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Tom tat:

Pé dap tng nhu cu hiéu chuin thiét bi do dd dai 16n nhur: thwée cudn, thwée vach, thiét bi do khoang cich bang laser...
trong cac nganh xay dung, giao thong va cong nghiép, nhom nghién ciru da thiét ké hé théng thiét bi hiéu chuin/kiém
dinh thwéc cufn, thwée vach ¢6 pham vi do dén 30 m sir dung giao thoa ké laser din xuét tir chudn dau d¢ dai. Qua
nghién ciru, phan tich cic hé théng chuin hién dang co tai cac vién do lwong quéc gia trén thé gi¢i, nhém nghién
ciru di dwa ra ciu tao, nguyén Iy va thiét ké hé thong phu hop véi diéu kién k§ thuat, kinh té va ha ting trong nwéc.
Dﬁng thoi ciing dam bio tinh kha thi, hi¢u qua va tinh ing dung cao trong thuec tién. Hé th(”')ng gﬁm: giao thoa ké laser,
camera, cic by phan co khi, thiét bi do méi trrdng va nhiét do vat liéu. H¢ thong nay sé dam bao tinh lién két chuin
cho cic thiét bi do do dai 16n nhw thuée cudn, thwée vach, thiét bi do khoang cach bang laser..., dong thoi dap ing
yéu cu thuye tién ngay cang cao ciia cic nganh sin xuat va xiy dung hién dai.

Tir khéa: giao thoa ké laser, hi¢u chuin/kiém dinh dd dai 16n, hi¢u chuin thuéc vach, kiém dinh thwéc cudn, pham vi
hiéu chuan 30 m.
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Abstract:

To meet the demand for calibrating large-length measuring instruments, such as tape measures, rulers, and laser
distance meters, in the construction, transportation, and industrial sectors, the research team has designed a
calibration system with a measuring range of up to 30 metres using a laser interferometer derived from the primary
length standard. Based on the research and analysis of standard systems currently in use at national metrology
institutes around the world, the study proposes a system structure, operating principle, and design aligned with the
technical, economic, and infrastructural conditions in Vietnam. Also, the system ensures feasibility, efficiency, and
high applicability in practical use. The system includes a laser interferometer, a camera, mechanical components, and
instruments for measuring environmental conditions and material temperature. This system ensures metrological
traceability for large-length measuring instruments, including tape measures, line scales, and laser distance meters,
while also meeting the growing practical demands of modern manufacturing and construction industries.
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30-metre calibration range.

Classification numbers: 2.1, 2.3, 2.11

“Tac gia lién hé: Email: dungtc@vmi.gov.vn

‘ %HI\?GCHE 68(2) 2.2026 1



1. Dt van de

Hién nay nhu ciu hiéu chuan/kiém dinh, dam bao do
chinh x4c cho cac chuin, phuong tién do d6 dai dé dap
g yéu cau cia cac co so ché tao, doanh nghiép, nha may
san xuat va nghién ciru khoa hoc ngay cang tré nén cap
thiét. Cac loai thudc cudn, thude vach duoc mua ban va su
dung rat nhiéu trong cac nganh xay dung, giao thong, co
khi, ddu khi... Theo Thong tu s6 03/2024/TT-BKHCN ngay
15/4/2024 cia B truong B Khoa hoc va Cong nghé, thudc
cuon la phurong tién do nhom 2 nén phai thyc hién kiém dinh
theo quy trinh DLVN 36:2009 trudc khi dua vao st dung
[1]. O nudc ta, hau hét cac td chure, don vi cung ce”ip dich vu
hiéu chuan/kiém dinh thudc cudn, thude vach dang st dung
thudc vach chuan c6 pham vi do dén 1 m (phuong phap do
truyén thong) dé hiéu chuan/kiém dinh thudc cudn, thude
vach va chua c6 don vi nao nghién ctru vé hé théng thiét
bi hiéu chuan/kiém dinh thudc vach, thude cudn co pham
vi do dén 30 m. Bé dap mg nhu cau hiéu chuan chuin do
luong céc loai thude vach chuén, thuéc cudn chuin, Phong
Do luong B9 dai, Vién Do luong Viét Nam da sir dung may
do d6 dai str dung giao thoa ké laser c6 pham vi do dén 3
m phu hop theo quy trinh BPLVN 283:2015 [2] va BDLVN
266:2020 [3]. May do d6 dai 3 m st dung giao thoa ké laser
¢6 cAu tao gdm ngudn laser HP 5519A, hé guong do tuyén
tinh, bang may c¢6 pham vi lam viéc dén 3 m, camera, cac
cum dd ga thude va phan mém trong may tinh nhu hinh 1.
Tuy nhién, do chuin con han ché vé pham vi do nén ddi voi
thude cudn, thude vach c6 pham vi do 16n dén hang chuc
mét thi phai thyc hién viéc thay doi ga dat va can chinh lai
rdi tién hanh do cong don sai s6 & vi tri tiép theo. Diéu nay
s& anh huong dén phép do do cac sai sé cosin, Abbe, do 6n
dinh cta tia laser, sy bién thién nhiét d¢, 1am mat nhiéu thoi
gian va c6 nguy co giy nham lan trong qué trinh do.

Vi vay, cn ¢6 mot hé théng chuén dam bao dugc cac
yéu cau ky thuat vé pham vi do, d§ chinh xac c6 thé do duoc
toan by pham vi do cta thude cudn, thudc vach trong it lan
ga dat nhét. Do d6, nhom nghién ctru da thuc hién nghién
ctru thiét ké hé théng thiét bi hiéu chuin/kiém dinh thudce
vach, thudc cuon pham vi do dén 30 m véi muc dich giai
quyét bai toan hiéu chuan/kiém dinh céc loai thudc cudn,
thudc vach co pham vi do 16n dén 30 m bang phuong phap
do tung vi tri trén thudc trong mot lan ga dat thuoc. HE
thdng c6 pham vi do dén 30 m van dép tng duoc cac thudce
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cudn c6 pham vi do 16n hon 30 m nhu 50 hay 100 m bang
cach thay doi tir 2 dén 4 1an ga dat dé c6 thé do hét pham vi
cua thude. Sai sb do viée ga dat thuoc s€ it hon so véi viée
g4 dat rat nhidu lan khi str dung thudc vach chudn (pham vi
do dén 1 m) hodc may do d6 dai sir dung giao thoa ké laser
(pham vi do dén 3 m). Hon nita, chi phi san xuét hé théng
chudn c¢6 pham vi do dén 30 m s& nhé hon nhiéu so véi céc
hé théng chuén ¢ pham vi do dén 50 hodc 100 m.

2. Nghién ciiu thiét ké co khi hé théng chuan
2.1. Ciu tgo ciia hé thong chuin

Hién nay, cac loai thudc cudn, thudc vach c6 pham vi do
16n dén hang chuc mét dang dwoc sir dung ngay cang nhiéu.
Diéu nay yéu cau hé thong chuan ciing phai c6 pham vi do
twrong ung dén hang chuc mét. Qua tim hiéu, nghién ctru,
hién nay cac vién do ludong qudc gia (NMIs) trén thé gioi da
nghién ctru phat trién hé théng chuan dé hiéu chuin thudc
cudn, thude vach. O Thai Lan, bd phéan dich vu khoa hoc
(DSS) d3 nghién ctru, ché tao hé théng hiéu chuin thudc
cudn ¢6 pham vi dén 50 m st dung giao thoa ké laser [4] co
cdu tric thiét ké nhu hinh 2.

Hé théng do giao thoa ké laser 50 m ding dé hiéu chuin
cac loai thude cudn chudn va cac may do do dai 1on nhu
may do xa laser, may do quét laser... dugc nghién ctru boi
Vién Do luong Quéc gia Han Qudc (KRISS) [5] ¢6 cdu tao
nhu hinh 3.

Qua nghién ctu, phan tich cac h¢ thong chuan su dung
giao thoa ke laser & mét so nudc nhu Thai Lan, Han Quoc

Hinh 1. May do d6 dai 3 m s dung giao thoa ké laser.
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Hinh 2. C4u truc thiét ké cta hé théng hiéu chuan thwéc cudn caa DSS [4].

Hinh 3. Hé théng do giao thoa ké laser 50 m cua Vién Do lwong Quéc gia Han Quéc [5].

va ciing tir may do d6 dai 3 m st dung giao thoa ké laser
(hinh 1), nhém nghién ctru dd dwa ra cu tao hé thong thiét
bi hiéu chuan/kiém dinh thudc vach, thuée cudn c6 pham vi
do dén 30 m. Hé thong gom: giao thoa ké laser (ngudn laser
He-Ne 6n dinh tan s6 bang I-6t, hé guong do tuyén tinh); hé

thdng co khi gdm c6: bang may 32 m c6 pham vi lam viéc

Bang may 32 m

dén 30 m, cum ban dich chuyén, cc cum dd ga thudce cudn,
thudc vach; camera; thiét bi do nhiét do vat liéu va thong )
mdi truong (nhiét o, d6 4m, ap suét khi quyén). Cac thiét
bi dugc két ndi véi may tinh va giri dit liéu vé& phan mém do
va xtr 1y s6 liéu. So dd khéi cia hé thong dugc thé hién nhu

hinh 4. Hé thong sir dung giao thoa ké laser ¢6 so dd quang

Hinh 4. So db khdi ctuia hé thdng. A: nguén laser He-Ne; B: gwong tach tia; C: gwong phan xa; D: camera; E: cum ban dich chuyén; F: thudc va

cac cum dd ga thwdc; G: may tinh.
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Hinh 5. So d6 quang hoc cuda hé théng.

hoc nhu hinh 5 véi chum tia t6i xuat phat tir ngudn laser
He-Ne di qua hé guong do tuyén tinh va tia do s& di vé dau
thu tin hiéu. Qua bd xtr 1y tin hiéu, phéin mém do hién thi ra
quang duong dich chuyén ciia gwong phan xa di dong hay
chinh 14 khoang cach do duoc. Viée st dung giao thoa ké
laser hoan toan c6 thé do dwoc cac khoang cach 16n, nhung
can phai c6 mot hé biang may c6 pham vi lam viéc 16n va
dam bao do thang, dé khi gwong phan xa chay trén toan b
chiéu dai biang van dam bao duong truyén tia laser tot. Nhu
vay, h¢ bang may duoc thiét ké, ché tao c6 pham vi lam viéc
dén 30 m s& hoan toan phu hop dé ga lap cac loai thudc cudn
dén hang chuc mét va c6 thé dén 100 m.

2.2. Thiét ké co khi
2.2.1. Bang may 32 m

Trong qua trinh nghién ctru cac bang may cua cac hé
thong chuén, tuy cic sai s& Abbe, sai s6 cosin dugc xac
dinh trong qua trinh thuc nghiém, nhung khi thiét ké ray dan
hudng, cic nha nghién ctru déu tuan theo nguyén 1y Abbe va
tinh dén viéc 1am sao dé do khong thing cua ray dan hudéng
phai cang nho cang t6t. Qua trinh nghién ciru cho thiy, viéc
lwa chon ray dan hudng cho bang may 14 rit quan trong. Ddi
v6i cac thiét bi hay d6 ga duoc lip dat 1én bang may khong
gdy ra tai trong 16n, viéc chon ray din huéng can dam bao
d6 6n dinh lau dai. Hé thong chuan 50 m caa DSS va KRISS
déu sir dung ray din hudng tron. Vi hé thong cua DSS,
duong kinh truc tron 1a 40 mm [4] trong khi hé théng cua
KRISS 14 60 mm [5]. Viéc lwa chon ray dan huéng c6 dudng
kinh 16n s& dam bao duoc d6 on dinh 1au hon. Tuy nhién,
viée sir dung cac ray dan hudng tron cé chiéu dai 16n s& co
nhuge diém 1a d& bi vong va cong theo thoi gian gy anh
huéng tryc tiép dén do thing cua ray. Do d6, nhom nghién
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ctru da lwa chon ray din hudng tron c6 dé nhu ¢ wu diém
1a do vang it hon so v6i ray dan hudng tron c¢é cung duong
kinh. Ray din hudng tron c6 dé két hop voi cum 6 truot bi
khuyét s€ tao nén mot hé théng dan hudng c6 do chinh xac
cao, v6i kha ning chiu tai 16n, kha ning chuyén dong tron
tru, linh hoat v&i lyc ma sat tao ra khong dang ké. Hon nira,
ray dan huéng tron c6 dé duoc ma mot 16p crom bén ngoai
s& tao ra kha nang chong mai mon hiéu qua. Mic du ray dan
huéng tron ¢6 dé c6 nhitng wu diém, nhung vé kich thuéc,
loai ray nay cling phai dugc Iya chon phu hgp vdi kinh phi
dau tu, ma van dam bao yéu cau ky thuat. Do do, nhém
nghién ctru lya chon ray dan hudng tron c6 dé véi cac dic
tinh k¥ thuat theo bang 1 va hinh 6.

Bang 1. Dac trwng ky thuat cta ray dan hwéng tron cé dé.

STT Pic trung ky thuat

1 Puong kinh: 40 mm

2 Do cirng: HRC58+2

3 Do thang: <0,005 mm/100 mm
4 Vat li¢u: thép, ma crom

Hinh 6. Ray din hwéng tron cé dé va cum 6 trwot bi.
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Trén thi trudng, mot thanh ray dan hudng tron co dé co
chiéu dai 4 m. Nhu vay, st dung 4 thanh ray sé& tao nén mo

Bing may c6 cau tao gdom 2 ray dan hudng (chi tiét sb
7) ¢6 chidu dai 32 m, di pham vi lam viéc dén 30 m khi lip

dun 8 m. Céc thanh ray dugc d& boi cic tim d& ray tinh
chinh (kich thudc 500x120x20 mm) c¢6 thé diéu chinh do
thang va do song song cta ray din hudng trong qua trinh

cum ban dich chuyén; 32 tAm d& ray tinh chinh véi 1 tam
dd & dau ray dan huéng, cac tam d& con lai duoce bd tri cach

) ) s ! déu nhau 1012 mm doc theo chiéu dai ray dan hudng; hai
lap dat, tam d0 ray duogc thiét ké nhu hinh 7 va dugc ché tao

! ray thép hop d& cac tdm dd ray tinh chinh c¢6 chiéu dai 32,5
bang vat liéu thép CT3.

m dé c6 thé ga dat ngudn laser va dd ga 1én ban ga (chi tiét
sO 4). Trén toan bd chidu dai bang may s& c¢6 17 cum try
dtng chan dd duoc bd tri cach déu nhau 2024 mm va duoc
lién két v6i nhau bang cac thanh lién két trén va dudi. Hon
nita, mdi cum try ding chan d& s& duogc lién két v&i mot
bé bé tong bang mdi ghép bu 1ong dai dc, dam bao su chic
chin va d¢ cing vimng ciia bing may. Do biang may dai nén
trong qua trinh l3p dat, nhom nghién ciru sir dung méy can
bang laser, dong ho ra dé chinh tho va ni vo dién tir dé chinh
tinh do thiang cua ray dan hudng, dam bao cho dau thu tin
hiéu laser phai thu dwoc tdi thiéu 70% tia laser dé xu ly dir

liéu do. Puong kinh tia laser 1a 6 mm, d¢ 1éch tia laser 1on

nhét trong pham vi lam viéc cua bang may 1a 1,8 mm. Dé

dam bdo cho d6 thing cua tia laser va gidm thiéu cac sai s

Hinh 7. TAm d& ray tinh chinh.

N4
=====‘!!!f!!!!!!!!f!!!!!!!!!!!!!!!!!!!!!!f?

— - —
A /
5

;)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
N
/
3

865

2024
32500
4 5 6 Zj\

P — —1 —1I
= [ ) — \}
= f—
w [am] | — ————— —

1580 1012
32000

Hinh 8. C4u tao Biang may 32 m. 1: cum tru dirng chan d&; 2: thanh lién két trén; 3: thép hop; 4: ban ga; 5: tdm d& ray tinh chinh; 6: thanh lién
két dwoi; 7: thanh ray trwot tron cé dé.
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cosin, sai sd Abbe lay hé sb an toan 14 3 thi yéu cau k§ thuat
vé d6 thing cua ray din hudng sau khi cin chinh phai dat
A<0,6 mm. Ciu tao cta bang may 32 m duogc thé hién trén
hinh 8.

2.2.2. Cum ban dich chuyén

Cum ban dich chuyén la mot b phan trong hé théng, co
chtre ning thyc hién dich chuyén tho trén ray dan huéng ciia
bing méy va thuc hién dich chuyén tinh dé dua guong phan
xa, camera dén dang vi tri can do trén thudc cudn/thude
vach. Bé dap tmg chtrc ning nay, khi nghién ctru thiét ké
cum ban dich chuyén phai dap tmg cac yéu cau ky thuat sau:

- Dich chuyén tho trén toan by pham vi lam viéc cua

bang may.

- Pham vi dich chuyén tinh hai truc x, y: 120 mm (pham
vi nay dugc Iya chon phu hop, do trong qua trinh do sau khi
dich chuyén tho cum ban dich chuyén can tién hanh diéu
chinh tinh vi tri cia gwong phan xa va camera dén dung vi
tri can do, nén trong luc diéu chinh tinh s& c6 mot khoang
thoi gian cho tia laser va méi truong do xung quanh on
dinh).

Hinh 9. Cum ban dich chuyén. 1: ban may; 2: cum dich chuyén; 3:
cum 0 trwot bi.

Qua nghién ctru, cum ban dich chuyén duoc thiét ké phu
hop v6i ray dan hudng cta biang may 32 m, c6 ciu tao nhu
hinh 9. Cum dich chuyén thuc hién dich chuyén tinh theo 2
truc X, y, ¢6 pham vi dich chuyén dén 120 mm va dung dé

ga dat cum d0 ga giit camera.
2.2.3. Hé théng do gd thuoc cuon, thuoc vach
Hé théng dd ga thudc cudn, thude vach thuc hién chuc

nang kep giit dau thudce, d than thude, didu chinh do cao
va do thang thudc, kéo cing thude bang viée treo qua cén.
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Ngoai ra, ddi vé6i thude cudn co pham vi do 16n hon 30 m,
can c6 mot cum do ga cudn doan day thudc 30 m dé c6 thé
tién hanh do céc vi tri do 16n hon 30 m. Nhu vay, hé théng
dd ga thude cudn, thudc vach sé bao gém cac bd phan sau:

Cum do gd chinh can bang thuée: Puge ga dit doc theo
chiéu dai Biang may, d& cac thanh dan hudng va diéu chinh
ting vi tri cta thude 1én ding khoang iy nét cia camera.
Cum db ga chinh can bﬁ“mg thude duge thiét ké c¢6 ciu tao
nhu hinh 10, v6i pham vi dich chuyén theo phuong thang
dimg 40 mm.

Hinh 10. Cum dé ga chinh can bang thwérc.

Thanh déan hwéng c6 con lan: Puge st dung dé dd thude
cudn, thude vach tranh hién twong day thudce bi vong, trung.
Céc thanh dan huéng duoc dit gilta cac cum dd ga chinh
can bang thudc, v6i pham vi do dén 30 m s& can ga dit 31
thanh dan huéng 1 m c¢6 c4u tao nhu hinh 11.

Hinh 11. Thanh dan hwéng cé con lan.
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Cum do ga kep va giir thuoe: Thyc hién cong viée
kep dau thude va gitt chéc vi tri dau cua thude, hodc vi tri
bat ky trén thudce cudn khi thude cudn cd pham vi do 16n
hon 30 m. Véi hai loai thuéc cudn thuong va thude cudn
qua doi dugc sir dung phd bién trén thi truong, nhém nghién
ctru dua ra thiét ké cum dd ga kep va giit thude dung cho

thudc cudn thuong nhu hinh 12 va dé kep qua doi nhur hinh
13, dugc ché tao bing thép CT3.

Hinh 12. Cum d4 ga dung cho thwéc cudn thwong.

Hinh 13. Bé kep qua doi.

Cum do gd treo qud cdn: Pugc st dung dé thuc hién treo
qua can kéo cang thudc cudn, thuc hién diéu chinh d¢ cao
ctia thudc cudn theo phuong thang ding va do thiang thudc
theo phuong doc theo chiéu dai bang may. Cum dd ga treo
qua can dugc thiét ké dap tmg yéu cau treo qua can 10 kg va
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thyc hién dich chuyén 40 mm theo phwong thang dung, 40
mm theo phuong ngang. Ciu tao chi tiét cia cum db ga treo
qué can duoc thé hién nhu hinh 14,

$6  |Tén chi tiét

1 Khung nhoém dinh hinh
2 B0 banh xe

3 Ban

4 |Thén chinh

5 True 1

6 Thanh ren

7 Tay xoay

8 Tryc xoay

9  |Tim trung gian 1
10 |Chét treo

11 |Conlan1

12 |Chi tiét d& Puly
13 |Puly

14  |Truc 2

15 |Tam chin 1

16 |Truc3

17  |Tmue ren dich chuyén ngang
18 | Thanh ndi

19  |T4m trung gian 2
20 |Conlan2

21 |Conlin 3

22 |Tém chin2

Hinh 14. Cum db ga treo qua can.

Cum d6 gd cuén thude: Thyce hién cong viée cudn thude
cudn trong truong hop thudc cudn cd pham vi do 16n hon
30 m. Cum dd ga cudn thude co vi tri kep dau thude cudn
thuong va vi tri kep qua doi cua thudc cudn qua doi. Day
thudc cudn s& duge cudn quanh cac chét try trén dia quay
quanh tdm nhu hinh 15.

Hinh 15. Cum dé ga cuén thwéec.
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Hinh 16. Hé théng thiét bi hiéu chudn/kiém dinh thwéc cudn, thwéc vach.

Hé théng chuéan duoc tich hop céac thiét bi do va cac bod
phan co khi nhu hinh 16 ¢6 pham vi do dén 30 m, dap tmg
yéu cau hiéu chuan/kiém dinh thude vach, thude cudn co
pham vi do lon.

3. Két luan

Duya trén qué trinh nghién ctru cac hé thong chuan sir
dung giao thoa ké laser trong hiéu chuan cac phuong tién
do d6 dai 16n nhu thude cudn, thudc vach, nhom thuc hién
da nghién ctu dua ra cAu tao, hoan thién thiét ké co khi
ctia hé thong (hinh 16). Hé thong chuan c6 pham vi do dén
30 m st dung giao thoa ké laser dwoc dan xuét tryc tiép tir
chuan dau qudc gia - mot trong nhing chuan c6 do 6n dinh
va d tin cdy hang dau hién nay trong do luong d6 dai. Do
d6, viéc hiéu chuan/kiém dinh thude cudn, thude vach trén
Hé théng chuén nay sé khéc phuc dugc nhiing han ché cua
phuong phap do truyén thong, gitip nang cao do chinh xéac
ctia phép do. Pdng thoi hé théng chuén ciing dong vai trd
quan trong trong viéc dam bao tinh dan xudt chuén tir chudn
qudc gia toi cac phuong tién do d6 dai 16n nhu thude cudn,
thudc vach, thiét bi do khoang cach bang laser. .. Qua do thé
hién tinh chu dong nghién ctru thiét ké, ché tao trong nudc,
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ddng nghia vai viéc 1am chi cong nghé, tang tinh linh hoat
trong van hanh va bao tri, bao dudng, gop phan tiét kiém chi
phi du tu so véi cac giai phap nhap khau hé thong chuin
tor nudc ngoai.

TAI LIEU THAM KHAO

[1] General Department of Standards, Metrology and Quality
(2009), DLVN 36:2009, Measuring Tapes - Verification Procedure (in
Vietnamese).

[2] General Department of Standards, Metrology and Quality
(2015), DLVN 283:2015, Standard Scales - Calibration Procedure (in

Vietnamese).

[3] General Department of Standards, Metrology and Quality
(2020), DLVN 266:2020, Standard Measuring Tapes - Calibration
Procedure (in Vietnamese).

[4] W. Chinchusak, V. Tipsuwanporn (2018), “Investigation of
yaw errors in measuring tape calibration system”, Measurement, 125,
pp.142-150, DOI: 10.1016/j.measurement.2018.04.053.

[S]1J.W. Kim, D.Y. Jeong, H.S. Suh, et al. (2008), “A 50 m laser
interferometer for automatic calibration of surveying tapes using
wireless communication”, Measurement Science and Technology,
19(1), pp.305-340, DOI: 10.1088/0957-0233/19/1/017003.

21



