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TCVN 7011-9:2013

L&i néi dau

TCVN 7011-9:2013 hoan toan twong duong voi ISO/TR 230-9:2005.

TCVN 7011-9:2013 do Ban k¥ thuat tiéu chudn quéc gia TCVN/TC 39 May cbng cu bién
soan, Téng cuc Tiéu chuan Do ludng Chét lwong dé nghi, B Khoa hoc va Céng nghé
cong bb.

B TCVN 7011 (ISO 230) Qui téc kiém may cong cu bao gém cac phén sau:

- TCVN 7011-1:2007 (ISO 230-1:1996) Phén 1: B chinh xéc hinh hoc cua méy khi
van hanh trong diéu kién khong téi hodc gia céng tinh;

- TCVN 7011-2:2007 (ISO 230-2:1997) Phén 2: Xac dinh dé chinh xac va kha ndng
Iap lai dinh vi cua truc diéu khién sé;

- TCVN 7011-3:2007 (ISO 230-3:2001) Phén 3: X4c dinh céc anh hudng nhiét;

- TCVN 7011-4:2013 (I1SO 230-4:2005) Phan 4: Kiém do tron cho may cong cy diéu
khién sb;

- TCVN 7011-5:2007 (ISO 230-5:2000) Phan 5: Xac dinh tiéng 6n do may phat ra;

- TCVN 7011-6:2007 (ISO 230-6:2002) Phan 6: Xac dinh do chinh xac djnh vi theo
céc duwong chéo khéi va duong chéo bé mat (Kiém sy dich chuyén theo duong
chéo);

- TCVN 7011-7:2013 (1SO 230-7:2006) Phéan 7: D chinh xac hinh hoc cda cac truc
tdm cda chuyén dong quay;

- TCVN 7011-8:2013 (ISO/TR 230-8:2010) Phan 8: Rung déng;

- TCVN 7011-9:2013 (ISO/TR 230-9:2005) Phan 9: Uéc lwong d khéng dam bao do
cho cac phép kiém may céng cu theo b TCVN 7011 (ISO 230), cbng thirc co ban.

B6 1SO 230 Qui tdc kiém may céng cu con cb cac phan sau:

- 1SO 230-10:2011 Part 10: Determination of the measuring performance of probing

systems of numerically controlled machine tools;

- ISOWD TR 230-11 Part 11: Measuring instruments and their application to
machine tool geometlry.



TIEU CHUAN QUOC GIA TCVN 7011-9:2013

Qui tac kiém may céng cu —

Phan 9: Uéc lwong dd khong dam bao do cho cac phép kiém may
cong cu theo bo TCVN 7011 (ISO 230), cong thirc co’ ban

Test code for machine tools -

Part 9: Estimation of measurement uncertainty for machine tool tests according to series
ISO 230, basic equations

1 Pham vi ap dung

Tiéu chudn nay cung cép thang tin vé& wéc lvgng cb thé cé clia dd khéng d&m bao do cho céc phép do
theo TCVN 7011 (1SO 230).

Céac phuong phap dwoc mé ta trong tiéu chudn nay hwéng cho st dung thire té; do d6, cac dd khdng
dam bao chudn cht yéu duoc danh gia bang kiéu danh gia B (xem Diéu 4 va GUM).

C6 thé st dung cac phurong phap khac tuan theo GUM.

2 Tai liéu vién dan

Céc tai liéu vién dan sau la can thiét cho viéc ap dung tiéu chuén nay. Déi véi cac tai ligu vién dan ghi
ndm cdng b thi ap dung ban dwgc néu. Béi voi cac tai lidu vién din khdng ghi ndm cdng b thi 4p
dung phién ban méi nhat, bao gdm ca cac stra ddi (néu co).

TCVN 7011-2 (ISO 230-2) Qui tdc kiém may céng cu - Phan 2: X4c dinh dé chinh xéc va kha nang Iap
lai dinh vi cua truc diéu khién sé;

ISO/TR 16015:2003 Geometrical product specifications (GPS) — Systematic errors and contributions
to measurement uncertainty of length measurement due to thermal influences (Yéu cau déc tinh hinh
hoc cta san phdm (GPS) — Sai s6 hé théng va céc thanh phan cla dé khéng dam béo do cba phép do
chiéu dai do céc anh hudng cua nhiét);

ISO/TS 14253-2 Geometrical product specifications (GPS) — Inspection by measurement of
workpieces and measuring equipment — Part 2: Guide to the estimation of uncertainty in GPS
measurement, in calibration of measuring equipment and in product verification (Yéu céu déc tinh hinh
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hoc ctia sén phdm — Kiém tra bing phép do chi tiét gia cong va thiét bj do — Phén 2: Huong dan dé uoc
lwong d6 khéng dam béo trong phép do GPS, trong viéc hiéu chuén thiét bj do va kiém dinh san pham);

Guide to the expression of uncertainty in measurement, (GUM). BIPM, IEC, IFCC, ISO, IUPAC, IUPAP,
OIML, 1st edition, 1993, corrected and reprinted in 1995 (Huéng dan thé hién dé khéng dam bao trong
phép do (GUM). BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML xuét ban 14n 1 ndm 1993, duwgc hiéu
chinh va in lai ndm 1995).

3 Thuét ngi¥, dinh nghia va ky hiéu

Tiéu chudn nay ap dung cac thuat nglr va dinh nghfa trong TCVN 7011-2 (ISO 230-2) va GUM.

4 Uéc lwong do khong dam bao do U
Uéc lvong dd khdng dam bao do, U, theo GUM, ISO/TS 14253-2 va ISO/TR 16015.

Cac thanh phan riéng |é ctia d§ khong dam bdo do phai dwgc nhan biét va thé hién nhw 1a cac do
khdéng dam bao chuan, u;.

D6 khdng dam bao chudn két hop, u., dugc tinh theo cong thirc (1):

u, = Ju, + Y u; (1)
Trong dé:

U la d6 khong dam bao chuén két hop, tinh bang micrémét (um);

u, la tdng cla cac thanh phan twong hd ting manh, xem céng thire (2), tinh bang micromét
(Hm);

u; 1a do khong dam bao chuan cia thanh phan khdng tvong hd thi i, tinh bang micromét (um);
u, = Zu,,. (2)

Trong d6 u; 1a d khéng d&m bao chuén cla cac thanh phan twong hd ting manh, tinh bang micrémét
(Hm).

Do khéng dam bao do U dugc tinh theo cdng thirc (3), trong d6 hé s bao phul k dugc ldy bang 2.
U=ku, (3)
Trong dé:
U la dd khdng dam bao do, tinh bdng micrémét (um);
k lahé sé bao phu, k=2
u. 1a d6 khéng dam bao chudn két hop, tinh bang micrémét (um);

D6 khong dam bao chudn v, nhan dugc béng cach phan tich théng ké di liéu thwe nghiém (kiéu danh
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TCVN 7011-9:2013
gia A) hoac bang cac phwong phap khac, nhw gia dinh khoa hoc, gia dinh theo kinh nghiém va gia dinh
theo sy hiéu biét (kiéu danh gia B).

Néu uéc lvgng dwa ra mdt dai co thé +a hoac (a* - a’) clia mot thanh phan, khi d6 dé khéng dam bao

chuén u, dugc tinh theo cong thirc (4), gia thiét phan bd chi nhat.

a —-a
U =——
243

(4)

i

Trong dé:
u, la o kndng dam bao chuan;
a’ la gioi han trén cla phan bd chi¥ nhat;

a’ la gi¢i han duéi clia phan bé chir nhat.

5 Uéc lwong dd khéng dam bao cla cac thong so, cac cong thirc co ban

Trong Diéu 4, st dung phrong phap hdp den cho wéc lwong do khdng dam bao. Déi véi cac théng sb
dugec tinh toan tir cac phép do riéng biét, tr cac gia tri trung binh, tir cac bdi sb clia sai léch chuan,
valhodc tbng clia chung, wéc lvgng do khong dam bao nhan duoc bing cach s& dung phwong phap
hdp trong subt. D6 chinh xac dinh vi, kha nang 1&p lai va gia trj dao chiéu 1a cac thong sé nhw vay. Co
thé dwoc viét mot cach tbng quat la:

Y = f(X) (5)
Trong doé:

Y la théng sb (nhw kha nang I3p lai, gia tri d&o chiéu, d chinh xac dinh vi);

X. la gia tri do thev i.

Khi d6 dd khdng dam béo chuén két hop u. dwoc tinh theo cong thirc (6):

[, <, .
u = v-u, + Z(ﬁ'u"") (6)

Trong doé:
U, la dd khéng dam béo chuan két hop;
u, la tdng clia cac thanh phén twong hé ting manh, xem cdng thic (7);

ux la do khéng dam bao chuén clia thanh phén khéng twong hé thir i.
oY
H, = Zzi'-.u’” (7)

Trong d6 uy la 6 khéng dam bao chuén cta thanh phan twong hd tang manh thir j.



TCVN 7011-9:2013
Phu luc A

(Tham kh&o)

Do khéng dam bao do cua gia tri trung binh

A.1 Quy dinh chung
Gia tri trung binh dwoc dinh nghia bdi

x=1%x, (A1)
L

2
Trong dé:
X lagia tri trung binh;
X lagia tri do thiv i;
n lasélan do.

Néu gia tri trung binh dwoc tinh tir cac gia tri do x;, cé G khdng dam bao do uy, khi do gia tri trung binh
cling c6 mdt 3¢ khdéng dam bao.

A.2 Tinh toan dé khéng dam bao do cua gia tri trung binh, u(x)

A.2.1 Tbéng quan

D khéng dam bao do cua gia tri trung binh 1(x) phu thudc vao méi twong hd gira cac dd khéng dam
bao cla céac dai lwgng do riéng 1€ uy.

A.2.2 Db khdng dam bio cua gia tri trung binh u(¥) dbi v&i dé khéng dam bao twong hd ting
manh ux;

Néu cac do khdng da&m bao clia cac dai lvgng do don uy 1 twong hd tang manh, cac anh hudng cla
chiing déi véi dd khong dam bdo cla gia tri trung binh u(¥) duwoc ldy tbng don gian, theo cong thirc
(7).

CHU THICH: Mét sw chinh thing sai c6 thé cé cla mét thiét bi do khong thay ddi mot loat cac phép do. Khi dé
thanh phin dd khéng dam bao nay khéng thay déi gitra cac gia tri do I3p lai, va dwgc coi nhw twong hd ting
manh.

Néu ap dung cac cong thire (6) va (7) vao cdng thirc (A.1) cho céc thanh phan twong hd tang manh, két
quala

u(x) = Zg.u” (A.2)
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Trong dé:
u(¥) la dd khéng dam bao cua gia tri trung binh cho cac thanh phén twong hd ting manh;
X la gia tri trung binh;
X, lagiatri do don;
u, lathanh phan dd khéng dam bao do twong hd tding manh cho gia tri do the j.

Sai léch tirzng phén clia gia tri trung binh X so véi gia tri do don x; tinh theo cdng thirc sau:

ox 1
L LI A3
a&, n G
Gia thiét ring d khong dam bao do déi voi gia tri do don khang thay ddi, nghia 1a:
Ugr = Ugp = ... = Uy = Uy (A.4)

Thay (A.3) va (A.4) vao (A.2), duoc két qua:

_—
U(X) ==y + =+,
n n n

u(x)= l.u‘_.n (A.5)
n

u(x)=u,
Trong @6:

u(X) 1a d6 khdng dam bao clia gia tri trung binh cho cac thanh phén twong hé ting manh;
u, la thanh phan do khdng dam bao do twong ho ting manh cho céc gia tri do.

Cong thire (A.5) cho ta thdy rdng dd khéng dam bao cla gia tri trung binh u(X)l1a 46 khéng dam
béo cua gia tri do u,, néu cac thanh phan do khéng dam bdo la twong hd tang manh.

A.2.3 Do khdng dam bao cua gia tri trung binh u(x) déi véi dd khéng dam bao khéng twong
hé u,

Néu cac o khdng dam bao cla cac dai lugng do riéng 1é u, khdng twong hd, can béc hai cla tong
binh phwong dwoc ap dung theo cong thie (6), véi u, = 0.

CHU THICH: Anh huéng cua sai sé bién ddi nhiét méi treong, ETVE, thudng sé thay ddi tr gia tri do nay sang
gia tri do khac. Do d6, anh hudng nay dwoc xem Ia khéng teong hd.

Néu ap dung cdng thirc (6) vao cdng thirc (A.1) cho cac thanh phan khéng twong hd, dugc két qua la:
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u(%) = JZ(Z—:} i (A6)
Trong d6:

u(¥) la 46 khong dam bao clia gié tri trung binh cho cac thanh phan khong tuong hd;

X la gia tri trung binh;

x; lagiatri do don;

us  lathanh phin d khdng dam bao do khdng tong hé cho gid tri do thi i.

Thay (A.3) va (A.4) vao (A.6), duoc két qua:

u(x) = \I(%J‘ + [%ﬁ), +ot [E";" )2

u(x)=u,. (-I—Wn (A7)

1

u(X)=—=u,

S

D6 khdng dam bao do ca gia trj trung binh gidm % néu n la sé 14n do 13p lai, va néu cac dd khdng
n

dam bao clia cac 1an do 13p lai 1a khdng twong hd.
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Phu luc B

(Tham khao)

Do khong dam bao do cla wéc lweng sai léch chuén s

B.1 Quy dinh chung

Uéc lwong sai léch chudn duoc dinh nghta bdi:

s= |3 (x,-7f (B.1)
ln—173
Trong dé:
s la wéc lwong sai léch chuén;
X la gia tri trung binh nhw dinh nghta trong céng thirc (A.1);
x, 1a gia tri trung binh thi i;
n la sb 1an do.
Néu woc lwong sai léch chudn dwoc tinh toan tr cac gia tri do x, c6 do khong dam bao do uy;, khi dé

wére lwong ciing cé mot do khéng dam béo. Do do, bét ky thong sb nao duoc dinh nghia nhw mét ham
sb cla s thé hién mot dé khéng dadm bao do.

B.1.1 Tinh toan dé khéng dam bao do clia wée lweng sai léch chuan u(s)

Céac thanh phan clia d6 khéng d&m bao do 1a khdng twong hd, hay noi cach khac sé khong cé sai léch
chuén trong céc phép do lap lai.

Gia thiét rang do khong dam bao do ddi véi gia tri do don khéng thay dbi, nghia la:
Ut S U = ... = Ugy = Uy (B.2)

Thay cdng thirc (6) voi u, = 0 va cdng thirc (B.2) vao cong thire (B.1) duoc két qua sau:

(&)Y
u(s)=\;z{&—] u,

(&Y (B, (&) 0s
aoen 2] (2] (2]

Céc sai léch tirng phan clia s dwoc tinh nhw sau, gia thiét s#0,
& 11 1

& 2's n-1

[2.(:«. “D-D 20 - DD ok 205, - DU |
n n n !
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&‘ll[_x.k'xzf x ¥l
—=— X-X-St+ -2 Tmg D
.5 n—=1{ 7 n n n n n n_I
& 11 - X 1 _
— = | { =Xt —=( X bt x) |
o, s n-1_ n on 1]
& 11 [ - 1
— == =X +X——) X,
o, s n-l_ n J
a1
—=——(x-X
&, s —([ )
a1

=——Ax, =X
&, s n- EER
o 1 =
dx_',,-_s n—-]{x" )

5 s2 (n-1)?
(B.4)
2

g _1 1 .

[ér,] P

Thay (B.4) va (B.1) vao (B.2) duoc:
1 1 _ o 2
Mﬂ:u“\;s_:'m'[(x'-t)— .(xz—x)‘+...+(x,,—x)']

(B.5)

u(s)=u, -1—
V-1

gia thiét s# 0.

D6 khdng dam bao do clia wéc lwong sai léch chudn u(s) la d6 khéng dam bao clia gia tri do don nhan

voi \i% , néu n la sb 14n do I3p lai va s# 0.

n-—
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PhulucC

(Tham khao)

Uéc lwong dd khéng dam bao do cho phép do dinh vi tuyén tinh
theo TCVN 7011-2 (ISO 230-2)

C.1 Gioi thiéu chung
Phu luc nay trinh bay wéc lwong cb thé cb clia @6 khdng d&m bdo do clia cac thong sé duoc danh gia
theo TCVN 7011-2 (ISO 230-2).

Cac cdng thire trong Phu luc nay dugc stir dung cho Phuy lyc cia TCVN 7011-2 (ISO 230-2), trong do
bao gbm cac cong thirc don gidn va cac bang dé doc va dé sl dung cho viéc wéc luong do khdng
dam béo do cho céc diéu kién va cac rng dung cdng nghiép.

C.2 Cac thanh phin cuia do khong dam bao do
C.2.1 Quy dinh chung
Céc thanh phan chinh clia 9 khéng dam béo do cho cac phép do dinh vi tuyén tinh la:

- D& khéng dam bao cla viéc hiéu chuén thiét bj do, nghia la clia giao thoa ké laze hodc thang do
tuyén tinh,

- Sy chinh théng cla thiét bi do so véi truc may th,
- Sy bu nhiét dé may céng cy néu do & nhiét do khac 20 °C,

- Sai sb bién ddi méi treong (EVE hodc do trdi) trong thdi gian do, vi du nhw anh huwdng cla thay
dbi nhiét do va thay déi mat do khang khi téi thiét bj do va/hodc may cong cy kiém, va

- Kha nang lap lai clia viéc |ap dét thiét bj do.
V6i cac gia thiét sau:
- Thiét bi do dwoc s dung theo ding hwéng dan clia nha san xuat/nha cung cép thiét bi,

- T4t ca cac lwong bl can thiét (vi du cac gia tri hiéu chudn, bu cho cac anh hudng clia nhigt d3)
cho thiét bj do va may cdng cu dugc thir,

- Tt ca cac cam bién bd sung (vi du cho nhiét dd may) duoc I&p phu hop,
- Thiét bi do dwoc lap dat clirng virng dong va tinh va khong co bt ky khe hé nao, va
- Céac bd phan may git thiét bi do van hanh nhw cac than cieng.

Néu cac gia thiét nay khong dugc thda méan, cac thanh phan bd sung cho d6 khéng dam bao do phai
dwgc dwa vao trong tinh toan.

Cc.2.2 Dé khéﬂg dam bao do thlét bi dO, UrHiET BY
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Thiét bi do phai duoc hiéu chuln. D6 khéng dam bao cua viéc hiéu chuan Uigu cHuan Phéi duoc dua ra
trong chirng nhan higu chuén va dugc st dung dé tinh unyer g theo cdng thire (C.1). Déi véi giao thoa
ké laze, gia thiét sai sé dwdng dan bét dong béng 0.

Urrier 81= Unigu crudn 1K (C.1)
Trong doé:
Unuerg 1a do khong ddm bao chudn do thiét bi do, tinh bing micrémét (um);

Usyew cruan 18 @0 khong dam bao clia viéc hiéu chudn theo ching nhan hiéu chuan, tinh bang
micréomet (um);

k 1a hé sé bao phl cho Uwey cHuan theo chirng nhan hiéu chuén.

Théng thwdng, 6 khdng dadm bao cla viéc hiéu chinh dwoc cho bing micrémét trén mét (um/m) hodc
phan triéu (ppm). Trong cac trudng hep dé do khéng dam bao cua thiét bi dugc tinh theo cong thire
(C.2):

Urrier 8)= Unieu cHuAn-L 1K (C.2)

Trong doé:
Uniers 1& G6 khéng d@a&m bao chudn do thiét bj do, tinh bing micrémét (um);

Unigu cvuAw 13 0 khdng dam bdo clia viéc hiéu chudn theo chirng nhan hiéu chudn, tinh béng
micromét trén mét (um/m) hoac phéan triéu (ppm);

L la chiéu dai do, tinh bing mét;
k 1a hé sb bao phi cho upey cHuan theo chirng nhéan hiéu chuln.
Néu khdng cé chirng chi hiéu chudn, can l4y theo di¥ liéu dwoc dwa ra bdi nha ché tao thiét bi.

Péi voi giao thoa ké laze, dd chinh xac dwoc cho bdi nha ché tao, vi dy bing mét gia tri d6 khong dam
bado hodc bing médt gia tri phén triéu (ppm), phu thudc vao kiéu bu cla cac théng sé khong khi va dai
nhiét d6 clia moi trvdrng trong @6 thiét bj dwoc str dung. Thanh phan khac 1a d6 &n dinh chidu dai budc
séng, vi du dwoc cho bang gia tri 6 khéng dam bao hoc gié tri phan triéu (ppm) khac. Cac gia tri ppm
nay phai droc nhan véi chidu dai do & nhan dwgc khoang sai léch c6 thé. Khodng nay c6 thé duoc
sl dung Gé tinh 46 khong d&m bao chudn urer 8, uoc Lwone theo cdng thire (1) va (4). Gia thiét sai sé
dwdng dan bat dong béng 0.

D6 chinh xac cong bd cia nha ché tao thiét bi trén co s& cac gia thiét lién quan dén mai treong. Déi
v&i cac giao thoa ké laze, cac thay ddi nhanh cla nhiét do khong khi, vi dy do didu hoa khang khi, 1a
vén dé kho giai quyét, do cac cam bién nhigt do thuong khong theo kip cac thay déi nhanh, trong khi
d6 tac dong vé chiéu dai bwéc séng thi khdng c6 bét ky do tré nao. Mat khac, mdt cam bién nhiét do co
thé phan hdi véi cac thay ddi con chum laze thi c6 thd khéng, dac biét ndu cam bién nhiét do dat xa
chum laze. Néu cac diéu kién nhu vay bj nghi ngd, kiém tra thém @6 trdi (xem C.2.5) cho thiét bi la didu
can thiét @& véc lwong rang dnh huwdng bd sung v& @6 khdng dam bao do, né co thé dat t&i mét
khodng 2 um trén mot chiéu dai 1000 mm.
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Déi voi thang do tuyén tinh, dd chinh xac dwoc biét tredc, vi du, badng mét gia tri dd khéng dam bao
hoadc bing mét sai léch Ién nhét cho chidu dai cla thudc. Sai léch lén nhat dwoc ldy la mot khoang va
duoc chuyén sang do khong dadm bdo chudn uruer s, voc Luone theo cdng thire (4). Gia thiét rang dv
liéu ra clia thang do tuyén tinh dugc bl téi gia tri do & 20 °C. Néu lwong bu nay khong la mot phan cla
d6 khéng dam bao cdng bd, cac thanh phan bd sung phai duoc tinh toan cho dai lwgng do nhiét do va
hé sé gian né cla thwéc, nhw dugc mé ta trong C.2.4 vé bl nhiét d§ may.

Néu khong cé chirfng nhan hiéu chudn, d6 khéng dadm bdo do dd phan giai cha thiét bi do
UriieT 8, 00 PHAN Al Phai duoc wéce long theo cong thive (4) va (C.3). B khdong ddm bac nay do dd
phan giai phai dwoc cong vao dd khéng dam bao céng bd clia nha ché tao thiét bj theo céng thirc (1)
va (C.4).

-
UTHIET BI, DO PHAN GIAl = —7= C3
THIET Bl, DO PHAN GIAI 2-\/5 ( )
Trong do:
UrieT 8, po prAn aiAl 1@ @0 khong dam bao chuén do d6 phan gidi cua thiét bj do, tinh bing um;

r la dé phan gidi cGa thiét bj do, tinh bang um.

Urvgre = \[u;méra!.ucic LUONG = H;HIETB!,DO PHAN GIAI (C.4)

Trong doé:
Urwers 1a dd khdng dam bao chuén do thiét bi do, tinh bang um;

UriieT B, uoc Lwone 18 d6 khang dam bao chuan do thiét bj do theo cdng bé clia nha ché tao thiét
bi, tinh bang pm;

Urniet 8, popHAN GiAl 18 0O khdng dam bao chuén do d phan gidi clia thiét bi do, tinh bang pm.

C.2.3 D6 khdng dam bao do sw chinh thang sai thiét bi do so v&i truc may kiém, ucuivy sa

Vi giao thoa ké laze, chum laze phai song song véi truc may dwgc kiém. Sy chinh théng sai thwéong
chi quan sat dwoc bang sy thay ddi clia cwdng do chum phan xa lai. Nhiéu hé thdng cho phép thay déi
vé phia bén (xung quanh) Ién t&i +4 mm, né gay ra mét khoang chinh thdng sai Ién nhét 1a 4 mm. Sy
chinh thdng sai cia chum laze cling co thé thdy dwoc qua sy &n dinh vi tri cia chum phan xa. Béng
diéu chinh bang tay, c6 thé giam xudng téi = 1 mm, ¢ nghia la d§ song song nam trong khoang 1 mm.

Cac thang do tuyén tinh thuwérng dwoc trang bi cac bé mat chuan dé can chinh thwde. B§ chinh xac cla
céc bé mat chudn va dd chinh xac clia viéc can chinh xac dinh sy chinh thang sai l&n nhét.

Sw chinh thang sai 1a mét anh hwéng cép hai, theo cdng thirc (C.5)
ALCH|NH sal = L‘(1-cosy).1000 (CS)

Trong do:
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Alcuinisar 1a chénh léch gitra chiéu dai do va chiéu dai thye do chinh théng sai, tinh bang pm;

L la chiéu dai do, tinh bang mm;

7 1a géc chinh thdng sai, siny = lwong chinh thdng sai (mm)/L
Lwong chinh thdng sai ¢ thé khoang vai millimét, do d6 thanh phén nay cé thé 1a dang ké di véi cac
khoang cach ngan. Chénh léch gitra chiéu dai do va chiéu dai thyc A Lewins sa dwoe st dung dé tinh

d@ khéng dam bao chuén theo cﬁng thirc (4)‘ Uchine sal = A Lering san 12\[5

C.2.4 Do khdong dam bao do bi nhiét dd may cdng cu, Unner po

Néu cac phép do dwoc thie hién & nhiét do khac 20 °C, nhiét dé clia may cong cu (hoac chi tiét gia
cong) phai dwgc bu (xem 3.1 cia TCVN 7011-2 (ISO 230-2). Véi lwgng bl nay, cac d khong dam bao
duoc dua vao do dd khéng dam bdo clia phép do nhiét d va do dé khong dam bdo ctia hé sb gian né
clia may céng cu hoac cla chi tiét gia céng.

Anh hwéng quan trong nhét vé do khéng dam bdo cla phép do nhiét do la diém tai d6 thue hién cac
phép do nhiét 8, nghia la cau hdi cac nhiét dd dwoc do cé dai dién (dién hinh) cho may céng cu (hodc
chi tiét gia cdng) hay khéng. Can chu y dén cac vi tri clia cac cdm bién nhiét 66 va phai ghi vao trong
bao céo kiém.
Céac cam bién nhiét dd phai dwoc hiéu chuan. Chirng nhan higu chudn phai néi ré dd khong dam bao
clia viéc hiéu chuén va hé sé bao phu.
Néu st dung cac cadm bién khéng dwoc hiéu chuén, can phai theo cong bd clia nha ché tao thiét bj. Do
khdng dam béo clia phép do nhiét d6 u(® ) duoc cho bdi nha ché tao thiét bi, vi du bdi mét dd khéng
dam béo chuén cla thiét bj, day la phwong phap wa dung hon, hodic bdi mét sai Iéch 16n nhét. Sai léch
Ién nhét dwoc 1y la mét khodng va duoc chuyén sang d6 khong dam bao chuén theo cong thirc (4).
B9 khong dam bao do phép do nhiét dd uy dwoc tinh theo cdng thirc (C.6).
Néu mét thiét bi co' khi, vi du mét thang do tuyén tinh dwoc st dung dé& do chiéu dai va dwoc bd tri trén
ban may, thiét bi do nhan nhiét do cla ban may. Trong trwdng hep ndy, chi sy chénh léch nhiét do
gitra thiét bji do va bd phén kep chi tiét gia cong clia may cong cu la lién quan dén do khdng dam bao
do phép do nhiét dd uy.

Unmmay cong ey = @.Lu( @) (C.6)
Trong dé:

Uynivcone ey |a d§ khéng dam bao do phép do nhiét d clia may cong cu, tinh béng um;

o lahé sb gidn né clia may cong cy, hodc clia truc dwgc kidm, tinh bing micrdmét trén milimét
dd Celsius (um/mm °C);

L la chidu dai do, tinh bang milimét (mm);
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u(®) la dd khéng dam bao cla thiét bi do nhiét 3 (46 khong dam bao chuén) va dé khang
dam bao do diém Go, hodic 3 khdng Gam bao do sy chénh léch nhiét do gitra thiét bi do (co khi)
va bd phan kep chi tiét gia cdng clia may céng cy, tinh béng d6 Celsius (°C).

Néu @6 khéng dam bdo cong bd d6i véi thiét bi do khong bao gom G khong dam bao cua phép do
nhiét do cua thiét bi, hodc néu thiét bi do khdng nhan nhiét ciia bd phan kep chi tiét cua may cong cu,
dd khéng dam bao do phép do nhiét 4§, uy rwier 3 dugc tinh toan béng cach sir dung cdng thirc (C.6),
bang cach thay do khong dam bao clia phép do nhiét do va hé sé gian né clia may cong cy (hodc chi
tiét gia cong) béing 6 khéng dam bao cla thiét bi do. Néu do khéng dam béo cdng bd Gdi voi thiét bi
do bao gdm @6 khdng dam bao cla phép do nhiét do clia thiét bi, hodc néu thiét bi do nhan nhiét cua
bd phan kep chi tiét gia cong clia may cdng cu, Uy et ) €6 thé dugc thiét 1ap bang 0.

D6 khong dam bdo cla hé sb gian nd u(a ) cla may cong cu hodc chi tiét gia cong co thé duoc uéc

lwong trong hau hét cac truong hop. Mét khodng nhd nhét bing 10 % gia tri danh nghfa cla « , nhung

khéng nhd hon 0,002 um/mm°C (= 2 um/m°C) duoc dé xuét. Khoang nay duoc chuyén theo cdng thirc
0,002

(4) sang sai léch chudn. Véi gia thiét nay, u(a )= 375— =0,0006 gon/ mm"C . B khdng dam bao do
hé s gian nd ug dwgc tinh theo cdng thire (C.7).
Uemavconacy = AT.Lu(@) (C.7)

Trong doé:
Ug iy cong ey |a @0 khdng dam bdo do hé sb gidn né nhiét clia may céng cy, tinh bang um;
AT 1a chénh I&ch so v&i 20 °C, tinh béng dd Celsius (°C), AT = T~-20°C;
T la nhiét d6 clia may cdng cu hodc chi tiét gia cong, tinh bang dé Celsius (°C);
L la chidu dai do, tinh bang milimét (mm);
u(a) 1add khdng dam bao cla hé sb gidn né clia may cong cu hoéc chi tiét gia cdng (46 khong
dam bao chuén), tinh bang micrémét trén milimét @ Celsius (um/mm °C).

Néu do khdng dam bao cdng bd cia thiét bj do khong bao gom dd khdng dam bao cua hé sé gidn n&
nhiét cua thiét bi, 6 khéng Gam bao do hé sb gian nd Ue rwer s Phai duoc tinh toan cho thiét bi do.
Ue trier 3 GUQC tinh bing cdng thire (C.7) bing cach thay nhiét d va do khong dam béo cla hé sb gian
nd clia may cdng cu (hodc chi tiét gia cong) bang do khong dam bao cua thiét bi do. Néu 6 khong
dam bao cong bé adi véi thiét bj khong bao gbém do khdng Gam bdo nay, Ue ruier ) €0 thé dugc thiét 1ap
béng 0.

Céc do khong dam bao cia phép do nhiét do va hé sb gian n& dwoc gia thiét khdng duoc higu chuén.
Theo cong thire (1) ddn @én cong thire (C.8):

+u (C.8)

b - - >
Unier00 = /4y wavcone cu ™ Y et a1 ~ Yemavcone cu + ¥e e 8l
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Trong do:

Unmiv conc cy  1a @0 khong dam bédo do phép do clia may cdng cu hodc chi tiét gia cong, hodc do
khéng dam bao do chénh I&ch nhiét do gitra thiét bi do va bd phan kep chi tiét gia cong clia may
cdng cy, tinh bang micrémét (um);

Uwtiier g, 1 dd khdng dam béo do phép do nhiét do cua thiét bi tinh bang micrdmét (um); cé thé
duoc thiét 1ap bang 0, néu d khdng dam bao cong bd ddi véi thiét bj bao gém dd khdng dam bao
clia phép do nhiét do cla thiét bj (hozic néu bao gdbm dd khéng dam bao cla Iwgng bu cia cac
phép do tai nhiét 4 khac 20 °C); c6 thé duwoc thiét 1ap bang 0, néu thiét bi (co khi) nhan nhiét clia
bd phan kep chi tiét gia cong clia may céng cu;

Usmay cong cy 1@ @9 khdng ddm bao do hé sé gidn né nhiét clia may cong cy hodc chi tiét gia
cdng, tinh béng micrdmét (um);

L 1a chiéu dai do, tinh bing milimét (mm);

Usmers, 14 d0 khdng dadm bdo do hé sbé gian nd nhiét clia thiét bi do, tinh béing micrémét (um);
c6 thé dugc thiét 1ap bang 0, néu 6 khdng dam bao cong bd dbi voi thiét bj bao gdm d khong
dam bao clia hé sb gian nd clia thiét bi (hodc néu bao gdm d6 khdng dam bao clia lvong bi cla
céc phép do tai nhiét 3o khac 20 °C)

C.2.5 Do khong dam bao do sai s6 bién déi maéi trwong (EVE, hodc dd trdi) , veve

Trong théi gian do, mdi trudng, thiét bj va/hodc may cong cu co thé trdi hodc thay ddi, gay anh huéng
dén sb lieu dwa ra clia hé théng do. Sai sb bién ddi moi trvdong nay co thé dwoc kiém tra bang mot
phép kiém do troi: Bing cach I&p dat thiét bj do trén may céng cu kiém va nhin vao thay dbi clia sb lidu
dwa ra & vi tri gi¢i han (bién) trong th&i gian can thiét dé thuwe hién kiém dinh vi, ¢6 thé nhan dwoc do
I&n cha anh hwdng nay, Eve.

Gia tri d6 troi nay Eve tot nhét l1a dwoc danh gia bang cach tinh sai I&éch chudn, ueve, tir div lidu d3 ldy
hodc dwoc lay la mot khodng va duoc chuyén sang thanh mét do khéng dam bdo chuén theo céng
thirc (C.9) - twong ng véi céng thirc (4).
Gia tri @6 troi nay khéng bao gdm @b 13p lai clia truc may, do truc may khéng bi dich chuyén trong khi
kidém do troi.

Ey

23

(C.9)

Upg =

Trong doé:

Usve la d6 khdng dam bao do bién @i méi trivong, khdng bi anh hwéng béi kha naing 13p lai clia
tryc di chuyén;

Eye la gia trj 46 troi.
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Gia tri do trdi Eye khdng chira dd trdi thuan tay, do dd trdi phai dwoc lam gidm tdi thiéu cho cac phép
do theo 3.3 ctia TCVN 7011-2 (ISO 230-2), nghia la, khéng duoc dat mét sy tang 1én b trat tw cla cac
sai l&ch gilra cac cach tiép can lién tiép t&i bét ky vi tri dich cu thé nao. Do do, thanh phan nay dwoc
xem la khéng twong hé gitra ndm lan do lién tiép.
Sai s6 bién déi méi tredng Eve ludn ludn lam ting sai léch chuén duoc tinh toan cho kha nang lap lai
theo mét chidu RT, R+ va cho kha nang 13p lai theo hai chiéu R. Do d6 cac gia tri khd nang I3p lai co
thé dwoc hiéu chinh cho cac anh hwdng clia méi trwdng theo cong thirc (C.10), néu céac sai léch chuén
I&n nhat tir cac phép do dinh vj Iap lai xuat hién tai cac chiéu dai do dai hon. Néu céc sai léch chuan
Ién nhét xuat hién tai cac chiéu dai do ngén hon, phai thuc hién thém cac phép kiém do tréi tai cac
chiéu dai do lién quan.

. R
Shisuchnh | = AfS, 1T U e

¥ 3
SihidL en'an ¥ = \[54 ~ Uy
-~ -~
Rinigucrinn = = 4. Sinigu chinn
Ri.'m(m chinn v = 4. Sihigu chinh ¥

- . A
Rinigu crinh = MaX [2. Sipguchion T + 2. Singucnion ¥ + B, 5 Rinigwcninn 1 3 Rinu crinn ¥ ]

Riveu erinn T = max [Ri higu chimn T]

Riveu erinn 4 = max [Ri niew ehinh 2 ]

Rhigu crinn = MaX [Riwigu chinn
Trong doé:

Shisucnin .~ | dd khdng dam bao chudn theo mdt chidu duoc hiéu chinh s, hiéu chinh do anh

hwdng clia moéi trwedng;

s la woc lwgng clia do khéng dadm bao dinh vi chudn theo mét chiéu, xem 2.15 cua
TCVN 7011-2 (1ISO 230-2);

Ueve 14 d6 khdng dam bao do cac bién ddi cia méi tredng;

Rinigu eninn v lakha nang I3p lai dinh vi theo mét chiéu dworc higu chinh tai vij tri i, hiéu chinh do
anh huwédng clia moéi trwdng;

Rinesenion  1a kKhad nang |ap lai dinh vi theo hai chiéu dwoc hiéu chinh tai vi tri i, hidu chinh do anh

hwdng clia mbi tredng;

Rueu cinn T.¥ 1a khd ndng ldp lai dinh vi theo mét chidu dwoc hiéu chinh, hiéu chinh do dnh
hwéng clia mai trwéng;
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Rugsennn 18 khd nang 13p lai dinh vj theo hai chigéu dwoc higu chinh, hiéu chinh do dnh hwéng ctia
mdi trudng.

C.2.6 B% khong dam bao do kha nang lap lai cua viéc thiét 1ap phép do , uryer e

D chinh xac dinh vi tuyén tinh va kha nang Iap lai thay ddi theo cac dwong do khac nhau, néu truc
dich chuyén c6 cac chuyén dong budc valhodic chuyén dong lac ngang (léch huéng). Do dé, dwdng do
phai dwgc néi rd mdt cach chinh xac, nhw yéu cau trong Diéu 6 ciia TCVN 7011-2 (ISO 230-2). Néu sb
liéu @6 chinh xac dinh vi theo phép kiém nay dwoc s dung cho cac muc dich bl hoac cho viéc tinh
toan do chinh xac thé tich, vi tri chinh x&c clia dwéng do 1a yéu té can thiét. Trong thyc té khéng co
kha ndng dé néi rd vi tri cla duwérng do mdt cach chinh xac; do d6, thanh phan nay clia dé khéng dam
bao do phai dwoc tinh dén.

Anh hwdng nay phu thudc vao c& cla cac sai léch goc, bwdc va ldc ngang clia truc dugc kiém va phu
thudc vao bu Abbe gitra cac duwdng do cua hai thiét 1ap. Lwgng bu dugc do theo phwong vudng géc so
v6i duwdng phép do. Dan dén két quéa anh hudng téi chidu dai do dugc tinh theo céng thire (C.11), gid
st trong 14n wéc lwong dau tién, chuyén dong budc va lc ngang dé c6 cung thanh phan thay dbi
chiéu dai.

AL it e = V2 .Ongae.Dooc /1000 (c.11)
Trong do:

AL ruerae 13 thay ddi chidu dai do do kha nang I3p lai clia thiét Iap phép do, tinh bang micromét

(um);

Onss: & bu Abbe gitra hai dwérng c6 thé c6 clia phép do, tinh béng milimét (mm);

Dcoc 12 sai léch goc (bwéc/idc ngang) clia truc dwoc kiém, tinh bing micrémét trén mét (um/m).

Théng thwdng, lwong bu Abbe gitra hai Ian thiét 1ap phép do sé 1a khodng 50 mm; néu st dung do ga
theo yéu ciu clia khach hang, né cé thé dwgc gidm xubng con 1 mm hodc nhd hon. Sai léch géc cua
truc dwoc kiém cé thé dwoc do, hodc cac dung sai theo ISO cho dich chuyén buéc va l&c ngang dugc
Iy nhw mét wéc lwong dau tién. Cac dung sai theo ISO cho dich chuyén buéc va l&c ngang cho may
cdng cuy la khoang 50 um/m.

Anh hudng do kha nang I3p lai clia viéc thiét 1ap trén chidu dai do AL ruer e dugc st dung dé tinh d6
khOng dam bao chuén theo Cél"lg thirc (4), UTHIET LAP = AL THIET LAP )"2\/3 .
C.3 Do khéng dam bao cua diém do, upiempo

D6 khdng dadm bao ctia mét diém do don bj anh hwéng bdi thiét bj, sy can chinh, sy bu nhiét do, sai sé
bién ddi méi tredng, va bdi kha nang Iap lai cia viéc thiét 1ap phép do. Cac thanh phén nay la khéng
twong hé; do d6 u, trong cong thirc (1) c6 thé lay bang 0, va upiem po Guoc tinh toan bang céch st dung
cdng thirc (1) — theo cdng thire (C.12).
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u = ful u’ +ul AT BT (C.12)
DIEM DO THIETBI © "CHINH THANG © (NHIETDO ~ “EVE T MrhifTLAe :

Trong 66 usowr la dd khéng dam bao do diém do.

Hau hét cac thanh phan phu thudc vao chidu dai do, nén upont khac nhau tai tirng diém do doc theo
truc may. Ddi véi woc lwong dé khong dam bao dau tién, chiéu dai Ién nhét phai duoc lay cho tat ca
cac thanh phan.

C.4 Uéc lwong dé khéng dam bao cua cac thong sé

C.4.1 Téng quan

Trong TCVN 7011-2 (ISO 230-2), cac théng sb: kha nang I4p lai, gia tri ddo chiéu, sai léch hé thdng va
d6 chinh xac dinh vi dwoc dinh nghia va phai dwoc thé hién la cac két qua cla cac phép do. Cac do
khéng dam bao clia cac thong sé nay, trén co s& do khdng dam bado do, duoc wéc lugng theo C.4.2
dén C.4.5.

C.4.2 Wéc lwong dd khéng dam bao cho kha nang I3p lai theo mét chiéu URT,RY)

Diéu nay chi ap dung cho cac tryc 1én t&i 2000 mm.

Kha nang lap lai theo mot chiéu la I6n nhét clia bén Ian sai léch chudn clia nam 1an do tai méi vi tri do
(xem 2.17 ctia TCVN 7011-2 (ISO 230-2)). Chi cac chénh Iéch tai cung cac vi tri la cac hé sé déng gép
(thanh phan) cho théng sé nay. Do d6, do khéng dam bao ctia kha nang I3p lai theo mot chiéu RT,
R khéng phu thudc vao viéc hiéu chuén thiét bi do, viéc can chinh thiét bj do hodc viéc bu nhiét do
may. Déi v&i khd nang 13p lai theo mot chiéu, cac thay ddi nhd trong vj tri thiét 1ap dwgc xem 1a khang
¢6 tinh quyét dinh.

Do dé, chi con lai thanh phan 1a sai s6 bién dbi méi trudng ueve. Nam 1an do c6 thé duoc xem Ia khdng
twong hd dbi véi cac thanh phan nay; do do u, trong cong thirc (6) béng 0. St dung 2.10, 2.15, 2.16
clia TCVN 7011-2 (ISO 230-2) va cac cdng thire (3), (6) va (B.5) clia tiéu chudn nay, nhan duoc két
qua sau:

—

ulRTRY)= 4‘\/—’-1.;:&.,5 URMRY)=2u(R" RY) (C.13)

Trong dé:
U(R R ~L) la dd khéng dam bao cla kha nang lap lai theo mét chidu, k = 2;
n lasblando, n=5.

C.4.3 Uéc lwong dd khéng dam bao cho gia tri dao chiéu U(B)

Gia trj ddo chiéu Ia hiéu Ion nhét gikra hai gia tri trung binh (xem 2.13 cia TCVN 7011-2 (ISO 230-2)).
Chi céc chénh léch gira dich chuyén huéng Ién va hwéng xubng tai cung céc vi tri 1 cac hé sé dong
gop (thanh phan) cho théng sé nay. Do d6, vé phan kha nang I3p lai theo mét chiéu, dd khéng dam
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bdo cho gia tri ddo chiéu khéng phu thudc vao viéc hiéu chudn thiét bj do, viéc can chinh thiét bj do, va
viéc bu nhiét dé may céng cu.

Do d6, chi con lai cac thanh phan la ugye VA Uryer wap- Thanh phan ueye ¢ thé dwoc xem la khéng
twong hd gitra ndm Ian do; Thanh phan urwer Lae khong thay ddi gitra ndm 1an do, do dé né dwoc xem
la twong hé. Trong mét wérc lwong dau tién, cac gia tri trung binh ti dich chuyén hwéng lén va huéng
xubng duwgc xem la twong hd, bdi vi cac gia tri dwec quan st tai cing mét diém do. St dung 2.10,
2.12, va 2.13 ctia TCVN 7011-2 (ISO 230-2) va cac cdng thire (3), (6), (7), (A.5) va (A.7) cia tiéu chuén
ndy, nhan duoc két qua sau:

u(B)= z_v/“'f%A oo U(B)=2u(B) (C.14)

Trong dé:
U(B) la o khong dam bdo cla gia tri dao chiéu, k = 2;
n lasé lan do,
n = 5 ddi v&i c4c tryc 1én t6i 2000 mm,
n = 1d6i v&i cac truc Ién hon 2000 mm.
C.4.4 Do khdng dam bao cla kha ning ldp lai theo hai chiéu, U(R)
Diéu nay chi ap dung cho cac tryc |én t¢i 2000 mm.

Kha nang Iap lai theo hai chidu (xem 2.17 ctia TCVN 7011-2 (ISO 230-2)) néi chung bang tdng clia kha
nang 13p lai theo mét chidu va gia tri ddo chiéu. Do kha nang I3p lai dwgc danh gia tir sai léch chuén
clia ndm 1an do va do gia tri dao chidu dwoc danh gia tir gia tri trung binh, hai thanh phan nay dwoc
xem |3 khéng twong hd. St dung cac cang thire (6), (C.13) va (C.14), dwgc két qua sau:

u(R)=\[u(B) +u(RT.RV)  U(R)=2u(R) (C.15)
Trong d6 U(R) 14 dd khong dam bdo clia kha nang 14p lai theo hai chiéu, k = 2.

C.4.5 Do khdng dam bao cua sai léch hé théng, UM, E,E T ,Ev)

T4t ca cac sai léch hé théng ctia TCVN 7011-2 (ISO 230-2) dya vao céac gia tri trung binh dugc tinh
toan tir nam Ian do (xem TCVN 7011-2 (ISO 230-2)). Dbi véi cac gia tri ndy, dd chinh xac tuyét dbi ctia
thiét bi, viéc can chinh, b nhiét d6 ctia may cong cu va kha naing I3p lai clia viéc thiét 14p la quan trong
chli yéu. Bén thanh phan nay van giéng nhau cho ndm lan do; do d6, ching phai dugc xt Iy nhw
twong hd gitra ndm 1an do. Chi c6 sai sb bién ddi méi truedng c6 thé duoc xem la khdng tuong hé gira
nam lan do.

Céc sai léch hé théng la hiéu sé gitra gia tri Ién nhét va gia tri nhd nhét doc theo hanh trinh cla tryc
may. Do cac thanh phén riéng 1& (don) dwgc wéc luong cho toan bd hanh trinh cla truc va cac gia tri
nhd nhét va I&n nhat thuedng cé vi tri gan cac bién (G4u) clia hanh trinh, viéc wéc lugng chi voi diém
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d4u la du trong cac trudng hop quan trong nhét. S& dung céac cang thirc (3), (6), (A.5) va (A.7), dwvoc

két qua sau:

[ 2
A _ |2 2 2 2 Uy
u(M.E,ETE)= \ Uriigre  Youinnmianesal T Unmieroo T W ngrie F n
UMEETEv)=2uMEETEL) (C.16)

Trong do:
U(M,E.ET EL) 1adokhong dam bdo cla céac sai léch hé thong, k=2;
n lasélén do,

v&i tryuc 1en t&i 2000 mm:

n=5ddivei E,.ETEL

n =10 déi v&i M,

v@i truc Ién hon 2000 mm:

n=1déivéi E.ETEL

n =2 dbi v&i M.

C.4.6 DO khdéng dam bao cla dé chinh xac dinh vi, UA, A T ,AV)

Diéu nay chi ap dung cho cac truc [&n t&i 2000 mm.

Céc gia tri 6 chinh xac néi chung béng téng cla cac sai léch hé thdng va cac gia tri kha nang I3p lai
theo mét chidu (xem TCVN 7011-2 (ISO 230-2)), nghta la tdng clia mét gia tri trung binh va mét tich sai
léch chuén. Hai thanh phan nay dwoc xem la khong twong hd, dan téi cong thiec (C.17).

uld, AT AY)= Ju(E) +u(RTRL)
Ula,at,4)=2u(a,41, 44) (C.17)
Trong dé U(A.A T.4 v) la d6 khéng dam bao cua dd chinh xac dinh vi, k = 2,

C.5 Vidu wéc lweng dé khong dam bao

C.5.1 Uéc lwong dd khdng dam bao cho giao thoa ké laze trong cac diéu kién céng nghiép
binh thwéng

Céac diéu kién cong nghiép binh thwéng dwoc dinh nghia la:

- Thiét bi khéng dwec higu chudn, cac gia tri dd khdng dam bdo dugc ldy theo nha san xuét thiét
bi,
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Viéc c&n chinh duoc the hién Gé dat dwoc di cwdng dd clia chum laze phan hdi, thay cho can
chinh dwgc khuyén nghij theo chiim phan héi ( xem C.5.2),

Nhiét d§ trong nha may (phan xwéng lam viéc) khoang 25 °C,
Cac cam bién nhiét o khéng dwoc hiéu chinh,

Kha nang I3p lai clia viéc thiét 1ap Ia khodng 50 mm, cac chuyén dong budc va lac ngang Ién
nhét [a 50 ym/m, va

Sai s6 bién ddi mdi truvdng Eye, dwoc lay tr mot phép kiém do trdi, duoc gia thiét bang 1,7 pm.

Trong tredng hop nay, dd khdng dam bdo cho d6 chinh xac dinh vi theo hai chiéu U(A) 1a 14 pm
(k = 2) cho chiéu dai do Ia 1750 mm (xem Bang C.1).

C.5.2 UWéc lwong do khéng dam bao cho giao thoa ké laze trong cac diéu kién céng nghiép
dworc cai thién

Cac diéu kién duoc cai thién duoc dinh nghia la:

St dung thiét bj dugc hiéu chuén,

Thiét bj dwgc can chinh trong khodng 1 mm so véi truc dugc kiém béng cach can chinh chum
laze phan héi,

Nhiét do trong nha may (phan xwdng lam viéc) én dinh va trong khoéng 20 °C = 1 °C,

Céc cam bién nhiét do dwgc cai thién,

Thiét 1ap phép do dugc thyc hién véi cac dd ga dic biét dé gitr kha nang I4p lai Ion nhéat 1a 1 mm,
cé4c chuyén dong buéc va l&c ngang 16n nhét 1a 50 ym/m, va

Sai sé bién @i moi treong Eve, dwoc Iy tir mot phép kiém do trdi, dugc gia thiét bang 1,7 pm
(mac du, thong thudng mdt méi trudng tét hon sé dén dén Eye nhd hon).

Khi d6, dd khong dam bao cho dd chinh xac dinh vi theo hai chiéu U(A) Ia 4 um (k = 2) cho chiéu dai do
la 1750 mm (xem Bang C.2).

C.5.3 Uéc lwong dd khéng dam bao cho thang do tuyén tinh trong cac diéu kién céng nghiép

binh thwong

Céc diéu kién cdng nghiép binh thwéng dwgc dinh nghia la:
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Thiét bi khéng dwoc hiéu chuén, cac gia tri 46 khéng dam bao duoc l4y theo nha san xuét thiét
bi,

Viéc can chinh dugc thic hién trén mat bén cla thang do tuyén tinh @&t trén ban may trong
khoang 0,5 mm,

Nhiét dd trong nha may (phan xwdng lam viéc) khoang 25 °C,

Thang do tuyén tinh nhan nhiét cta thiét bi kep chi tiét gia cong, néu thudc dugce kep vao nd, véi
d6 chénh 1én nhét 14 0,1 °C,
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- Kha nang I3p lai cia viéc thiét 1&p 1& khodng 50 mm, cac chuyén déng buéc va l&c ngang I6n
nhét 1a 50 pm/m, va

- Sai sb bién dbi mdi trudng Eye, dwoc ldy tir mot phép kiém do troi, dwoce gia thiét bang 1,7 pm.

Trong trwéng hop ndy, 46 khéng dam bdo cho d chinh xac dinh vi theo hai chiéu U(A) 1a 15 pm
(k = 2) cho chiéu dai do a 1750 mm (xem Bang C.3).

C.5.4 UWoc lweng dé khong dam bao cho giao thoa ké laze trong cac diéu kién cong nghiép
dworc cai thién

Cac diéu kién dwoc cai thién dwec dinh nghia la:

- Sir dung thiét bi dwoc hiéu chudn,

Thiét bi dwoc can chinh (vi du véi dong hd so) trén mat bén clia né trong khoang 0,5 mm so voi

truc dwoc kiém,
- Nhiét dd trong nha may (phan xwéng lam viéc) 6n dinh va trong khoang 20 °C= 1 °C,

- Thang do tuyén tinh nhén nhiét cta thiét bi kep chi tiét gia cong, néu thudc duwoc kep vao né, véi
dé chénh Ién nhét 14 0,05 °C,

- ThiétIap phép do dwgc thue hign véi cac dé ga dac biét dé gitr kha nang 13p lai lén nhét 1a 1 mm,
cac chuyén dong budc va lic ngang Ién nhét la 50 um/m, va

- Sai sb bién ddi méi trwdng Eve, dwoc Iy tir mot phép kiém do tréi, dwoc gia thiét bang 1,7 um
(mac du, théng thudng mdt mdi trwéng tét hon sé dan dén Ey: nhd hon).

Khi @6, dd khéng dadm béo cho dd chinh xac dinh vi theo hai chiéu U(A) 1a 4 um (k = 2) cho chiéu dai do
la 1750 mm (xem Béng C.4).
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Bang C.1 - Wéc lwong dd khéng dam bao do cho phép do vj tri bang laze trong

céc diéu kién céng nghiép binh thwéng

Thanh phan Théng s6 Ponvi u Ponvi U Bonvi | Céng
| | | | thire
Thiét bj i [ mm_ l i
o0 chiéu dai do 1 1751,000 | ppm | : |
o do chinh xac, bl ty déng, 15-25 °C | 3,400 pm | | | |
00 anh hudng | 5,953 " ppm 1,7 | uym ' ! | 4
0 @b chinh xac chiéu dai budc séng 0,200 pm : | | 4
oo anh huédng 0.350 01 pm |
u(Thiét bi) 1,7 pm K
Can chinh "
o c&n chinh chim B
00 ¢an chinh, gia thiét 14,000 mm
0o chiéu dai do | 1751,000 mm
00 goc I&n nhéat 10,131 b C5
00 dnh hudng 1an thir 2 4,569 pm C5
u(Chinh thang sai) I 1,3  pm 4
Bu nhiét dé chi tiét gia céng | .
o chidu dai do | 1751,000 mm | |
o hé s0 gian n& nhiét 12,000 | um/m°C |
o chénh so v&i 20 °C, 16n nhat 5,000 | °C | |
| | I
o phép do nhiét dé | i | 5
00 sai l&ch, I&n nhat 0,700 °c [02 [°C | 4
u(M, May céng cu) |42 | um  Cs6
T . f
0 d6 khdng dam bao clia hé s6 md rong 2,000 pm/m°C | 0,6 | um/m°C | 4
u(E, May cong cu) 51 | pm [ lc7
u(Nhiét dé) : 66 | um c.8
T T T
EVE, sai 50 bién d6i méi trwong | 1,700 pm | | |
u(EVE) | | 05 | um ' C9
1 |
Kha nang lap lai cua thiet lap | |
o budc va lac ngang Ién nhat 50,000 | pm/m |
0 bu Abbe gilra hai lan thiét Iap 50,000 | mm |
o thay déi chidu dai do 3,536 | um i C.11
u(Thiét lap) i (1,0 | pm |4
| ! |
u(Piem do) tai chidu dai do | 7.0 | uym I C.12
Sé I&n do, n | 5,0
U(R+, R-) | 11,0 [ pm 2 | um c.A13
U(B) | 2,1 | um 4 | ym c.14
U(R) 23  pm 5 | pm C.15
U(E, E+, E) 17,0  um T C.16
U(M) | | 7,0 | pm 14 [ um C.16
U(A) I (74 um 14| pym CA7
Hiéu chinh cac gia trj kha nang lap lai Khéng hiéu | Hiéu
chinh chinh
R+ theo Bang 2, TCVN 7011-2 (ISO 230-2) 29 2.1 | gm C.10
R- theo Bang 2, TCVN 7011-2 (ISO 230-2) 2,5 1,5 | pm | Cc.10
s+(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 0,7 05 um | | | c.10
s-(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) 0,6 03 | gm | | c.10
B(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) 3,8 L gm | |
R theo Bang 2, TCVN 7011-2 (ISO 230-2) 6,5 5,6 um | | C.10
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Bang C.2 - Uéc lwgng dd khéng dam bao do cho phép do vi tri bang laze trong

cac diéu kién cong nghiép dwere cai thién

Uéc lwgng dg khéng dam bao do, do bang giao thoa ké laze

Cac dieu kién cong nghiép dwec cai thign

I

Thanh phan Théng so Bon v u BDon v Bonvi Céng
| - | | thie
|
Thiét b !
o chiéu dai do 1751.000 mm
0 6 khong d3m bdo theo chirng nhan hiéu chudn 1.0 | ppm
0o hé sb bao phu theo chirng nhan 2,000 -
_ um pm i
u(Thiét bj) 109  pm E - . C2
| Cin chinh ) ) ' ; |
o cén chinh chim 1 |
00 ¢én chinh, gid thiét . 1,000 mm
0o chiéu dai do . 1751,000 mm
00 géc 16n nhat 0,033 ° 'c5
_00 anh hudng lan the 2 . 0286 pm | C5
u(Chinh thang sai) 01  um 4
Bu nhiét dé chi tiét gia cong !
o chiéu dai do 1751,000 mm -
o hé sb gian n& nhigt 12,000 um/m°C
o chénh so v&i 20 °C, Ién nhat 1.000 °c |
o phép do nhiét 6 i |
00 sai léch, I&n nhét 0,200 ] 01 |°C |4
u(M, May cong cy) 11,2 | um . C6
o d6 khéng ddm bdo cla hé sé md réng | 2,000 | ym/m°C | 06 | pm/m°C 4
u(E, May cbng cu) | | 1,0 | pm | c.7
u(Nhiét dd) | 1,6 | pm | cs8
1 ] |
EVE, sai s6 bién d5i méi treong | 1,700 | gm | |
u(EVE) | 05 um |
| { ]
Kha ndng lap lai cla thiét 1ap | | |
o budrc va lac ngang Ién nhét | 50,000 | ym/m [ '
0 bu Abbe gitra hai Ian thiét lap 1,000 [mm
o thay ddi chiéu dai do 0,071 L um C.11
u(Thiét lap) I | 10,0 | pm 4
| |
u(Piem do) tai chieu dai do | 1.9 | pm | _ C.12
S614n do. n 5,0
U(R+, R) ‘1,0  pm 20 | ym . C13
U(B) (0,4 | pm 0,9 | pm [ C.14
U(R) ‘1,1 | gm 122 | pm | CA15
U(E, E+, E-) 1,8 | um 3,6 | um [ C.16
U(M) 1,8 | pm 36 | pym 'C.16
U(A) 21 | pm 41 | um ['caz
Hiéu chinh cac gia trj kha nang lap lai | Khéng hiéu Hiéu i !
chinh . chinh | | |
R+ theo Bang 2, TCVN 7011-2 (ISO 230-2) 29 2.1 | pm | . C.10
R- theo Bang 2, TCVN 7011-2 (ISO 230-2) [ 25 1,5 | pm C.10
s+(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 0,7 0.5 pm C.10
s-(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 0,6 03 ym C.10
B(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) 38 um
R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 6,5 | 5,6 um | C.10
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Bang C.3 - Uéc Iwong dd khéng dam bao do cho phép do bang thang do tuyén tinh trong

Phép do xac dinh vij tri

cac didu kién cdng nghiép binh thwén
[ L_

Udc lwgng do khéng dam bao do, do bang thwéc chia tuyén tinh

Cac didu kién cong nghiép binh thwong

Thanh phan Thong sb Ponvi (u Bonvi U  Bonvi Céng
| | | thire
Thidt b - - ! ' | |
o chiéu dai do - | 1751,000 mm - '
o0 dd chinh xac cla thiét bi | 3,000 | pm 09 |um 4
u(Thiét bj) T ' 0,9 | ym ¥
Can chinh
o can chinh thang do tuyén tinh
00 can chinh, gia thiét 0,500 mm
0o chiéu dai do 1751,000 mm |
00 gbc I&n nhat - 0,016 ° ! ! C5
00 anh hudng lan thir 2 0,071 um C5
u(Chinh thang sai) ' 10,0 | pm 4
B nhiét dd chi tiét gia céng ,
o chiéu dai do | 1751,000 mm i
o hé s6 gian nd nhiét | 12,000 um/m°C B
o chénh so v&i 20 °C, Ién nhéat 5,000 C |
|
o chénh nhiét 6 thudc va ban may |
0o sai léch, I&n nhét 0,100 | °C 00 |°C | 4
u(M, May cdng cu) i 0,6 | pum I'c6
! .
o dd khéng dam bdo clia hé s6 md rong cia may 2,000 | ym/m°C [ 0,6 | um/m°C | [ 4
u(E, May cbng cu) | 51 | um | c7
0 dd khéng dam bao clia hé s6 md rong cla thude | 2,000 | uym/m°C | 0,6 | pm/m°C | 4
u(E, Thiét bj) | 51 | um c7
u(Nhiét dé) | 7.2 | uym 'c.8
EVE, sai s8 bién déi méi trwong | 1,700 | pm . |
u(EVE) i 0,5 | pm i ( C9
Kha ning ldp lai cia thiét lap | | |
o buéc va lac ngang |én nhat | 50,000 um/m i f
o bu Abbe gila hai lan thiét I1ap | 50,000 mm | :
o thay doi chiéu dai do - 3,536 um i C.11
u(Thiét l1ap) 11,0 [ pm | 4
u(Piém do) tai chiéu dai do | { |73 | pm ] | ' C.12
T | | |
Sé lan do, n | 5,0 |
U(R+, R-) % 1,0 | pm 2 um XK
| U(B) | 21 | pm 4 |um - C.14
U(R) | 2,3 | pm 5 | pm . C.15
| U(E, E+, E-) 7,3 | pm 15 | pm | C.16
U(M) 73 | pm 15 | pm C.16
U(A) | 74 | pm 15 | pm C.17
Hiéu chinh cac gia trj kha nang lap lai | Khéng higu | Hiéu | |
| chinh chinh |
R+ theo Bang 2, TCVN 7011-2 (ISO 230-2) 29 21 um C.10
R- theo Bang 2, TCVN 7011-2 (ISO 230-2) 25 15 um C.10
s+(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 0.7 0,5 um Cc.10
s-(9) cho R theo Bang 2, TCVN 7011-2 (ISC 230-2) | 06 0,3 pm | C.10
B(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) 39 | ym | | |
R theo Bang 2, TCVN 7011-2 (1SO 230-2) 6,5 56 Tpm | j 1C.10
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Bang C.4 - Wéc lwgng d khéng dam bao do cho phép do bang thang do tuyén tinh trong

%.t

Udc lwong d§ khéng dam bao do, do bang thang do tuyén tinh

Cac diéu kién cong nghiép dwere cai thién

Thanh phan Thong sb Ponvi u Donvi U  Donvi | Cong
—_— o ——— IR . thl:rc
Thiét bi o B
o chiéu dai do ~.1751.000 mm
o d9 khéng dam bao theo chirng nhan hiéu chuan - 1,5  pm
00 hé s6 bao pht theo ching nhan 2,000 - )
pm : um -
u(Thiét bj) i 708 | pm C1___
Can chinh I _—__
o can chinh thang do tuyén tinh I
00 can chinh, gia thiét 0,500 mm |
00 chiéu dai do . 1751,000 | mm ;
00 goc lon nhat . 0,016 i ! | |C5
00 @nh hwéng |an thir 2 0,071 pm ' ' | C5
u(Chinh thang sai) 0,0 | um 4
"Bu nhiét dé chi tiét gia cong 1 - | |
o chidu dai do | 1751,000 mm | |
o hé sb gian n& nhiét 12000 | ym/m°C i :
o chénh so véi 20 °C, Ién nhat 1,000 [ °C ' -
o chénh nhiét d4 thudc va ban may | | -
00 sai léch, |Gn nhét 0.050 °C 0,01 | °C | | 4
u(M, May cong cy) .03 | pm | | [oX3)
| |
0 d4 khéng dam bdo cUa hé s6 m& réng ciamay | 2,000 um/m°C | 0,6 | pm/m°C | [ 4
u(E, May céng cy) | | 51 um | c.7
o d% khong dam bdo ciia hé sé mé réng cla thudc | 2,000 um/m°C | 0,6 | pm/m°C | 4
u(E. Thiét bj) ' 1,0 | pm 'C.7
u(Nhiét do) | 1,5 pum | C.8
EVE, sai s4 bién d6i méi trwéng 1,700 | ym | i |
u(EVE) | 05 | um |
| i | |
Kha nang lap lai cua thiét lap | | 1
o bwérc va lac ngang Ién nhat | 50,000 | pm/m | |
o b Abbe gitra hai lan thiét 1ap | 1,000 | mm |
o thay ddi chiéu dai do 1 0,071 pm | C11
u(Thiét lap) . ' (00  pm | 4
u(Biém do) tai chiéu dai do ] 17 | um =XF
1
Sé 1an do, n 5,0 [
U(R+, R-) 1,0 | pm 12,0 | um C.13
U(B) B 04 | pm [0,9 [ pm c.14
U(R) | 1,1 | pm 1 2,2 | Pym C.15
U(E, E+, E-) | 1,7 | pm 13,3 | um C.16
U(M} | ' 1,7 | pm 133 | pm C.16
U(A) | 1,9  pm 39 | pym c.17
Higu chinh cac gia tri kha nang ldp lai | Khéng hiéu | Hiéu ! |
| chinh ___ chinh '
R+ theo Bang 2, TCVN 7011-2 (ISO 230-2) 2,9 | 21 L pm | C.10
R- theo Bang 2, TCVN 7011-2 (ISO 230-2) 25 1,5 um | C.10
s+(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 0.7 0,5 um C.10
s-(9) cho R theo Bang 2, TCVN 7011-2 (IS0 230-2) | 0.6 0,3 | gm | C.10
B(9) cho R theo Bang 2, TCVN 7011-2 (ISO 230-2) | 3.9 | pm |
R theo Bang 2, TCVN 7011-2 (ISO 230-2) . 6,5 . 56 | um | | . C.10
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Thw muc tai liéu tham khao

(1] ANS| B89.6.2:1998, Temperature and Humidity Environment for Dimensional Measurement
(Nhiét do va dé 4m mai truong déi véi phép do kich thuwéc)
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