin cdy va
pham vi str dung phil hop cua thiét bi. Do vy,
nghién ctru nay dugc thyc hién nham danh gia
sai léch ciia panme dau do chit V khi do banh
rang c6 sd rang 1é, thong qua so sanh voi két
qua do bang may CMM theo cac thuat toan xur
1y dit liéu hinh hoc da dugc tich hop trong phan
mém thuong mai.

2.NGUYEN LY PO CUA PANME DAU PO
CHU'V

Nguyén 1y do duong kinh theo phuong &
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phap ba tiép diém duoc minh hoa trong hinh 2.
Khac voi phuong phap hai tiép diém, khi luong
dich chuyen ctia dau do dong chinh 1a duong
kinh can do, panme dau do chit V do dudng
kinh thong qua su dich chuyén cua dau do ung
véi chiéu dai L, duge tinh theo cong thuc sau
[7]:
P

_D 1
L= 5 (1 + ﬁ—sin@) (1)

Trong d6, D 1a duong kinh can do, o 14
gdc gilta hai mat cua ranh V.
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Hinh 2. Nguyen Iy hinh hoc cua phu"ong phap do
ba tiép diém bang panme dau do chit V.

Vi goc a = 60°, ta c6 L = 1,5D, nghia
1a dau do phai dich chuyén 1,5 mm dé do dugc
I mm duong kinh thuc. Do d6, budc ren cua
truc vit trong panme dugc ché tao 13 0,75 mm
thay vi 0,5 mm nhu panme thong thuong. Diéu
nay dugc kiém chimg thuc nghiém khi tién
hanh do budc ren ciia dau do dong panme bang
may do bién dang Contracer CV-2100 cua hang
Mitutoyo, nhu thé hién trong hinh 3. Két qua
hién thi trén phin mém cho thdy budc ren la
xap xi 0,75 mm, pht hop v6i su tinh toan & trén.
Ngoai ra, hinh 4 minh hoa khoang céach thuc té
gita cac vach khéc trén thang chia chinh ciia
panme. V&i dai do tir 85 mm dén 100 mm cia

panme Mitutoyo 114-107, khoang cach thyc té
do duoc 1a 22,5 mm, xac nhan ty 1¢ khuéch dai
1,5 1an cua phuong phap do ba tiep dieém.

(b)
Hinh 3. (a) Truc ren ciia dau do panme duwoc ga trén
may do bién dang va (b) Ket qua do bucc ren va goc
profin ren trén phdan mém cia may do bién dang.

Hinh 4. Cach chia vach trén thang chia chinh cua
panme - khoang cach thuc té tir vach 85 den 100
co gia tri 22,5 mm.
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Tuy nhién, can luu ¥ rang khi do dudng
kinh ctia cac bé mat gian doan co sd canh 1é,
viéc lya chon goc chir V cua panme phai phu
hop véi hinh hoc cua chi tiét dé dam bao tlep
xtc ding va dinh tdm chinh x4c. Véi n 1a so
canh cua chi tiét can do, goc chir V ky hiéu la
o dugc xac dinh theo cong thire sau [8], nham
dam bao ba canh cta chi tiét tiép xtc chinh xac
tai hai mat ranh chit V ¢d dinh va dau do dong
cua panme:

a=180° — 2% @)
n

Bén canh do, trong thuc té, nén uu tién
Ira chon cac gia tri goc chir V theo tiéu chuan
thong dung dé thuan tién khi chon mua hodc
ché tao panme. Di v6i cac chi tiét c6 sd canh
n 16n va chia hét cho 3, c6 thé ap dung quy tac
rut gon dé sir dung lai cac goc tiéu chuan. Mot
s6 vi du minh hoa duoc trinh bay trong Bang 1
dudi day:

Bang 1. Lwa chon géc V ciia panme theo s6 canh
cua bée mat do.

S6
canh
cuia | 3| 5 7 9 | 15|21 27
mat
don
Goc vV 128 (hoac
© 60 | 108 120, 135)

60| 60 | 60 | 60

3. KET QUA PO SO SANH VOI MAY PO
TQA DO

Bé mat gian doan duogc st dung trong
nghién ctru 1a mot banh riang c6 sb rang z = 27
va md dun m = 3 mm. Puong kinh dinh rang
ctia banh ring nay dugc do bang ca panme dau
do chir V Mitutoyo 114-107 va may do toa do
Mitutoyo Crysta-Apex S544, nhu minh hoa
trong Hinh 5. Dé danh gia d6 lip lai cua phép

do trén panme, banh rang dugc do 81 lan, mdi
lan dich tién mot rang, do d6 qua trinh do bao
phu ba vong rang lién tiép.

(b)
Hinh 5. Banh rang co z = 27, m = 3 duwoc do
trén: (a) Panme dau do chir V, (b) May do toa do
Mitutoyo Crysta-Apex S544.

Trén may do toa d0 CMM, phép do
dugc thyc hién 9 1an bang ché d6 tu dong. Mdi
lan, may thu thap 27 diém do tai dinh cac rang,
v6i vi tri bat dau do gilta hai 1an do lién tiép
cach nhau 3 rang. Quy trinh do nay dugc lap lai
cho ca bdn thuat toan xir 1y dir liéu khac nhau.
Két qua do bang panme dugc trinh bay trong
hinh 6, trong khi két qua do ctia CMM duoc thé
hién & hinh 7.

35
30
25

31
23 22
20
10
5 2
0 |

86.58 86.59 86.6 86.61
Gié tri duong kinh dinh ring do dwoc (mm)

Hinh 6. Két qua do dwong kinh dinh ring (z = 27,
m = 3) bang panme dau do chit V.

S0 lan xudt hién
-
*

Quan sat Hinh 7 cho thiy gi4 tri dudng
kinh dinh ring do duoc bang CMM kha 6n dinh
khi str dung cac thuat toan LSC, MCC va MIC,
trong khi thuét toan MZC c6 sy dao dong nhe,
1én dén 0,0062 mm. Hon nita, ddi véi cung mot
banh ring, két qua do duong kinh dinh ring dat

gia tri 1on nhét khi st dung thuat toan MCC, &
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nho nhét véi thuat toan MIC, va gan voi gia
tri trung binh khi st dung LSC va MZC. Su
khac biét nay la phu hop voi dinh nghia trong
tiéu chuan ISO vé bén phuong phap xac dinh
duong tron tham chiéu khi do trén CMM, ciing
nhu c4c tai liéu tham khao khac [9-11].

86.605

86.6

o
o
]

(mm)
a

bBuong kinh dinh ring

Lan do

Hinh 7. Két qua do dwong kinh dinh rdng bang
CMM. Lan do 1-9 sir dung thudt toan LSC,
10-18: MCC, 19-27: MIC, 28-36: MZC.

Su chénh 1éch 16n nhat giita 36 1an do
bang CMM 14 0,0193 mm, va chu yéu xuét phat
tur sy khac nhau trong thuat toan xu ly dir li¢u.
Trong khi d6, két qua do bang panme dau do
chit V ¢6 d6 chénh léch 16n hon, 1én dén 0,03
mm. Nguyén nhan chinh 1a do su sai l¢ch tai cac
vi trf tiép xuc gilta panme va banh riang do. Cac
vi tri tiép xtic nay khong phai 14 diém ma 1a cac
duong tiép xtc, nén di panme co lyc do giGi
han trong khoang 5 dén 10 N khi dung co ciu
banh coc [3], két qua do van phu thudc nhiéu
vao k¥ nang va thao tac ctia nguoi sir dung dé
Iva chon vi tri tiép xuc phu hop nham dat duoc
két qua chinh xac.

4. KET LUAN

Két qua cua 81 1an do duong kinh dinh
ring cta banh ring 27 ring thyc hién bing
panme dau do chit V cho thay gia tri trung binh
dat 86,5995 mm v6i do 1éch chuén 0,0081 mm.
Khi so sanh vé6i két qua do bang may do toa
d6 CMM, str dung bdn thudt toan xu 1y dit liéu
duong tron pho bién, gid tri trung binh thu dugc
14 86,5894 mm véi d6 léch chuén 0,0062 mm.
Su sai 1éch gitra hai phwong phép 1a rdt nho va

hoan toan chap nhan dugc trong cac tmg dung
do kiém thong thuong.

Diéu nay cho thay rang, mic du chi la
mot dung cu co khi don gian, nhung panme dau
do chir V van c6 thé dugc str dung dé do cac bé
mat gidn doan cé s6 canh 1&, nhu duong kinh
dinh rang cta banh rang hoac dao phay ngon,
v6i d6 chinh xac twong dwong so véi thiét b
CMM chuyén dung. Trong khi CMM 1a thiét bi
dat tién, yéu cau diéu kién moi truong nghiém
ngat (nhi¢t do, do am, rung dong) va thuong
chi dugc st dung trong phong do chuén, thi
panme dau do chit V lai ¢6 vu diém 16n: dé van
hanh, do truc tiép tai hién truong, it chiu anh
huong boi moi truong xung quanh, va dac biét
phii hop véi cac nha may nhé khong co diéu
kién dau tu thiét bi do cao cip. Tuy nhién, dé
dam bao d¢ chinh xéc, k¥ nang va kinh nghiém
ctia ngudi van hanh panme van dong vai tro rat
quan trong. <

Ngay nhén bai: 08/5/2025
Ngay phan bién: 26/5/2025

Tai liéu tham khao:

[1]. Francis T. Farago, Mark A. Curtis (1994),
“Handbook of Dimensional Measurement”,
Third Edition. Industrial Press Inc. Pages. 23-
26.

[2]. Tiéu chuan ISO 3611:2023(E): “Geometrical
product specifications (GPS) - Dimensional
measuring  equipment -  Design  and
metrological characteristics of micrometers
for external measurements”.

[3]. https://shop.mitutoyo.eu/web/mitutoyo/
en/mitutoyo/01.02.01.075/3%20Flute%20
V-Anvil%20Micrometer/$catalogue/
mitutoyoData/PR/114-107/index.xhtml.

[4]. Heinrich Schwenke, Ulrich Neuschaefer-
Rube, Tilo Pfeifer, Horst Kunzmann, “Opfical
Methods for Dimensional Metrology in
Production  Engineering”. CIRP Annals,

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
I8 TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

[5].

[6].

[7].

[8].

Volume 51, Issue 2, 2002, Pages 685-699.
Sangeeta Pandit, Neel. P. Padia. Chapter:
Ergonomic Design Analysis of Analogue
Micrometer Screw Gauge. (2023) “Sustainable
Material, Design, and Process”. Taylor &
Francis Group.

Tiéu chuan 1SO 14253-1:2017, “Geometrical
product specifications (GPS) - Inspection by
measurement of workpieces and measuring
equipment”.

Nguyén Tién Tho, Nguyén Thi Xuan Bay,
Nguyén Thi Cam TG (2007), “Ky thudt do
leong va kiém tra trong ché tao co khi”. NXB.
Khoa hoc va K¥ thuat, trang 18.

Nguyén Tién Tho, Nguyén Thi Xuan Bay,
Nguyén Thi Cam TG (2007), “Ky thudt do
leong va kiém tra trong ché tao co khi”. NXB.
Khoa hoc va Ky thuat, trang 71.

[9]. ISO 12181-1:2011(E), “Geometrical product

specifications (GPS) — Roundness, Part 1:
Vocabulary and parameters of roundness”.

[10]. Nguyén Thanh Trung, Vii Toan Thing, Vi

Tién Diing, “Si dung phirong phdp t6i wu gidi
bai toan danh gia sai léch do tru tir b div liéu
diém do”. Tap chi Khoa hoc Giao thong van
tai, s6 72(8), 2021, trang 982-993.

[11]. Qingze He, Peng Zheng, Xingchen Lv, Jicun

Li, Yan Li, “4 new method for evaluating
roundness error based on improved bat
algorithm”. Measurement, Volume 238, 2024,
115314.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025 kY
cokhivietnam.vn / tapchicokhi.com.vn



