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Abstract

Based on the national standard GB/T 228.1-2021, several main sources of measurement uncer-
tainty in tensile test of special steel bar at room temperature were analyzed, corresponding ma-
thematical models were established, and evaluation was carried out according to the models. The
mathematical model and corresponding evaluation method used in this paper provide the basis
and reference for evaluating the measurement uncertainty of the tensile test of special steel bar at
room temperature.
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1. 518

TEVEN & @ R 1A MU RE AR 30, S iR R A 00 2 — IS BRI 7 vk, AR A S R4
LA B CE B IEH . TERRNAE AR A D R i = R A0 2 S e MR TS B A
(1 EARIE (1] WA E Ve — BT = RSN AR Ak, ECA R e B —E
() PRI SE T A P 2 3T ¥2 99, 2021 4E DR FE & = iR 48 PR 6 [ bR SE 8T, 1R 2 K e FE T
E DA BRIE N HTARERER, R R 2B bR AN 8 BE VP58 T8, AN BES 2 WL 1) s kel £
RGRITTEERERE, 0T B 7 S AIF 7 437 o 1 it EL A JE B 2 S

AT CEEMBHARIGEE 155 SRRE 575D [2] (GBIT 228.1-2021), 7EEFKARAEZK T
IREEAE N, AR I VE I FE R G, TH SRR AR So, 8 INSTRON HLF-Fi ik Ie WLk 47050 .
AR IRIHL P T IRGRE R, MUE B A 98 E Rpoo, PLHLSREE Ry, WIEMFHCER A BURTIREUE 1
AT50 T ARSCULRFNEE IR I X 5, BF 78 4 JB ADRE 3 TR A e ) il B AN o B2 VT 2 [3]

2. BMBFRE

BURE N BRI, 1P IR 6 & AN E R T S A U
N ARGEE Re B AN :

R
I:zeL So
JE RS E Rpo o $ 22 AR A
Reoo = F;o.z
0
YU L Ry BUA BN
.-
So
W i (KR A BTN .

A=5 b 1000
L,
b Sy MFLAREEIA, mm®; Fo N TFIEMS, N5 Fooo AEIRIME, N; Ry NPUHHEE, MPa; Fp
W R R AT, Ny A AR MR Lo AWEREE, mm; Lo MJEGEARER, mm.
3. T HERENRIED#T
IR PRI A E B RIE R B 1) R RSHIE SN A € B 2) B MHEIE S NI E
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FZ; 3) BAABASINMATERES; 4) KRERIINMATER; 5) MO RGURERESAKATE
JE o ARSI E AN E L TP 5E I RS BORIR[4] -

4, EEMRE

ZSEEGAEH INSTRON HL-FRIAHHRIGHL, MRS R 10 R E I 450 mm (PR FEAE Al
PG, P E HE R AT 10 IRBEAFRIG[5], HRAE S i 28 75 (X 2% P RAE B 15 2ARE T i IR ReL
T2 M FE SR Rpo o PUILHRIE Ry WiJE IR AP D12 /R A S S bn i 22 6], 252 Mk
BEERNE 1,

Table 1. Measurement results of repeatability test

F 1 EEMABRNELERLE

e BRI FERE  BUCEMREM ik LIIEREIRS W R

Sp (Mm?) Re (Mpa)  5/¥ Ry, (MPa) Ry (MPa) (mm) A (%)

1 80.12 996 998 1141 7.98 15.96

2 78.38 997 999 1146 7.96 15.92

3 78.54 981 984 1139 8 16

4 78.22 988 992 1142 8.34 16.68

5 78.54 992 996 1147 8.56 17.12

6 78.54 981 984 1139 8.1 16.2

7 78.22 988 992 1142 8.24 16.48

8 80.12 996 998 1141 8.13 16.26

9 78.54 992 996 1147 8.26 16.52

10 78.38 997 999 1146 7.99 15.98
S 78.76 990.8 993.8 1143 8.16 16.31
Bt 22 0.73 6.16 5.75 3.19 0.19 0.389
FER o 1 O 22 0.92% 0.62% 0.58% 0.28% 2.33% 2.39%

5. MBI HEENFEE
5.1. TIEARSEEN BT HEEFE
5.1.1. A XAESHRETHEE B’ ua(rep): TEREE R ERHVEIIA

S 062 %
u,e,(rep)—ﬁ—ﬁ—o.l%/
51.2. A MM HRETHEE D E u(S): RERTUESIA
S 092

—=0.291%

e (%0) =5 =0

5.1.3. B X FRAEENE u(F): MAORGREIZESIA

1) B EAHN AR EE U (Fy): 0.5 ZHfst UL (1525 79+£0.5%, #5145 i%E k=3,

0,
Mu, (F)=2% _0.280%.

V3
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2) WIS A AT E E Ure (F2) = 0.26% (k=2), #351: u,, (F,)=0.13%.
3) B AR ARAEAAE FE Uret (F3): 0.1 Zbm eI 3 R HE RIS AL B M r = 0.1%, WA ME S MR
e _a_01% _
PRECk =6, Mu, (F,) < =0.041% .
4) B FAXARAEANTE L Urea(Fa): ARHE T REIRIRHL T ENLEHE K RGTFE) (JIF1103-2003 Fi3x
B), HHEEHLECHR R A RGN A B AN B 72 E U, (F, ) = 0.2x107% =0.2% .

5) M RGUREIRZE (KT Fm)E’Jﬂ‘HXj‘*T/ETﬁﬁEF”%Iﬁé\JWQ

rel \/urel reI + ureI (F )+ ureI (F )
:«/0.2892 +o.132 +o.0412 +0.2?
=0.377%

5.1.4. B RMEXMRERHEE u(off): MBLEREIBELISIA

R4E CBUEB LN 58 IR BUE L~ A E ) (GBIT8170), Ry F1BZIE 1 MPa, %550 fi% &

k=+3, X[A¥5% 0.5MPa, M u(d)=E=o.289, Uy (0ff )= 0282*1000/ 0.029% .

V3

515.B %*ﬁﬁ*j‘l&xﬁﬁiﬁ ureI(Rmv) *?ﬁgiﬂlﬂgl)\

a1, JEIRSREE KA ZE 16 MPa,  [RIHh (i 0] ih i 2 (520 D28 MPa, 4235 5) 73 A1 2% & -

U(Rmv)—%_4624MPa, U (R ) = gg%zlg*looo/ 0.467% .

Table 2. Summary table of relative standard uncertainty components of lower R, yield strength

F 2. TREREE R BN ERMAHRERLDR

AK€ JE SRR PRUEAN € P53 B FRRSBRAE AN 5 B2
M Urei(rep) 0.196%
RS Urer(So) 0.291%
W7 RGNMERE Urel(F) 0.377%
I 55 R AR B L) Urei(0ff) 0.029%
LTS AL Urel(Rmy) 0.467%

WRIEE 2, I BTSN Jo Ao B RO A AN B 52 S«

ureI (ReL) = \/urzel (rep) + urzel (S )+ urel (F ) reI (Off ) rel (Rmv)
= J(0.196%)° +(0.291%)° + (0.377%)" +(0.029%)" +(0.467%)’
= 0.585%

AR U 4 (R ) =Ky (Ry ) » BUELE HEZE p = 959 k = 2, U, (R, ) = 2x Uy (Ry ) =2x0.585% =1.17% -
5.2. [ERRSEE N E T EENITEE
5.2.1. A EHFMHFRERTREE 8 Ura(rep): BIRIEE R, EEMMESIA

S 058
rel (rep):ﬁzﬁzo 1840/
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5.2.2. B B RERHERE u(off): MEEREBIRELSIA
MRAE CEEABL RN 5 4% R BB AR R AL E ) (GBIT8170), Ry, mIEAIE 1 MPa, 14345) 5 #i %

FEk=+3, XIA¥5 05MPa, ll: U(d)= ng =0.289, Uy (off )= 05238.2 +100% = 0.029% -
5.2.3. B XAMTETBERE Ue(Rn): SKERFRMMTIA

YEEE 1, JERRGRE B ORAZE 15 MPa, [R5 IR 5 5 A 52 S+7.5 MPa, #2233 5) 5 A5 18

U(Rmv)z%—433MPa, U (R ) = 23 41009 = 0.436% .

993.8

Table 3. Summary table of relative standard uncertainty components of Ry, yield strength

3 3. EBARSERE Ry, I B S EEM A HEELER

AN JE KR PRAEANH 5 J5E 4 X bR AEAS B 5
R Urei(So) 0.291%
MAHRGoRERE Urei(F) 0.377%
WS R A EL) Urei(0ff) 0.029%
EnALIBuES- Al Uret(Rmny) 0.436%
HEHNE Urer(rep) 0.184%

WRPEZE 3, I 5 A 5 P PO AR X B AN R 2

ureI (Rpo.z) = \/urzel (rep) + urzel (S )+ ureI (F ) reI (Oﬁ ) reI (Rmv)
= J(0.184%)° +(0.201%)" + (0.377%)" +(0.029%)’ +(0.436%)’
=0.672%

B4R U 4 (Ryo2 ) =Kuygy (Ryo, ) » BUELETHESE p = 9590 k =2, MU, (Ry,)=2xUgy (Ryo, ) =2%0.672%
=1.34% .

5.3. fAEENERHERNEE

53.1. A XENFFEFTAEE T E Ure(rep): MABEESHENESIA
Uy (rep) —%:%—0 089%
5.3.2. B XM REFTREE u(off): MELEREIBEHTIA

G (CEUE LN 5% FRE B R s F1#E ) (GBIT8170), R, FH1BZIZE 1 MPa, 1#4¥5) 4 4i % (&

k=3, X[~ 05 MPa, MUU(d):E:E_ozsg, urel(off)=% +100% = 0.025% .

NE]
5.3.3. B EHEMFRERHERE Ue(Rn): SEERFEFMSIN
Yo 1, Prhism i KM ZE 8 MPa,  PRIMRL (s 0t i H o FE (5200 x4 MPa, 1535 5] 30 A1 25 18

U(Rmv)=%-231Mpa, U (Roy ) = 2'12*100%:0.202%0
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Table 4. Summary table of relative standard uncertainty components for tensile strength R,

® 4 FUAGEE Ry & D EBRENTHERILSR

AN 5 P SRR PRAEANH 52 P oy FHRTBRAEA T 52 BE
HEMWNE Urer(rep) 0.089%
&= Urei(So) 0.291%
W71 R G~ E R Urel(F) 0.377%
& 25 REAR B2 Urei(0ff) 0.025%
P R 5 Urel(Rmy) 0.202%

WRIETE 4, I BT SEGUHL 8 L AAR X FRAE AR E S -

urel ( \/urel rep)+ urel (S )+ urel (F)+ urel (Off )+ urel (Rmv)
=\/(0.089%) +(0.291%)" +(0.377%)’ +(0.025%)’ +(0.202%)"
=0.526%

HRIEU,, (R,)=Kuy (R, ) BELERER p = 95%HT k=2, MU, (R,)=2xUy (R,)=2x0.526%=1.05% .
5.4. BifRMKENENTHEETE

54.1 A REMRETRHEE ST E u(rep): EFHUESIA
S 2.39%

Uy, (rep)=ﬁ= 7o

5.4.2. B X REESE Ua(lo): BIBIRENESIAN
YRR LR Lo BIEIEI£1%, BB 5IEK =B, Uy (L)=1

=0.756%

T =0.577% .
54.3. A SEXMFRETHEE T E ua(AL): BIRHKEREFENESIA
S 2.33%

Urel (AL) \/’ \/7

5.4.4. B XHEMIRERHEE ua(off): MEBERBIFERLZIN

RAE CRUEBZI NS I PREE R s AAE ) (GBITBL70), A FifBZ1% 0.5%, 1&I2) i )&

k=v3, XIHE5E 0.25%, MU (d)= Oj;_oms, urel(off)=% +100% = 0.0089% .

=0.737%

Table 5. Summary table of relative standard uncertainty components for percentage elongation after fracture

5 WEHKENESEENTHRERLSRE

AN 5 SRR PRUEASH 5 FE 4 i RS AR AE AN 5 FE
b= =R Urei(rep) 0.756%
JE bR BRI Urei(Lo) 0.577%
W7 A P ) = Urel(AL) 0.737%
45 R BB 4 Uret(OFF) 0.0089%
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MR 5, S I5y BT ST S A A AR K A v A 1 2
U (Ry) = /U2, (rep) + U2, (AL) +UZ, (Ly ) + U2, (off )
= \/(0.756%)2 +(0.737%)" +(0.577%)” +(0.0089%)’
=1.20%
AU, (A)=ku, (A), FESHER p=95%0f k=2, MU, (A)=2xUy,(A)=2x1.20%=2.40% .

Table 6. Summary table of expanded uncertainty

6. FRABERLSR

R R Re U Je R Rog U BURIRE Ry, I W J5 2 A I B
TR i T2 i T2 H 2
URe) U(Rpo2) U(Rn) U(A)
1.17% 1.34% 1.05% 2.40%

6. LRI

AT RAE L BRI 6o ARIEBUE IR T AN E AORIR, TSR TR B T W5 (i

KRG EAE L e, BRI, 2P, BRI 5T 5 AR 56 1 58 2
i, R SRR R, M e R BERE R /N 7] 108 4 0 S 06 1 R mh ) (0 00 B AN
SE BV R A KT s, RS R R, i (E Bk,

o B R 2 0 5 B A (e 97 0 A0 RSB T BRI P SR AR B Tk

B30T H AN E AR T [8]. T <R I b T Rk BE AR SRR e, IR I AN E S
PP 5 B R 2, L ZRAATT T & A RN 27 3] SR AL R

SE K
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