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VAN BAN KY THUAT PO LUONG VIET NAM PLVN 289 : 2016

Ap ké pittdng - Quy trinh hiéu chuan
Pressure balances - Calibration procedure

1 Pham vi ap dung

Vin ban k¥ thuat nay quy dinh quy trinh hiéu chuan déi véi:

- Ap ké pittong khi c6 pham vi do: (0,0015 =+ 7) MPa & ap suat tuyét ddi va (-0,1 +
100) MPa ¢ ap suat tuong doi, c6 do chinh xac dén 0,008 %.

- Ap ké pittong dau c6 pham vi do: (-0,1 = 500) MPa, c6 do chinh xac dén 0,008 %.
dung dé kiém dinh ap ké, huyét ap ké.

2 Giai thich tir ngiv

Céc tir ngir trong vian ban nay duoc hiéu nhu sau:

2.1 Ap ké pittong chuan 12 thiét bi thé hién, duy tri hodc tai tao dai luong ap suét, duoc
dung lam mdc so sanh véi céc thiét bi do luong ap suat c6 dd chinh xac thap hon.

2.2 Biém mdc co so cua phuong tién do ap suat (Reference level — Ref. level) 1a méc
co s& dé xac dinh ap suat chuan duogc tao ra, dugc xac dinh ¢ day cua pittdng hodc nha
san xuat quy dinh.

2.3 Dién tich hiéu dung l1a dién tich xuat hién giita cum pittdng-xylanh, khi ap ké
pittong tao duoc diém ap suat chuan.

2.4 Vi tri gii han trén/dudi cia pittong 1a vi tri khi pittdng cao nhat/thap nhat tai diém
ap suat duoc tao ra.

2.5 UUT (Unit Under Test): Ap ké pittong can hiéu chuan.

2.6 PKDBD: b§ khong dam bao do.

3 Cac phép hiéu chuin
Phai lan luot tién hanh cac phép hiéu chuan ghi trong bang 1.

Bdng 1
TT Tén phép hiéu chuin Tl3e0 diéu muc
cua quy trinh
1 Kiém tra bén ngoai 7.1
2 Kiém tra ky thuat 7.2
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Theo diéu muc

TT Tén phép hiéu chuan ciia quy trinh
2.1 Kiém tra phuong cua lyc tac dung va do vudng goc 791
cua dia can goc voi truc cua pittong -
2.2 Kiém tra d6 kin cua hé thong tao moi trudng ap sut 71.2.2
2.3 Kiém tra thoi gian quay tu do cua pittong 7.2.3
2.4 Kiém tra téc d6 ha cua pittdng 7.2.4
2.5 Xac dinh d0 nhay ctia cia UUT 7.2.5
3 Kiém tra do luwong 7.3
3.1 Xéc dinh khéi luong dia can gdc, pittdng, cac qua can
, 7.3.1
cua UUT
3.2 Xéc dinh cac thong sé co ban cia UUT 7.3.2
4 Phwong tién hiéu chuin
Céc phuong tién dung dé hiéu chuin dugc néu trong bang 2.
Bdng 2
Tén phwong tién Dac trung ky thuat do lwong co AP dung cl}0
TT \ A 2 R di€éu muc cua
dung dé hi¢u chuan ban °s
quy trinh
1 | Chuén do ludng
- Truong hop UUT ¢6 d6 chinh xac
< 0,01 %, DPKDBD < 1/2 sai s6 cho
phép cta UUT.
o q - Truong hop UUT c6 d6 chinh xac
Ap ke pittong chuan tr 0,01 % dén 0,02 %, DPKDBD < 7.3
1/3 sai so cho phép cua UUT.
- Truong hop UUT c6 d6 chinh xac
> 0,02 %, BKDBD < 1/4 sai s0 cho
phép cua UUT.
2 Phwong tién do
2.1 | Phuong tién do chan | - Pham vi do < 30 Pa abs; 6.2;7.3
khong - Sais0: £ 5 %.
2.2 a1 A - Pham vi do (18 + 28) °C; 6.2; 7.3
Nhigt ke - Sai s6 cho phép: +0,2 °C.
2.3 | Amke - Pham vi do: (20 -+ 90) %RH; 6.2, 7.3
- Sai s0 cho phép: + 10 %RH.
2.4 | Phuong tién do ap suat | - Pham vi do: (950 + 1050) hPa abs; 6.2, 7.3
khi quyén - Sai s0 cho phép: = 0,3 hPa.
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Tén phwong tién Pic trung ky thuat do lwong co AP dung d}O
TT \ Z 1 en 2 - di€éu muc cuaa
dung dé hi¢u chuan ban s
quy trinh
2.5 | Phuong tién xac dinh - Pham vi do (0 + 350) mm; 7.3
vi tri day cua pittong - Sai s6 cho phép: + 0,5 mm.
2.6 | Phuong tién do toc 46 | - Pham vi do (0 + 50) mm; 7.3
ha cua pittong - Sai s6 cho phép: +0,1 mm.
2.7 | Dong hd bam gidy - Sai s6 cho phép: +0,1's 7.3
2.8 |Nhiét k& do nhiét do | - Gidi han do trén dén 35 °C; 7.3
cua pittong/Xy lanh - Sai s6 cho phép: +0,2 °C.
2.9 | B0 qua can chuan - Pham vi do dén 12 kg; 7.3
- Sai s6 cho phép: + 1 mg.
2.10 | Can so sanh - Pham vi do dén 1 kg; 7.3
- Sai s6 cho phép: + 1 mg.
2.11 | Can so sanh - Pham vi do dén 8 kg; 7.3
- Sai s6 cho phép: + 10 mg.
2.12 | Can so sanh - Pham vi do dén 12 kg; 7.3
- Sai s6 cho phép: + 10 mg.
2.13 | Nivd - Sai s6 cho phép: + 2 7.3
3 Phwong tién phu
31 [Ban gi hé thong |- Chiu duoc ap suit 16n hon gidi 6.2, 7.3
pittdng/xy lanh, dng | han do trén ciia UUT.
din va dau néi phu
hop.
3.2 | Van thé tich khong d6i |- Chiu duogc 4p suat 16n hon kha 6.2;7.3
nang do cua UUT.
3.3 | Heé thong tao 4p suat - Tao &p suat toi thiéu bang gidi han 6.2;7.3
do cua UUT.
- Phai kin, ting hodc giam ap suit
mot cach déu dian. Do giam ap cua
hé thdéng tao 4p & gidi han do trén
khong vuot qua 1 % trong thoi gian
1 phut, sau khi da chiu tai & gioi
han do trén 15 phut.
3.4 | Bom hut chan khong - Tao 4p suat 16n hon gi6i han do 6.2, 7.3
dudi cua UUT.
- Phai kin, ting hodc giam 4p suat
mot cach déu dan. Do tang 4p suat
ciia hé thong & gi6i han do dudi
khong vuot qua 1 % trong thoi gian
1 phut, sau khi da chiu tai ¢ gidi
han do trén 15 phut.
35 - Tao dugc 4p suat nho hon 20 Pa 6.2;7.3

Bom tao ap suét tuyét

abs.
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Tén phwong tién Pic trung ky thuat do lwong co AIA) dung d}O
TT \ Z 1 en 2 R di€éu muc cuaa
dung dé hi¢u chuan ban s
quy trinh
doi
3.6 | Nguodn dién - Ngudén AC phu hop véi dién ap 7.3
lam viéc chuan, thiét bi do phu va
UUT.
3.7 | Van diéu ap - Piéu ap suat téi thi€u bang gidi 6.2; 7.3
han do cua UUT.
3.8 | Binh phanly - Kin va chiu dugc ap suat 16n hon 6.2;7.3
gi6i1 han do trén cia UUT.

5 Di¢u ki¢n hi¢u chuan

Khi tién hanh hiéu chuan phai dam bao cac diéu kién sau day:

- Nhiét do hiéu chuan (18 + 28) °C, nhiét 46 khong duoc thay doi qua 2 °C/h;

- Do 4m <80 % RH;

- Phong hiéu chuan phai thoang khi, khong co bui, cac chat n mon, khong bi dot
néng tor mot phia va khong c6 rung dong;

- Kiém soat cira ra vao va cac thao tac chuyén dong, gitt cho ap suat khong khi on
dinh va khong tao ra cac ludng khong khi, ngudn nhiét mét phia & quanh ap ké pittong;
- Phong hiéu chuin khong c6 bui ban, cac chit in mon va rung dong.

6 Chuan bi hiéu chuan

Trudc khi tién hanh hiéu chuan phai thuc hién cic cong viéc chuan bi sau day:

6.1 Yéu cau chung

- DKDBD cuia chuin do ludng phai duoc cong bd theo gid tri ap suét.

- Chuén do ludng phéi c¢6 gi6i han do va chic ning do phu hop voi UUT va phai
duoc lién két t6i chuan do luong quéc gia.

- Dbi voi cac ap ké pittong co PKDBD < 0,015 % phai tién hanh do nhiét do pittong-
xylanh.

- Bom tao ap suét tuyét di dugc sir dung ciing véi thiét bi do chan khong dé tao moi
truong ap sudt tuyét doi.

- Bom hut chan khéng str dung khi hiéu chuan cac UUT Ia &p ké pittdng do ap suat
chan khong hoac &p suat tuyét doi.

6.2 Ngudn &p suat:

6.2.1 D6i vai &p suat khi:

- Sir dung ngudn khi khd va sach ¢ nhiét d6 gan nhiét o méi truong.

- Sir dung van diéu ap diéu chinh &p suit vao cho t&i gidi han &p suat can hiéu chuan.

- Lam sach chit long trong 6ng ndi.

6.2.2 D6i vai &p suat tuyst doi:
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- Str dung bom co hoc, ¢6 bay loc.

- Dung bom tao 4p suat tuyét doi dé tao 4p suat tuyét déi nho hon 10 Pa & budng chan
khéng.

- Po ap suét chan khdng sau khi &p suat tuyét ddi trong budng chan khéng di 6n dinh
6.2.3 D4i véi &p suat chat long:

- Su dung chat long theo khuyén céo cua nha san xuét.

- CO thé sir dung bo chuyén doi chat long/chat long khi méi trudng truyén &p suat cua
chuan va UUT khéc nhau.

- Lam sach céc chit long khéc trong hé thong.

- Loai bo céc bot khi trong hé thng tao &p suat.

6.3 Yéu cau lap dit:

- UUT phai dé trong phong thi nghiém it nhat 12 gio trude khi tién hanh hiéu chuan dé
dat sy can bang nhiét do.

- Trong trudng hop can thiét, thdo cum pittdng-xylanh ra khoi hé thong theo trinh ty
huéng dan ky thuat cua nha san xuat, dung xa phong tinh khiét riza sach bé mat
pittdng-xylanh, sau d6 dung vai khd mém lau khd. Kiém tra do an mon va céac vét tray
xudc bé mit cong tac cua pittdng-xylanh. Sir dung dau sach dé boi tron pittong-xylanh
(4p dung d6i véi ap ké pittdng khi kiéu boi tron bang dau).

- Céch ly cac thiét bi gay mat on dinh khong khi nhu quat thong gid, diéu hoa.

- Lap dat va ndi UUT véi ap ké pittdng chuan.

- Ban dat cac ap ké pittdng phai cang, khong co rung dong khi dat toan bo tai trong,
Kiém tra thang bang nivo.

- Lap dat sao cho muc chénh Iéch diém méc co s¢ &p suat cua hai thiét bi 12 nho nhat.

- Kiém tra phuong thang ding cua pittdng theo khuyén cdo cua nha san xuat: dung
nivo gan trén thiét bi hoic cia phong thi nghiém dat trén dia can gdc dé diéu chinh.
Dit tat ca cac qua can 1én dia can gbc va dit nivo 1én trén cung dé kiém tra lai.

- Dung 6ng ndi ngan, tiét dién rong (yéu cau ndy quan trong tai dai ap suat thap).

- Lam sach, lau khd cé&c qua can (dam bao khdng bam dinh tap chat).

- Pam bao cac ong néi sach va kin.

- Lap dat cac 6ng ndi thich hop kiém soat dong chay ty nhién chat long trong ong.

- Lap dat phuong tién do nhiét do phd hop vao hé théng.

- Phai kiém tra do sach cua dau. Néu khong dat yéu cau, phai d6 hét dau trong hé
thdng ra va nap dau mai vao hé théng.

- Kiém tra hoat dong &p ké pittdng & 50 % giéi han do trén. Néu pittdng hoat dong
binh thuong thi tiép tuc kiém tra & 100 % gigi han do trén.

- Xac dinh méc co s &p suat chuan cuaa hai ap ké pittdng. Mdc co sd nay thuong duoc
xac dinh tai day cua pittdng khi & pitténg vi tri can bang. Chénh léch chiéu cao méc co
s& &p suat nén duoc giam thiéu nhat co thé va si dung cong thic (6); (7) dé tinh toén.

- Dbi vé6i ap suat tuyét ddi, phai dung bom chan khéng hut trude 30 phat dé hoi nuéc
thoat hét ra khoi budng. Dung Nito kho 1am chat khi cong tac.
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- So dd ghép ndi ap ké pittdng chuan vai UUT: ap ké pittdng chuan duoc ghép ndi Véi
UUT ché d6 do ap suat twong dbi va tuyét ddi, bé tri theo hinh 1 va hinh 2.
Thiét bi xac dinh
vi tri pittdng
H H Ap ké pittdéng chudn Binh diu

l—"‘\"
Sensor do
dd cao r bl é.
| L

K‘Uan thé tich

khéng ddi

f{.p ké pittdng
can higu chuan

Bom tao ap

Hinh 1. Ap ké pitténg chuan dwoc ghép néi véi UUT ché do do ap suit twong doi

Thiét bi xac dinh Bom tao ap suat
Wi tri pitténg tuyét doi

Ap ké pitténg chudn Binh dau

Ap ké pitténg
can hiéu chuan

L1

N

L

) dd cao fi
———— | — - i
| U
V4 @ Van thé tich V£®‘ )

khong dbi

Bom hit chén khdng i—@ @ ® —
V5 V3 V1

Bom tao ap

P

Hinh 2. Ap ké pittdng chuan dwec ghép néi véi UUT ché do do ap suit tuyét doi

7 Tién hanh hiéu chuan

7.1 Kiém tra bén ngoai
Phai kiém tra bén ngoai theo c4c yéu ciu sau day:
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- UUT phai c¢6 day du céc chi tiét thanh phan.

- UUT c6 day du cac ki ma hiéu, s6 ché tao, hang san xuat, pham vi do va gia tri gia
toc trong trudng cong bd cua nha san xuat.

- Trén céc qua can duoc ghi khic gia tri 4p suat hodc khdi lugng danh nghia twong
rng. C4c qua can cd cing gia tri danh nghia phai c¢6 hinh déng, kich thudc gidng nhau,
khéng bi ri, xudc va khéng dugc bam dinh vao nhau.

7.2 Kiém tra k¥ thuat
Phai kiém tra ky thuat theo cac yéu cau sau day:

Trudéc khi tién hanh cac phép kiém tra ky thuat, phai lap dat va dua UUT vao trang thai
san sang st dung (theo yéu cau cta muc 6.2)

7.2.1 Kiém tra phuong cua lyc tac dung va do vubng goc cua dia can gbc voi truc cua
pittbng:

- Dung bom nén dua pittong 1én vi tri lam viéc.

- Pit nivo 1én dia can goc Kiém tra theo hai hudng vudng goc véi nhau.

-Po léch vuot qua 5° thi phai diéu chinh cho dat yéu cau.

7.2.2 Kiém tra do kin cua hé théng tao méi truong &p suat.

Doi voi UUT do ap suét du, tuyét doi thi phai kiém tra do kin ¢ gisi han do trén, doi
véi UUT do ap suat chan khéng thi phai kiém tra d6 kin ¢ giéi han do dudi.

Kiém tra do kin dugc tién hanh qua cac budc sau: ’ ,

- Sau khi da tién hanh cac budc kiem tra 7.2.1, tao &p suat toi &p suat giGi han va chiu tai
15 phdt. Bo giam ap suat phai dat yéu cau quy dinh tai muc 3.3, muc 3.4 caa bang 2.

- Duy tri 4p suat & gié tri gioi han, dung ddng hd bam giay, 5 phit xac dinh toc d6 ha
cua pittong do, duoc Ki hiéu la V.

- Poéng van dé tach biét giira hé théng tao 4p va pittdng/xy lanh. Cha y phai chinh dé
pittdng & vi tri lam viéc.

- Xac dinh toc d6 ha cua pittong do (Vyp).

- Téc d6 ha Vi, khong dugc I6n hon 110 % toc do ha Vi,

7.2.3 Kiém tra thoi gian quay tu do cua pittdng.

Thoi gian quay tu do la khoang thoi gian ma pitténg tu quay trong xylanh do sau khi
né di dat mot van téc goc nhat dinh va khéng cé ngoai luc tac dung thém.

Thoi gian quay ty do cuaa pittong duge xac dinh trong cac diéu kién sau:

- Mai truong truyén &p suat phai phi hop véi méi treong ma nha san xuat quy dinh.

- O 4p suat bang 20 % gidi han do trén.

- Van téc goc ban dau 1a (30 + 1,5) vong/phut

- O nhiét do tiéu chuan cua pittdng/xy lanh hoic léch véi nhiét do tiéu chuan dugc
nha san xuat quy dinh.

- Xac dinh thoi gian quay ty do khi pitténg quay cting chiéu va nguoc chiéu kim dong
ho.
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Truong hop chénh léch nhiét do caa pittdng/xy lanh 16n hon 3 °C so véi nhiét do
chuan, thoi gian quay tu do dugc tinh bang cong thic sau:

=T, @
n
Trong do:
t  thoi gian quay tu do ¢ nhiét do tiéu chuan (phat)
1.  thoi gian quay tu do ¢ nhiét d6 t (phat)
n  d6 nhot dong cia méi truedng truyén ap suat ¢ nhiét do tiéu chuan
Nt d6 nhét dong ciia méi trudng truyén ap suat & nhiét do t
Sai s6 cho phép cua cac phép do ddi véi:
- Thoi gian quay te do la: £ 10 s
- Nhiét ¢6 moéi trudng truyén ap suat 1a: + 0,5 °C
- Van toc goc ban dau la: + 1,5 vong/phut
Thai gian quay tu do phai 16n hon hodc bang céc gia tri trong bang 3:

Bdng 3
Gidi han do trén Thoi gian quay tu do (min) ddi vi UUT c6 d6 chinh xac (%)
(MPa) 0,005 0,02 0,05 0,1 0,2
Tir -0,1 dén 6 4 3 2 2 2
Lon hon 6 6 5 3 3 3

7.2.4 Kiém tra toc d6 ha cua pittdng

Téc do ha cua pittdéng duoc xac dinh trong cac diéu kién sau:

- Mbi trudng truyén ap suat phai phi hop véi méi truedng ma nha san xuat quy dinh.

- O 4p suat 100 % gidi han do trén.

- O nhiét d6 tiéu chuan, hoac léch véi nhiét do tiéu chuan ma nha san xuat cho phép.

- Pittong do duoc khoa kin va tach biét khoi hé thdng tao ap.

Truong hop chénh léch nhigt do pittdng so voi nhiét do tiéu chuan 16n hon + 2 °C, toc
do ha cua pittong duoc tinh bang cong thirc sau:

v=v, )
n

Trong do:
V  tbc d6 ha cua pittdng & nhiét do tiéu chuan (mm/min)
V; tbc d6 ha cua pittdng & nhiét do t (mm/min)
n 6 nhét dong ciia méi trudng truyén ap suat & nhiét do tiéu chuan.
Nt d6 nhot dong ciia moi truong truyén &p suat ¢ nhiét do t.
Téc do ha cua pittdng 1a gié tri trung binh caa ba lan do va khong vuot qua 5 % so V6i
gia tri quy dinh ¢ bang 4.

10
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Bdng 4
o Tbc d6 ha (mm/min) ddi véi UUT c6 @6 chinh xéc
Mai truong Gidi han do (%)
truyén ap suat | trén P (MPa)
0,005 0,02 0,05 0,1 0,2
Khi 0,0015<P<1 1 1 2 2 -
Khi P>1 2 2 3 3 -
Chat long -0,1<P<6 0,4 0,4 1 2
Chét long P>6 1,5 1,5 1,5 3 3

7.2.5 Xac dinh d6 nhay cua cua UUT

Do nhay cua cia UUT duge xac dinh khi &p ké pittdng chuan, UUT ¢ vi tri can bang ¢
ap suat bang 10 % gia tri do trén cua doi tugng hiéu chuan. UUT duoc goi la nhay khi
dat mot khoi luong twong duong véi ap suat bang 10 % sai so co ban Ién pittong cua
UUT thi can bang &p suat bi pha v& va do ha cua cac pittdong thay doi ré rang.

7.3 Kiém tra do lwong.

Ap ké pittong dugc kiém tra do ludng theo cac yéu cau sau day:

7.3.1 Xac dinh khi Iucmg dia can gdc, pittdng, cac qua can cua UUT

Khoi luong dia can goC pittdng, cac qua cén cua UUT phai duge xac dinh bang can

Chuan Vva qua can chuan quy dinh tai myc 3.2. Sai s6 khéi lwong tuong di cua dia can
goc, pittdng, cac qua can cia UUT khong dugc vuot qua gid tri ghi o bang 5:

Bdng 5
Y chin xic (o) cia UUT | S12 T8 0 o e et e i LT
0,008 0,5x10°®
0,015 1,5x10°
0,02 1,5x107
0,05 5,0x10”
0,1 16x10°
0,2 16x107

7.3.2 Xac dinh cac thdng sb co ban cia UUT

7.3.2.1 Céc thdng s co ban cia cia UUT bao gom:

As:  Dién tich hiéu dung cua pitténg (m?);

A: Hé sd dan no ap suat (Pa™t).

Cac thdng sb co ban dugc xac dinh bang phwong phép can bang thuy tinh.

11
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7.3.2.2 Vige higu chuan phai tién hanh ¢ s6 céc diém do phan bd trén toan bo thang do
khi tang va giam ap suat theo quy dinh tai bang 6.

Bdng 6
Do chinh xéc (%) cua | SO luong | Gid tri 4p suat tinh bang phan tram (%) so Vi
UUT diém do gidi han do trén cua UUT
0,008 = 0,05 10 10 20 30 40 50 60 70 80 90 100
> 0,05 6 10 20 40 60 80 100

7.3.2.3 Khi can bing ap suat, chénh léch chiéu cao chat long giita hai déy pittong cia
chuan va UUT phai duge xac dinh chinh xac, sao cho sai so do cot chat long gay nén
khong dugc vuot qué 10 % sai so cho phép cua UUT.

7.3.2.4 Trong qua trinh can bang, pittdng phai quay dé d¢am bao nhay va giam ma sat.
Cac pittdng & vi tri can bang ap suat khi: tbc d6 ha cua cac pittdng bang téc d6 ha xac
dinh & myc 7.2. 6. va khi bo vao hoac lay di mot khéi luong trong duong voi ap sut
bang 10 % sai s6 cho phép thi tdc do ha cua cac pittdng thay ddi rd rét hay thé can
bang bi pha v&.

7.3.2.5 Tinh toan cac théng sé co ban cia UUT.

e Ap suat chuan trong ché d6 do ap suit twong d6i duoc tinh theo cong thic:

Z M i,sg[l_ pPaJ +vC,
Ms
Pis = A, (1+ Pt (@, ra et (e -po)o (Pa) ®)
Trong do:
> Mi, - Khdi luong ciia cac qua can, dia can goc, pittdng chuan (kg);
pms - Khdi lugng riéng ciia cac qua can, dia can gbc, pittdng chuan (kg/m®);
A,s - Dién tich hiéu dung cua pittdng cua ap ké pittdng chuan (m?);
As - Heé sb dan ng do ap suat caa pittdng/ xy lanh chuan (1/Pa);
aps - Hé s6 din né nhiét caa pittdng chuan (1/°C);
ocs - Hé sb dan ng nhiét cia xy lanh chuan (1/°C);
ts - Nhiét d6 cua pittdng/xy lanh chuan (°C);
ter - Nhiét do tiéu chuan: 23 °C;
y - Hé sd stc cang bé mat cua chat long (N/m);
C; - Chu vi cua pittdng chuan (m);
pr - Khéi lugng riéng cua chat long (kg/m®);
h - Chénh léch chiéu cao cot chat long giita hai day cua pittdng chuan va pitténg
caa UUT (m);
p. - Khdiluong riéng cua khong khi duoc tinh theo cong thirc sau:
3,4844P, —H (0, 00252t -0, 020582)
1000(t +273,16)

b (4)
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P, - Ap suat khi quyén (Pa);
H -Do6am tuong d6i cia moi trudng khong khi (%);
t - Nhiét d6 moéi trudng khong khi (°C);

gi - Gia toc trong trudng noi do.
e Ap suat chuan trong ché do do ap suat tuyét ddi, do ap suat dugc biéu dién nhu sau:
Pabs = Pi,s tu (Pa) (5)
Trong do:

P.ss 12 4p suat tuyét ddi tai day pittdng (Pa);
u  1a phan ap suét du trong budng chan khong tuyét doi;
Vi tri déy cua pittdng khi can bang la tring voi véi mde co so 4p suat khi can bang.
bac biét cha y khi stir dung phuong phap hiéu chuan cho loai thiét bi nay.
Khi &p suat p,, biéu dién tai diém khac moc co s &p suat, can co diéu chinh (ap suat
bu) duoc thém vao, ap suat duwoc biéu dién nhu sau:
Déi vai ap suit tuong doi: Pm = Pet(ps - pa).g-AN (Pa) (6)
Ddi véi ap suat tuyét doi: Pm = Pavstps .0.AD (Pa) (7
Trong d6: Ah la chiéu cao chénh léch mdc co so gitra 2 4p ké pittong
Dién tich hiéu dung cua pittdng caa UUT & ap suét P; duogc tinh bang:

Mi,tg 1- paJ + th
Zi: ( (p; —p,)gh

Pt
A= ’ 1+ 8
’ Ps,i ll + (a’p,t + ap,t Xtt - tref )J Ps,i ( )
Va A=A, (1+2P) (9)

Tir cac két qua xac dinh khdi luong qua can ¢ cac diém can bang ap suat, dién tich
hiéu dung A, hé §6 ddn no ap suat pittdng A, caa UUT dugc tinh theo phuong phap
binh phuong cuc ticu Y =a + bX (xem phu luc 2) nhu sau:

TXTY, -TX XY,
= 10
I (X’ 40
XY = XY,

b:nz I; Z IZZI (11)

nzxi - (in)

Hé s6 twong quan tuyén tinh R duoc tinh bang:
R = nZXiYi _ZXiZYi (12)
\/.nz:Xi2 —(in)z__nZYf _(ZYi)Z.

-KhiR<0,8

A, =A= ZnAi 13)

rA=0
-KhiR>0,8

13
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A, =a
b
LA,
8 Uéc lwgng PKDBD cua UUT
8.1 PKPBP kiéu A:
8.1.1 Truong hop R<0,8
DKPBD kiéu A cua dién tich hiéu dung dugc tinh bang :

> (a,-Af
n(n—1)
DKPBD kiéu A tinh theo gia tri 4p suat p duoc tinh bang:

u, =

u
uA(p): AA xp

ot
8.1.2 Truong hopR >0,8
DKDBD kiéu A cua dién tich hidu dung duoc tinh bang:
D¢ lech chuan cia Y 12 Sy:
Y. —a—bX)?
5, - [0

n-2

Do léch chuan cuaala S,

X
S =S x
Y \/HZXf—(ZXi)Z

Do léch chuan cuab 12 Sy

n
S, =S
Y J Ny X (X))’
H¢ tuong quan r(a,b) dugc tinh:
X
r(a’ b) — _L
JnY_X?

Do khong dam bao kiéu A cua dién tich hiéu dung duoc tinh bang:

U, =+/S? + X282 +2X,S,S,(a,b)
PKPBD kiéu A tinh theo gia tri &p suat p duoc tinh bang:

u..
Uy (p) = AAI

xp

ot
8.2 PKPBD kiéu B gom:

- DPKDPBD ciia &p suat chuan.
- bKDBD cua luc tac dung Ién pittdng cua UUT.
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8.2.1 PKDPBD cua gi4 tri 4p suét chuan us(p) gdm cac thanh phan dugc tinh nhu sau:
1/ Do lap lai gi4 tri &p suat chuan uy(p) lay tr gidy chirng nhan hiéu chuan hoic lay tir
tinh toan thuc nghiém cho timg diém do.

Ue,)., 24)

u,(p)=p,, +

Luru Y: Pos la dg léch &p sudt cua chuan tai diém ap sudt p = 0 do cdc dai lrong anh
hwong gay ra.
2/ DKPBP dién tich hiéu dung u,(p) lay tir gidy chang nhan hiéu chuan (k = 2)

P U(A,;)
A k

0s

u, (p) = (25)

3/ DPKPBD hé s6 dan né ap suat us(p) lay tir gidy ching nhan hiéu chuan (k = 2)
UQ,)

Us(p)=—|02><T (26)

4/ DPKDBP khéi lugng qua can, pittdng u,(p) lay tir gidy chitng nhan hiéu chuan (k = 2)
__b U(Ms) 27
u,(p)= M X K (27)

5/ PKPBD nhiét do pittdng/xy lanh us(p). Nhiét do pittdng/xy lanh do tryc tiép voi
diéu kién nhiét do duy tri trong khoang + 1 °C va DPKDBD c6 thé duoc 1y bang: U(t)
=2°C.

u4m=pxwm+mngg (28)

6/ DPKDBD hé s6 din na nhiét ug(p). PKDBD cuia hé s6 dan na nhiét cd thé lay bang
10 % va do léch so véi nhiét d chuan 1a 2 °C.

At
uG(p): ps x U(ap,s _ac,s) X? (29)

7/ DPKDBD gia téc trong truong u;(p) lay tir gidy chirng nhan hiéu chuan. Truong hop
gia toc trong truong tinh theo vi do, do cao so voi mat nudc bién cia noi do thi U(g)
c6 thé 1y bang: U(g) =1.10°x g, k =3

k
Cong thirc tinh gia tdc trong truong theo vi 6 va do cao so voi mat nudc bién:

g,=9,7803184x {1, 0+] 0,0053024xsin’ (6) || 0,0000059xsin’ (29)]} ~0,000003086xH (31)

uxm=%x3@- (30)

Trong d6: g, - Gia téc trong truong noi do (m/s?)
0 - Vido noido (°)

H - Do cao noi do so véi mat nudc bién (m)

15



DLVN 289 : 2016

8/ DPKDBD khdi luong riéng khong khi ug(p) . Gia tri cua khéi lwong riéng khéng khi
& diéu kién tiéu chuén 1a 1,2 kg/m®, nhung do ap suét khi quyén, nhiét d6 méi trudng,
d6 4m twong ddi thay d6i nén khéi luong riéng khong khi cé thé thay d6i tdi da £ 5 %
va DPKBBD khéi lugng riéng khong khi cé thé ldy bang: U(p,) = 5,0.102x p,, k =3

P Uk.)
(Pus—P.) K (32)
9/ DPKPBD chénh 1éch chiéu cao cot mdi chat truyén ap suat (chat 1ong) ue(p), téi da
bang:

Ug(p) =

U(Ah)= 2mm, k=3
Ug(P)=ps xgx——= ( ) (33)

10/ BPKDBD lyuc tac dung theo phu’cmg thang dtng Use(p). Luc tac dung theo phuong
thang dtng: F” = F x cos0. Trong trudng hop khi 6 < 0,5 DPKPBPD theo 0 uéc luong
bang:

U(®) = 5,82.10™ rad va Iy theo phan bé hinh chit nhat.

ulo(p)szsinesx%zs) (34)
11/ PKPDBD khéi luong riéng cac qua can uy(p), k = 2
U
Uy (p) = P Do) (35)
pMs k
12/ PKPBD khéi luong riéng moi chat truyén &p suat u(p), k = 2
pS AO,S x h U
()= P (36
13/ DPKDBD chu vi pittong u3(p), k = 2
X U(C
Uys(p) = MYS (k :) (37)
14/ DPKDBD hé s6 strc cang bé mat uy4(p), k = 2
pxC, U(Y) 38
)= e (38)

S

DKDBD tong hop gia tri 4p suat chuan ug(p):

U, () = /U7 (p)+ U3 (p)+ ..+ UL (P)+ U, (P) (39)
8.2.2 DPKPBD lyc tac dung Ién pittdng cua UUT u(p) bao gom:
1/ DPKDBD dién tich hiéu dung uy(p) duoc 14y tir két qua hiéu chuan (k = 2)

px U(AO,T)
KxA 1

u,(p)= (40)
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2/ DKPBPD hé s6 dan nd &p suat ux(p) duoc lay tir két qua hiéu chuan (k = 2)

UL

()= L) (@)

3/ DPKDBD khéi lugng qua can va pittdng us(p) duoc lay tir két qua hiéu chuan (k = 2)
p . UM,)
= 42
u;(p) M, X K (42)
4/ DPKDBD nhiét do pittdng/xy lanh us(p), U(t) = 2 °C.
u(t
u4(p):px(ap,T _'_(’“(:,T)>< \(/ET) (43)

5/ DPKPDBD hé sb dan no nhiét us(p). PKDBD hé sé ddn né nhiét c6 thé lay bang 10
% va do léch so véi nhiét do chuan 1a 2 °C.

At

us(p)szu(ap: +O‘c,T)X? (44)
6/ DPKDBD gia toc trong truong us(p), k = 3

s (p)= 229 (45)

g k
7/ PKDBD khéi lugng riéng khong khi u;(p), k = 3
Y U(p.)
u,(p)= X —2 (46)
' (Pw, —Pa) K

8/ PKDPBP luc tac dung so véi phuong thang ding ug(p).

Ug(p) = pxsind, x% (47)

9/ PKDBD khéi lugng riéng cac qua can ug(p), k = 2

|0>;pa y Uwr) (48)

Ug(p)= K

MT

10/ PKDBD chu vi pittdong uy(p), k = 2

)= 2 A (49)
11/ DPKPBD hé s6 strc cang bé mat uy4(p), k = 2

udp)=%x@ (50)
8.2.3 PKPBD tong hop cua luc tac dung 1én pittdng cua doi tuong hiéu chuan ugr(p):

U, (P) = U5 (P)+ U3 (P)+ ..+ U, + U5y () (51)
8.2.4 DPKPBD tong hop

U ()= U (p)+ul(p)+u? (p) (52)
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8.2.5 bKDBBD mo rong

Uao(p)=kxu(p) (k=2) (53)
8.3 Sai sd &p suit tinh theo gia téc trong trudng tai noi do (g)) so vai ap suit danh
nghia (g)

Ap=Aﬂx(gs—g.) (54)

ot
Néu &p suit danh nghia trén qua can dugc ghi khic theo gia téc trong truong noi do thi
sai s6 &p suat tinh theo gia tc trong trudng tai noi do (g) bang 0.
8.4 P chinh xac (sai s6 twong ddi) cuia ap ké pittdng tai noi do (g;) duoc tinh bang:
Ap) +(U,.(p)f
o V@) +U,e)f 55
p

Néu &p suat danh nghia trén qua can duoc ghi khic theo gia téc trong truong noi do thi
d6 chinh xac cua ap ké pittdng tai noi do (g)) duoc tinh bang:
Uep (P)

p

o= % (56)

9 Xir ly chung

9.1 Ap ké pittdbng sau khi hiéu chuan néu dat cac yéu cau quy dinh tai muc 7 va muc 8
thi duoc cap ching chi hiéu chuin (tem hiéu chuan, gidy ching nhan hiéu chuan,...)
theo quy dinh.

Trong gidy chitng nhan hiéu chuan phai cong bd do chinh xac ap dung gia téc trong
truong tai noi do so véi gia tri 4p suat danh nghia theo muc 8.4 va cac dic trung k¥
thuat sau:

- Khéi lwong cac qua can, dia can gbc; quy doi ra ap suat theo gia toc trong trudng noi
hiéu chuan.

- Cong thire tinh ap suét.

- Dién tich hi¢u dung A, ; DPKDBD mé6 rong A, ¢, hé ) phu k.

- Hé s6 dan né 4p suét pittong A;cua UUT.

- DPKDBD 4p suat UUT.

- Gia toc trong truong va diéu kién méi trudng noi hiéu chuén.

9.2 Ap ké pitténg sau khi hiéu chuin néu khong dat mot trong cac yéu cau trén thi

khong cap chiing chi hi€u chuan méi va x6a dau hi¢u chuan cii (néu co).

9.3 Chu ky hiéu chuén cua 4p ké pittdng 1a 24 thang.
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Tén co quan hi¢u chuan

BIEN BAN HIEU CHUAN
............................... SO: ..o

Phu luc 1

Kiéu: So:

Co s¢ st dung:
Phuong phap thuc hién:

Chuan, thiét bi chinh duoc st AUNE: e

Nguoi thyc hién:
Pia diém thuc hién:

KET QUA HIEU CHUAN

1 Kiém tra bén ngoai:

- Céc thong sd, gidy to: L1 Pat
- Cac chi tiét chinh: Khéi luong O Pat
Pittdng/xy lanh do [ Pat
Bom tao ap L1 Pat

2 Kiém tra ky thuat:

2.1 Phwong cia lyc tac dung va dg kin

[J Khong dat
[J Khong dat
[J Khong dat
[J Khong dat

Cac dac trung Dat Khong dat
Kiém tra phwong thang ding cua lyc tac dung
Kiém tra do vubng goc giita dia can goc va pittong
Kiém tra d6 kin
2.2 Theoi gian quay tw do
Két qua i4 tri i4 tri
Nhiét do = - Gia tri ciati
Chiéu ddng hd Nguwgc chiéu trung binh | chuyén doi
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2.3 Téc dp ha pittdng

Nhiét a9

Két qua

Gia tri trung

Luwot 1 Luwot 2

Luwot 3

binh

Gi4 tri chuyén

doi

3 Kiém tra do luong:

3.1 Khoéi lweng c4c qua can

_|
_|

Khéi lwong

Tén, ma | hodc 4p suit

danh nghia
(kg)

Khéi lwong qua can (kg)

Canlan 1

(kg)

Can lan 2
(kg)

Can lan 3

(kg)

Sai s6 khoi
lwgng qua
can (kg)

OO N[O O] | W] N| -

JEnY
o

|
|

RN
N

JEnY
w

H
o

JEnY
o

[EEN
(o]

-
\l

JEny
(00}
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3.2 Két qua can bing ap suat

Chuan PK méi trueong Péi twong hiéu chuin
Qua
Ap | Qui ] ) can ’
T suat | cin d,at So Nhlc;t Nhiat ) AE d‘f_\lt So NhlAg:t
danh | trén ap | gam do ~ . | PO | suat | trén | gam do
- X A e do mol | z . £ A P
nghia ke thém | pittong | , am | Khi doi | thém | pittong
fen N - trueong Z R .
pittong | vao | xilanh qguyen | twong | vao | xilanh
chuan hi¢u
chuan
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
4Kétluéjn: _______________________________________________________________________________________________________________________________________
Nguoi soat lai Nguoi thue hién
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Phu luc 2

HUONG DAN UGC LUQGNG PQ KHONG PAM BAO PO LOAI A
TRONG HIEU CHUAN AP KE PITTONG

1 Sir dung phwong phap binh phwong nhé nhét
Néu coi gia tri chi thi trén dung cu chuéan Ia X va gia tri chi thi trén dung cu do 1a Y thi
mMoi twong quan ly tudng nhat gitta X va Y dugc biéu thi bang biéu thuc:
Y =X (1)
MSi dung cu do déu c6 mot pham vi sai s6 nhat dinh, nén mot cch tong quat mdi twong
quan gitra cac gia tri chi thi trén chuan va trén dung cu do dugc thé hién bang biéu thic:
Y =a+bX (2)
Gi@ sur cO Cac gia tri do dugc ¢ n diém do phan bd déu trén toan bo thang do, trén mat
phang XY dugc the hién bang n cap (XiYi):
(X1,Y1) 5 (X2, Y2) i, (XnYr) (3)
V& mot duong thang gan nhat véi cac diém nay sao cho tong binh phuong cua cac doan
thang vudng géc voi truc X noi tr cac di€m do den duong thang trén la nho nhat. Buong
thang nay duoc goi la duong thang dong quy cua cac gia tri Y doi vai cac gid tri X.
Phuong phap toan hoc cua né dugc Gauss phat minh va dugC goi la phuong phap binh
phuong nhé nhat.
Trén mat phang XY, tir dudng thang

Y =a+bX 4)
Poan thang vudng goc dén cac diém (Xi,Yi) la
| Yi-(a+bX;) | ()
Tong binh phuong cua cac doan thang vudng goc dén cac diém (Xi,Yi) laq:
q=2 (Yi-(a+bX))’ (6)

Nhu vay g lahamsbciaa &b
Dé q 1a nho nhét thi dao ham riéng bac nhat cua q theo cac tham sb a & b phai bang 0.
aq

oy~ 22 (Y —a=bX) =0 ()
o
a—gz—ZZXi(Yi—a—in)zo (8)
Hay 2(Yi-a-bX)=0
>Y; = na + bYX; )
SX(Y;-a-bX;) =0
YXY; = a¥X; + byX? (10)

Moi gia tri Xi khdng hoan toan nam trén duong thang Y = a + bX nén tir hé phuong trinh
2Yi = na+ bXX

XY = a¥X; + bXX? (11)
22



Giai h¢ phuong trinh (15) duoc
XEHY, =YX D XY,
azz |Z |2 2 |zz i (12)
nzxi - (zxi)
N XY - X>Y.
p— "2 'QEZ'ZQ (13)
nzxi - (in)
Hé s6 hoan vi R thé hién mdi tuong quan giita X va 'Y
Ta co: Y =a+bX
Néu hoan vi Y< X ta co:

X=a+bY (14)
“ZXaYi _ZXiZYi

b = 15

Y (V) (49

Khi X va Y khong twong quan thi duong thang binh phuong nho nhét 14 duong thang nam
ngang(song song Vvai truc hoanh) va b’ = 0.

Mat khac:
X=a+by¥Y = (16)
a1
=—2+=X 17
Rl 17)
Hay : bxb’=1 (18)

Khi X va 'Y khong twong quanthib=0 ; b’ =0.
Goi R 1a hé s6 twong quan tuyén tinh thi;

R=bxb' (19)

2= _%j (20)

b= (21)

o N> XY, -3 X DY, 22)

\/_nZ:Xi2 _(in)z__nZYiz _(ZYi)z_
Gidi han cua hé sé twong quan tuyéntinh 1a; -1<R<1

Néu R = % 1 thi quan hé twong quan giira X va Y 1a hoan toan va tit ca cac diém déu nam
trén duong thang.

Néu R = 0 thi giita X va Y khéng c6 quan hé tuong quan.
2 Phan biét hai tredng hiéu chuin
2.1 Truong hop R < 0,8:

Hau nhu khéng c6 sy ddn né cua pittdng va xy lanh do ap suat, do d6 A =0 hay b =0,
diéu d6 co nghia 1a du ap suét co tang thi dién tich hiéu dung cua pittong ciing khong thay
d6i. Néu goi ap suat tac dung Ién pittdng la Y va dién tich cua pittdng 1a X thi gitra X va Y
khong c6 quan hé tuong quan.
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Truong hop nay dién tich hiéu dung cua pittong duoc tinh bang trung binh cong caa dién
tich pittdng ¢ cac diém do:

AM:A:Z?i 23)

DKDBD kiéu A trong truong hop nay duoc tinh bang:
A -Af
UA _ Z( i ) (24)
n(n-1)
2.2 Truong hop R >0,8:

Dusdi tac dung cua ap suat pittdng va xy lanh bi dan né, su din ng d6 phu thudc vao &p
suat tac dung va dién tich hiéu dung cua pittong dugc tinh theo cong thic:

Ai = A (1+21P) (25)
Truong hop nay tuong ung voi R > 0,8 cua phuong phap binh phuong cuc tiéu.
Néu coi dién tich hiéu dung 13 Y va &p suat tac dung 13 X ta c6 duong thang

Y=a + bX
nhu vay: Aji=a (26)
b
A, = 27
=R (27)

o,t

ZX?ZYi _ZXiZXiYi
R S0 Ok (28)
YXY, =YX Y,

b= (29)

nzxf - (in)z

Do léch chuan cua Y 1a Sy:

Sy :\/Z(Yi ;i;bxi)z (30)

Do léch chuan cuaala Sg;

DX
S =S x 31
: Y \/nEXf—(E X.)? (31)

Do léch chuan caa b 1a Sy;

n
S, =S 32
: nynZX?—@xi)z (32
Ngoai ra giira a va b c6 quan hé tuong quan duoc xac lap theo biéu thic:
X
r(a,b) = 2% (33)

Jn_X?

24



Do khong dam bao kiéu A trong truong hop nay (Y = a + bX) la:

U, =+/S?+X?S2 +2X,S,S,r(a,b) (34)
3. Vidu
Tinh DPKPBD trong hiéu chuan ap ké pitténg
Chuan RUSKA 2465
Ao (M?) = 1,96x10™
U(Ags) (M%) = 3,73x10°
A - hé sb no pittdng va xy lanh do p suat (1/Pa) 7,80x10™
Hé sb nhiét cua pittdng va xy lanh chuin (1/°C) 9,10x10°®
Hé s6 stc ciang bé mat (N/m) 0,03093
Khéi luong riéng caa khdng khi (kg/m?) 1,2
Khéi lwong riéng cac qua can caa chuan (kg/m®) 8000
Khéi lwong riéng cac qua can cua ap ké do (kg/m°) 8000
Khéi lwong riéng caa chat long (kg/m®) 912
Gia téc trong trudng g (m/s®) 9,78668927
Chiéu cao cot chat long (m) 0,089
Hé sé nhiét cua pittdng va xy lanh do (1/°C) 9,10x10°
Ap suit chuan dwoc tinh theo cong thirc:
ZML{L Pa Jgi +4C,
i AL+ (o, + ac)s(zs— te )1 +2P) +Padha (35)
Ai = Ag(1+AP) (36)
F
A = F: (37)
Ap suat chuan duoc tinh theo cong thic:
P, = R +py0h (38)
A, @Q+rp) T
ZML{Lpani +9C,
Luc F, tac dung 1én pittdng chuan: F, = i me (39)

+ (ap,s + ac,s)t (tT - tref )J

Trong do:

> Mi,: Khéi lugng ciia cac qua can, dia can gdc va pittdng chuan (kg);

pms. Khdi lrgng riéng cua cac qua can, dia can gbe va pittdng chuan (kg/m’);

A, : Dién tich hiéu dung cua ap ké pittdng chuan (m?);
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A - Hé 6 dan né do &p suét caa pittdng va xy lanh chuan (1/Pa);
a, : Hé s6 dan né nhiét caa pittdng chuan (1/°C);

a. : Hé sb dan no nhiét caa xy lanh chuan (1/°C);

t; : Nhiét do cua pittong va xy lanh chuan (°C); tes =23 °C;

y : Hé s sirc cang bé mit cua chat long (N/m);

C, : Chu vi cua pittdng chuan (m);

pa - Khdi lwong riéng cua chit long (kg/m®);

he : Chénh léch chiéu cao cot chét long giira hai day cua pittdng chuan va pittdng can hiéu
chuan (m);

p.: Khéi luong riéng cua khong khi 1a mot ham sé caa ap suat khi quyén, d6 am twong doi
va nhiét d6 moéi truong va duoc tinh theo cong thac sau:
_3,4844P, —H(0,00252t —0,020582)
- 1000(t +273,16)

Pa (40)

P.: : Ap suat khi quyén (Pa);
H : D6 am tuong d6i caa moi trudong khong khi (%);
t: Nhiét d6 moi truong khong khi (°C);
gi : Gia toc trong truong noi do 1a ham sé cua vi do va do cao so véi mat nude bién cia noi
do. Truong hop khdng cé gia tri thuc cua gia toc trong trudng noi do ta c6 thé tinh gan
dung gia tri d6 theo cong thirc sau:

0, =9,7803184x{1,0+[o,0053024xsin2(e)]—[o,ooooosgxsinz(29)]}—0, 000003086xH  (41)
0: Vi do noi do;
h: Do cao noi do so vai mat nudc bién (m);
Luc F, thc dung 1én pitténg can hiéu chuan:

ZMH[].— Pa Jgi +7Ct

F _ pm,t
(o o) ()]

(42)

Trong do:

M Khdi lwong cta cac qua can, dia can gdc va pittdng can hiéu chuan (kg);

pms. Khdi lwgng riéng cia cac qua can, dia can gbc va pittdng can hiéu chuan (kg/m®) ;
a,p: HE s6 ddn né nhiét ciia pittdng can hi¢u chuan (1/°C);

a: Hé sb dan né nhiét caa xy lanh can hiéu chuan (1/°C);

C: : Chu vi cua pittdng can hiéu chuan (m).

Két qua (xem bdng dudi day)
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o Chuan Piéu kién méi truong Péi twong hiéu chuan
deﬁlijl flugz}iltia o $6 gam Nhietdo | Nhietdo boim | Apsudtkni o $6 gam Nhit do
(bar) Qua can so thém pittdng mdi trudng o quyén Qua can so thém pittdng
) o) o) CRE) 1 (hea) B o)
5,00 G.1.2.21.23.25. 1285 19 19,2 60 1009,8 G.1 0 19
10,00 G.1.2.3.4.21.23.25. 154 19 19,3 60 1009,7 G.1.2. 0 19
15,00 G.1.2.3.45.6.21.23.25. 180 19 19,3 59 1009,6 G.1.23. 0 19
20,00 G.1.2.3.4.5.6.7.8.21.23.25.26. 6,5 19 19,4 59 1009,6 G.1.2.34. 0 19
25,00 G.1.2.3.4.5.6.7.8.9.10.21.23.25.26. 32,4 19 19,4 59 1009,6 G.1.2.3.45. 0 19
30,00 G.1.2.3.45.6.7.8.9.10.11.12.21.23.25.26. 58,6 19 19,5 59 1009,6 G.1.2.34.56. 0 19
35,00 G.1.2.3.45.6.7.8.9.10.11.12.13.14.21.23.25.26. 84,7 19 19,5 59 1009,5 G.1.2.345.6.7. 0 19
40,00 G.1.2.3.45.6.7.8.9.10.11.12.13.14.15.16.21.23.25.26. 111 19 19,6 59 10094 | G.1.2.3.456.7.8. 0 19
45,00 G.1.2.3.45.6.7.8.9.10.11.12.13.14.15.16.17.18.21.23.25.26. 137 19 19,6 59 1009,3 G.1.2.3.45.6.7.8.9. 0 19
50,00 G..1.2.3.4.5.6.7.8.9.10.11.12.13.14.15.16.17.18.19.20.21.23.25.26 160 19 19,7 59 1009,2 G.1.2.3.45.6.7.8.9.10. 0 19
Tinh dién tich hiéu dung A«(p)
Ms(kg) M(kg) Fs(N) AO(L+AP) (m?) P (Pa) Penit1ong(Pa) Pstandara(P2) F(N) A(m?)
5,00 1,042860E+01 4,287040E+00 1,020550E+02 1,961400E-04 5,203190E+05 -7,943660E+02 5,211130E+05 4,195360E+01 8,050770E-05
10,00 2,045420E+01 8,403540E+00 2,001650E+02 1,961400E-04 1,020520E+06 -7,943660E+02 1,021320E+06 8,223740E+01 8,052100E-05
15,00 3,048030E+01 1,252020E+01 2,982800E+02 1,961400E-04 1,520750E+06 -7,943660E+02 1,521550E+06 1,225220E+02 8,052490E-05
20,00 4,050700E+01 1,663670E+01 3,964010E+02 1,961400E-04 2,021010E+06 -7,943660E+02 2,021800E+06 1,628070E+02 8,052550E-05
25,00 5,053300E+01 2,075340E+01 4,945150E+02 1,961400E-04 2,521230E+06 -7,943660E+02 2,522030E+06 2,030920E+02 8,052720E-05
30,00 6,055930E+01 2,487000E+01 5,926310E+02 1,961400E-04 3,021470E+06 -7,943660E+02 3,022260E+06 2,433770E+02 8,052800E-05
35,00 7,058550E+01 2,898660E+01 6,907470E+02 1,961400E-04 3,521700E+06 -7,943660E+02 3,522500E+06 2,836620E+02 8,052870E-05
40,00 8,061190E+01 3,310320E+01 7,888640E+02 1,961400E-04 4,021940E+06 -7,943660E+02 4,022740E+06 3,239470E+02 8,052900E-05
45,00 9,063880E+01 3,721990E+01 8,869870E+02 1,961400E-04 4,522210E+06 -7,943660E+02 4,523010E+06 3,642320E+02 8,052870E-05
50,00 1,006620E+02 4,133650E+01 9,850730E+02 1,961400E-04 5,022290E+06 -7,943660E+02 5,023090E+06 4,045170E+02 8,053160E-05
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Tinh DPKDBD kiéu A

n Xi(Ps) Yi(At) Xi? Yi? XiY; (Yi-a-bX;)? Ua
1| 5211130E+05 | 8,050770E-05 | 2,715588E+11 | 6481490E-09 | 4,195361E+01 | 8744022E-17 | 2,487181E-09
2 | 1021320E+06 | 8052100E-05 | 1,043095E+12 | 6483631E-00 | 8,223771E+01 | 4543562E-18 |  2,109430E-09
3| 1521550E+06 | 8052490E-05 | 2,315114E+12 | 6484260E-09 | 1225227E+02 | 1,775772E-17 |  1,774076E-09
4 | 2021800E+06 | 8052550E-05 | 4,087675E+12 |  6484356E-09 | 1,628065E+02 | 8,978086E-18 |  1,509662E-09
5 | 2522030E+06 | 8,052720E-05 | 6,360635E+12 |  6484630E-09 | 2,030920E+02 | 8,287333E-18 |  1,358298E-09
6 | 3022260E+06 | 8,052800E-05 | 9,134056E+12 | 6484759E-09 | 2,433766E+02 | 3464066E-18 | 1,358299E-09
7 | 3522500E+06 | 8,052870E-05 | 1,240801E+13 | 6484872E-09 | 2,836623E+02 | 5529281E-19 |  1,509670E-09
8 | 4,022740E+06 | 8,052900E-05 | 1618244E+13 | 6484920E-09 | 3,239472E+02 | 5991032E-19 |  1,774080E-09
9 | 4523010E+06 | 8052870E-05 | 2,045762E+13 | 6484872E-09 | 3,642321E+02 | 8,362134E-18 |  2,109464E-09
10 | 5023090E+06 | 8,053160E-05 | 2,523143E+13 | 6,485339E-09 | 4,045175E+02 | 3,271624E-18 |  2,487118E-09
T 2772141E+07 |  8052523E-04 | 9749163E+13 | 6/484313E-08 | 2.232348E+03 |  1,432568E-16
R=  8096097x10°
a=  8,051516x10%
b= 3,633474x10" I=  4,512782x10™
Sy= 4,231678x10% U= 1,156747x10™
Sa=  2,908036x10°%
Sb= 9,313569x107°
rab)=  -8,878338x10
Uama= 2,487181x10%° ua(P) = 1,609762x10""  Pa
Tinh PKDBD kiéu B
1/ DKDBD ctia chuan tai ap suat p = 5,2111x10*% Pa
ui(p) Pai luong Gié tri dai luong Hé sb do nhay Giatrihésé | U(dai lugng) ui(p)(Pa) u(p)(Pa’)
us(p) P (Pa) 5,21E+05 PostU(ps)/psx p 4,06E-08 2,61E+01 1,06E-06 1,126-12
uz(p) Ao () 1,96E-04 p/2*Ao 1,33E+09 3,73E-09 4,96E+00 2,46E+01
us(p) I (1/Pa) 7,80E-14 pr2/2 -1,36E+11 7,80E-15 -1,06E-03 1,12E-06
Ua(p) M (kg) 1,04E+01 pl2*M 2,51E+04 1,56E-05 3,91E-01 1,53E-01
us(p) (t - toaor) (°C) ao0Ec00 | PHlao a2 3,35E+00 2 00E+00 6,71E+00 4,50E+01
us(P) (3 + a;) (1/°C) 9,10E-06 pr(t-23)/2 -1,04E+06 1,00E-07 -1,04E-01 1,09E-02
ur(p) g (m/s’) 9,79E+00 p3*g 1,70E+06 1,00E-05 1,70E+01 2,89E+02
us(p) ra (kg/m’) 1,20E+00 p3*(rw - 1) 2,17E+01 6,00E-02 1,30E+00 1,70E+00
Us(p) Dh (m) -8,90E-02 rg/3 2,98E+03 2,00E-03 5,96E+00 3,55E+01
Uso(p) a() 5,00E-01 p*sin(0)/v3 4,36E+02 5,82E-04 2,54E-01 6,43E-02
us1(p) mw (kg/m’) 8,00E+03 prra/2*n’ 4,89E-03 2,00E+01 9,77E-02 9,55E-03
us2(p) e (kg/m’) 9,13E+02 P*Ag*Dh/2*M -4,37E-01 1,00E+01 -4,37E+00 1,91E+01
Uss(p) c (m 4,96E-02 P*g/2*g*M 7,91E+01 1,00E-03 7,91E-02 6,26E-03
U1a(p) g (N/m?) 3,09E-02 prCi2*g*M 1,27E+02 1,00E-04 1,27E-02 1,61E-04
2(u?) = 4,15E+02 (Pa)?
Usg(p) = 2,04E+01 (Pa)
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2/ DPKDBD cua luc tac dung 1én pittdng cua dbi tegng hiéu chuan tai 4p suat

p =5,2111x10*" Pa

) . Gia tri dai N X an A U(dai _ 2 2
ui(p) Dai lugng Trong Hé s6 d6 nhay Gia tri hé so Irong) ui(p)(Pa) ui“(p)(Pa?)
uz(p) Ao (m°) 8,05E-05 p/2*Ao 2,10E+01 2,91E-09 6,10E-08 3,72E-15
uz(p) I (1/Pa) 4,51E-11 pr2/2 1,36E+11 1,16E-11 1,57E+00 2,47E+00
Us(p) M (kg) 4,29E+00 p/2*M 1,12E+06 1,56E-05 1,74E+01 3,04E+02
Us(p) (t - traor) (°C) -4,00E+00 p*(a, +a, )2 3,35E+00 2,00E+00 6,71E+00 4,50E+01
us(p) | (ap+ac) (1/°C) 9,10E-06 p*(t-23)/2 -1,04E+06 1,00E-07 -1,04E-01 1,09E-02
u-(p) g (m/s?) 9,79E+00 p/3*g 1,70E+06 1,00E-05 1,70E+01 2,89E+02
ug(p) r, (kg/m°) 1,20E+00 p/3*(rw - 1) 2,17E+01 6,00E-02 1,30E+00 1,70E+00
us0(p) q(% 5,00E-01 p*sin(0)/v/3 4,36E+02 5,82E-04 2,54E-01 6,43E-02
uz1(p) v (kg/m°) 8,00E+03 P*ral2* 4,89E-03 2,00E+01 9,77E-02 9,55E-03
Uz3(p) C (m) 4,96E-02 p*g/2*g*M 1,92E+02 1,00E-03 1,92E-01 3,68E-02
U14(P) g (N/m? 3,09E-02 p*C/2*g*M 3,08E+02 1,00E-04 3,08E-02 9,49E-04

¥(u?)=6,42E+02 (Pa)?
Uer = 2,53E+01 Pa
Uc(p) = 36,3 Pa
Uexp(P) = 726 Pa (k=2)
Do chinh x&c = 00144 % (k=2)
3/ Két qua cuoi cung
Dién tich hiéu dung cua pittong: A, = (8,051516x10° + 2,91x10°%) m?
Hé s6 dan no &p suat: = (4,5x10 + 1,2x10™) 1/Pa
bKbBb: uc= 36,3Pa (k=2)
Uexp(p) = 72,6 Pa (k=2)
M
Ap=A—x(gs -g,)= 10628 Pa
0
Do chinh xac: d= 0,204 %
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Phu luc 3

VIiDU VE UGC LUQONG DPKDBDP AP SUAT
CUA AP KE PITTONG

Danh gia DPKDBD ap suit UUT rét quan trong trong viéc danh gia kha ning do ciia UUT,
DKDBD 4p suit cua UUT cho phép xac dinh duge d tin cay cua &p suat chuan duoc tao
ratoe UUT.

Théng s6 cia UUT duoc hiéu chuan:

Ap ké pittdng P3124-3 cua hing FLUKE, dai do: (10 + 10000) psi

Ay (M?) = 4,03310x10°®

U(Ay) (M?) = 6,2x107
A - hé sb no pittdng va xy lanh do 4p suét (1/Pa) 4,2x10*
Heé sé nhiét caa pittdng va xy lanh chuan (1/°C) 9,10x10°®
Hé s sirc cang bé mat (N/m) 0,03093
Khéi luong riéng caa khong khi (kg/m?) 1,2
Khéi lwgng riéng cac qua can cua chuan (kg/m®) 8000
Khéi lwong riéng cac qua can cua ap ké do (kg/m°) 8000
Khéi lwong riéng caa chat long (kg/m?) 912
Gia tdc trong truong g (m/s?) 9,78668927
Chiéu cao cot chat long (m) 0,089
Hé s6 nhiét cua pittdng va xy lanh do (1/°C) 9,10x10°

Theo tai liéu huéng dan caa OIML, trong khi sir dung ap ké pittdng céc thanh phan anh
huong 16n nhat 1a:

- Dién tich hiéu dung chiém khoang 50 % d6 chinh xac

- Khéi lugng va gia tc trong truong chiém khoang 40 % do chinh xac,

- Céc thanh phan con lai chiém khoang 10 % d6 chinh xac,

Thong thuong khi tinh dé cong bé DPKDBD ciia chuan nguoi ta sé tinh tai diém 4p suat
I6n nhat, Két qua tinh toan ludn cho thay tai diém nay PKDBP 1a 16n nhat, Vi du nay sé
tinh toan DPKDBD cua P31224-3 tai &p suat 689,7 bar.

1/ D6 lap lai cua gié tri 4p suat chuan u;(p)
Puoc lay tir gidy chirng nhan hiéu chuan hoac lay tir tinh toan thuc nghiém ¢ ting diém
do.
u,(p)=a+bxp
Khi hiéu chuan ap ké pittdng thanh phan nay da duoc tinh dén khi cong bd Uag, Vi vay c6
thé bo qua thanh phan nay.
ui(p) =0
2/ Do khong dam bao do cua dién tich hiéu dung u,(p)
Puoc ly tir gidy chitng nhan hiéu chuan véi k = 2
)= 2x e)

Trong gidy chang nhan hiéu chuan céng b A, = 4,03278x10°
U(Aos) = Aox0,0072 % = 4,03278x10°x72x10°
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P = 689,7 bar = 68970000 (Pa) tinh cho diém &p suét I6n nhat.
Uo(p) = (68970000x4,03278x10°x72x107°)/(2x4,03278x10°%) = 2483 (Pa)
3/ B khong dam bao do cua hé s6 ddn na ap suét us(p)
DPuoc lay tr gidy chirng nhan hiéu chuan voi k = 2
Ui
u,(p)=—p° % %
Phuong phép tinh hé sb gi&in no do ap suat 1a phuong phap thuc nghiém nén cé sai sé rat
I6n 6 thé 1dy d6 khong dam bam do bang 10 % gia tri cong bé trong gidy chirng nhan.
Trong gidy ching nhan hiéu chuan cong bé:
As = 3,44501x10™"
U(s) = 10%x3,44501x10* = 3,44501x10™*
p= 6,897x10' (Pa)
Lap vao cong thirc ta dugc ug(p) = 819,37 (Pa)

4/ Do khong dam bao do cua khéi luong qua can, pittdng u.(p)
Puoc lay tir gidy chirng nhan hiéu chuan voi k = 1

p . UM,)
M, k

S

u,(p)=

Tai diém &p suit cao nhat p = 6,897x10’ (Pa) ta phai dat I&n pittdng tat ca cac qua can
Trong gidy chitng nhan hiéu chuan néu cong hét s6 qua can ta dugc khdi luong tong

M, = 28,93162 (kg),
Cac qua can lam bang vat liéu thép tring sir dung véi ap ké piston do chinh xac 0,008 %
c6 sai s6 cho phép 1a: 5x10°xm

U(M,) = 5x10°x28,93162 =0,001447 (kg)
Thay cac gi tri trén vao cong thirc ta duoc:

us(p) = 3449,5 (Pa)

5/ B¢ khong dam bao do cua nhiét do pittdng/xy lanh us(p)
Nhiét do pittdng/xy lanh dugc do truc tiép voi diéu kién nhiét do duy tri trong khoang + 1 °C
va do khong dam bao do c6 thé duoc lay bang: U(t) = 2 °C.

Us(P) = px (0, + 01 ) X L\J/%)

Gidy chiing nhan cua hang FLUKE (hdng san xuat) cong bé:
tps = 4,55%10°
acs = 4,55%107
p = 6,897x10 (Pa)

Thay vao cong thurc ta co: us(p) = 1099 (Pa)

6/ Do khong dam bao do cua hé s6 ddn ng nhiét ug(p)
Do khong dam bao do caa hé sé dan no nhiét co thé 1ay bang 10 % va do Iéch so véi nhiét
d6 chuan 13 2 °C.
At
Ug(P)=p, x U(a, s + ) x?
Véi: At =2 °C; U(0ps + 0cs) = 10 %X( 05 + 0s) = 9,1x107"; p = 6,897x10" (Pa)
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Thay vao cdng thac ta dugc: ug(p) = 110 (Pa).

7/ B khong dam bao do cua gia toc trong trudng u;(p)
Puoc lay tir gidy chang nhan hiéu chuan, Truong hop gia toc trong trudng tinh theo vi do, do
ca0 o v6i mat nuéc bién cua noi do thi U(g) co thé 1ay bang: U(g) = 1x10°x g, k =2

u,(p)=2ex 8
g 3

Cong thic tinh gia téc trong truong theo vi 6 va do cao so voi mat nudc bién
g, =9,7803184x {1,0+[ 0,0053024 xsin’ (6) | -[ 0,0000059 xsin* (26) |} —0,000003086 x H
Trong dé: g;: Gia tc trong trudong noi do (m/s?)

0: Vido noi do (°)

H: Do cao noi do so voi mit nude bién (m)
Thong thudng gia tri g chi anh huong dén khi tinh gia tri p suat thyc. Khi cong bd
PKPBD do g gay ra chénh léch rat nho, ¢d thé bo qua. Gia téc trong truong tai noi hiéu
chuan:

g = 9,78668927 (m/s?)

U(g) = 9,78668927x10° (m/s?)

p = 6,897x10’ (Pa)
Thay vao cdng thac ta duoc: u,(p) = 3449 (Pa)

8/ Do khong dam bao do ciia khdi lwong riéng khdng khi ug(p)
Gi4 tri cua khéi lwong riéng khong khi ¢ diéu kién tiéu chuan 1a 1,2 kg/m®, nhung do ap
suat khi quyén, nhiét d6 méi truong, do am twong d6i thay ddi nén khéi lugng riéng
khong khi c6 thé thay doi toi da = 5 % va do6 khong dam bao do cua khdi luong riéng
khong khi c6 thé l1dy bang:  U(p,) =5,0x10%x p,, k = 3.
p Uk

(pMs _pa) 3

pa= 1,2 (kglem®)

pms = 8000 (kg/cm?®) khéi lugng riéng qua can 1am bang vat lisu thép tring.
Thay vao cong thurc ta duoc: ug(p) = 143,7 (Pa).

us(p)=

9/ DPKDBD cuia chénh Iéch chiéu cao cot mdi chat truyén ap suat ug(p)
Do khong dam bao do caa chénh léch chiéu cao cot méi chat truyén &p suat (chat 1ong) téi
dabang: U(Ah)= 2mm, k = 3.
U(Ah
u,(p)=p; ng%

, pr=913(kg/cm’) khdi luong riéng moi truyén ap suat. ‘
boi véi cac piston/xy lanh dau gia tri nay thuong la 913 kg/cm?®. Tuy nhién khi mua dau
c thé tra caru gid tri nay tir don vi ban, hoac co thé gui di do gia tri nay.

U(ah) = 2mm =0,002 m
Thay vao cong thire ta dugc: ug(p) = 913x9,78668927x0,002/3 = 5,95 (Pa).
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10/ D6 khong dam bao do cta luc tac dung theo phuong thang ding uio(p)

Lyc tac dung theo phuong thang dtimg: F* = F x cos0, Trong trudng hop khi 6 < 0,5 d6
khong dam bao do theo 0 duoc wdc lwong bang: U(0) = 5,82x10™ rad va ldy theo phan b
hinh chit nhat.

u,,(p)=pxsmnf x U\(/%)

Khi lap cac ap ké piston ta phai diéu chinh dé pittdéng dugc vudng goc, ap suat s& tac dung
theo phuong thiang dtng, tuy nhién van c6 sai s6 khoang 0,5’
Khi do:
U(6) = 5,82x10™ rad
sin (0,5/60) = 0,008333 (1°= 60°)
p = 6,897x10 (Pa)
Thay vao cdng thic ta duoc: uy(p) = 195 (Pa).

11/ D6 khong dam bao do cua khdi lugng riéng cac qua can uq(p)

P xps  Ulpy
ull(p)= o X (ZM)

Ms

Trong cong thuc co:

p = 6,897x10" (Pa)

pa= 1,2 (kglcm®)

pms = 8000 (kg/cm®)

U(pwms) = lay bang 5 % ciia 8000 = 40 (kg/cm®)
Thay vao cong thure ta duoc: uy1(p) = 25,86 (Pa).

12/ D6 khong dam bao do ctia khdi lugng riéng mdi chat truyén ap suat u»(p)
pxAgsxh Ulp)
M 2

S

u,(p)=

Trong truong hop nay h = 0 nén cbng thic nay bi triét tiéu
Urp(p) =0

13/ Do khong dam bao do cua chu vi pittdng uy3(p)

pxy , U(C)
x M 2

S

uls(p)=
g

Trong cong thuc co:
p = 6,897x10 (Pa)
g = 9,78668927 (m/s?)
v: hé s6 stic cing bé mat = 0,0309 (N/m)
U(Cs): PKDBD phép do d6 dai xac dinh chu vi cua piston lay = 0,001 (m)
Ms = 28,93162 kg
Thay vao cong thuac ta duoc: uyz(p) = 3,7 (Pa).
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14/ B6 khong dam bao do ctia hé sb stc cing bé mit uy(p)
pxC,

u,(p)= ax M

S

Trong cbng thure co:

UG)
2

p = 6,897x10 (Pa)

g = 9,78668927 (m/s?)
v (hé s6 strc cang bé mat) = 0,0309 (N/m)
U(y): PKPBD hé s6 stic cang bé mat = 0,00309 (lay bang 10 %)
Ms = 28,93162 (kg)
Cs: Chu vi cua piston

Thay vao cong thire ta duoc:

Uw(p) =5 (Pa)

Do khong d¢am bao do tong hop cua gia tri chuan P3124-3 ug «(p):

Thanh phian PKDBD u (Pa) u® (Pa)

Uy 0 0
U 2483 6165289
Uz 819,4 671416,36
Uy 3449,5 11899050,25
Us 1099 1207801
Ug 109,9653 12092,36914
us 344,85 118921,5225
Ug 143,6875 20646,09766
Ug 5,956832 35,48384194
U1g 195,6441 38276,62663
Upg 25,86375 668,9335641
Uqo 0 0
Uiz 3,763398 14,16316504
Upg 5,3 28,09
Sum = 20134239,9

Ustandards p (Pa) = 4487,12 k=1

Ustandards p (Pa) = 8974,24 k=2

Ustandard, P (%) = 0,013 k=2

Két luan: Pg chinh xac ap ké pittdng P3124-3 120,013 %
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