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Optimized group sequential test based on GB/T2828.1(2012)

and its application

Hu Sigui''2, Wang Honglei'
(1. College of Management, Guizhou University, Guiyang 550025, China;
2. School of Biology and Engineering, Guizhou Medical University, Guiyang 550025, China )

Abstract: In order to reduce the sampling test cost by attribute, the truncated group sequential tests specified
in national standard GB/T2828.1(2012) are studied. Some drawbacks of the tests are pointed out. Optimized
truncated group sequential tests are proposed, and the procedures to solve the optimized ones are established.
Comparing with the truncated group sequential tests specified in GB/T2828.1(2012), the optimized ones can
achieve relatively small truncated sample sizes and average sample sizes with the type I and type II error
probabilities getting closer to those of one stage sampling tests. Using the optimized test in the quality test of
springs for railway vehicles, it is found, relative to the inspection scheme in GB/T2828.1(2012), the proportion

of average test cost saved is 13.99 %.
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554 BB B 4% JLT GB/T2828.1(2012) I 2 B AL AL AG I8 K e 37 FH 701

R RS0 7 R T A% O i 0L R R S SR AR R L B A WK R s, TR TR
FEA5 B, Rk, AH T T 28 B 11 8] 2 00 A 5 R e R AL 36 77 28, B8 KRR 8 b 45 k= ek 6 AL 562 1) 344K
6 A AR B BT 24 6 6 8], AT B ARG P2 i e B A 56 B K 56 B AR DO 2 i, AR SR I (L A A KR
IS REA B I BRI BT V2 B T A MR S B R R B AT S A SRR G AR 0L g Ak,
BUR P TR 36 0 N T B 24 P A28 TR0l g pr T gk, nk TR i BRI, C i T —
Z B B A B R bR, 0 E PR B T2 52 bR TEC1123(1991)M8 L IEC61124(2012)) . [ Brbr 4k 25 5
ZehritE 1S02859.1(1999)20) | 2 [ % F Aw i MIL-STD-105E(1989)2, 3% [H i) [ 5 bR GB/T8051(2002)22!
GB/T2828.1(2012)2314% H b [H BrFr vH ISO 2859.1(1999)i8 it ¥ 1 « JBUHE 5 00 7™ (1) 3 BE 46 36 05 2= Rl 24
Mo A S Sk, B8 RIS A 7= O FOASE A 7 £ p 00 BEA LR B, B L mT A M B A AR &, Rk, I 2
S [ B b B 8 B B, B L RS T D B A R A 56 A 2 —. H T R A e o i B AR A R R,
BrAr AE 1S02859.1(1999) 4 51 A 2 & H 1 [ X 5 it GB/T2828.1(2012)+, H GB/T2828.1(2012)5 1SO
2859.1(1999) 1 4= A P 25 55 [F].

7E [ BRAR 1 1S02859.1(1999) 71, FLARE F5 A6 7= i fb it (19 K /0 A6 36 1) P 2 P % 82 A0 22 PR (AQL) 1)
ANFIER, 45 1T AR — AR 7 58 A 7 S8 S LR FE 7 &, DL R E A S0 N Rk AL o, — Ik
FAE 75 NG B ] e RIS RE AR R ARG 7 &, W 9E O BU R, IR B LR AMAE 7 N R B T B R B
U5 %, A VL ) TR A B, X R LIRS T R R K B R A4 AR
K56 77 22 [H BRpr i 1S02859.1(1999)HH FE AR BT R IR, 1% 2 — 10 # ZE A fF FO 8. B B A, At 2
TR P GURGU6 7 28 RS R R BIR J5E 1 FAEG 7 i b A 565 1) ST 240 K 96 A 2 BT 240 R 06 P 1), AT AR 7 ot R AGE
55 i A, a0, FRE SR ARSI OR E, B ZK AR E GB/T2828.1(2012)(51502859.1(1999)%5 M) #7
J7IZ N R T EL T L BB o A A A T A e, B R R s, R, O T R IR 5
AR EY).

TERR R R SR AR 3 B 78 T, Chang 25240 Therneau 25291 LAV #5118 56 kE A< B 4F A de 0 PE 45 o,
T8 I AE T AV AR R 5 B B 5 A 1 O 2R i I s AR P R L, o B R R R T B R A R e T
HAT T SRR AHAZ T 1SR AR e AR A 50 5 2 W T E B8 A = B K, AT Al K b R i) 7 A A Y ). Barber
226180 Hampson 2527 H T ShA& MR %, X IEZ 00 A B S BB R BE R SRR A3y AT SRR,
F1Z 7R F ST AE Winner 12 I B 0457 B BEAR SR At L1, DRIk, JCARUHE B A T iSO R B DR AR AR 56
Ji ZHRAE R, BB SO R R SRR R SN TR R, AL T REA S [ HE R T SO (A
P BLIRAR A6 S HEAT SR AR, Hu 2528 29D A 23 (e HE e v 41 B SOR # R R P BUR AR A 36 0 32 S g
ooy At s AR T B R 0 7 R SR . BT T AR R K A R T RN R, T
FE A 23 [ HE 7 1 B R P 3 T 5 A 560 5 58 () SRR AR . SCHIR[7-9, 28, 291 B 7L 45 SR TR 3R B, ARX T
BrbrviE IEC1123(1991) IEC61124(2012)F1 1S02859.1(1999) 71 ) /5 B K I& 5 %, K FHREAS 25 i) HE R ik 4540
L e ST E LR R o 1) = O AT 3 P ) N = 3 7 M L) I N (A o 11 = 0 A TR 720
5 A

ARICHET GB/T2828.1(2012) A A 7 LA 46077 SR AP AE 07, 48t HARAE AN 2, 1R H TR k=
FEP SR I 7 8, FF a7 DR A 2 () i N R Al ) SR 7 7%, J8id 5 GB/T2828.1(2012)H [ #k /7 51
K38 7 R 3EAT LA BT, S5 AR BA, BT H AR BE 7 SURA AT 38 7 RAE A AT 5000 P9 B R 28 | 4 D
AR PRI A RS AR T ARRENSGE. &5, BEERT R T R T
BRI 2R AT A P i ) B AR B R, 0T JCTE PR 7 A AR 6 P R A T () R AT T SRAIE.

2 BEHFERRMERGZ

XA AEE P S AR R PR, eI RIS
H0:P:P0, H1:P:P1(P0>P1). (1)
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YATEAE Hy I, B0z i a4 Ho I, EUGZ ™ 5. 78 GB/T2828.1(2012)H1, B A & 4% b
F Qo = 1 — Py N MU & R (acceptance quality limit, AQL), Q, = 1 — P, Afd F 5 XU i & 7EAS
SIRCIRIE I LR, ARG % Py v AQL, Py 9 F 7 KU T =
XFGETHERGAL(1), STHR[28145 H Ik R A P PR ga i A an k.
W Ly, Lo, ..., L. f Uy, Us, ..., U, NPEF AR EE S, Hig 2

{Lk—i-?gUk, k:1,2,...,7'—1

(2)
L.+1=U,,

HAd Ny, 7 Mg, o, .., 9. BIRIEEEHE N, > T&ng N,. % X, ~B(gp, P), k=1,2,....7

k=

i S, = Z X, WS, AP TE S &, £nil Z, = ng R RAERK L D M =
inf{k|S} > UﬂZSk < Lp,k=1,2,...,7} )”Jﬁ#?hﬁ’]ﬂ@%{ﬁﬁ'ut M Sy < Ly B, 3548 Hy; 4Sy >
Une B, A4 Hy, T4 Ly < Sp < Uy, k=1,2,. .7 — 1, k556,

id
U, U, --U,
L, Ly--L.

AR TC (N, U,) AGeTHER ()RR R U5 77 % (truncated group sequential test, TGST). J:5R% N, JEE
AR, RIRLES T T 5 s R AR & U, A HIRIME, BPXE N, ARSI, AMEZ Hy Frif
PBAREAS 4G Uy, Uy, ..., U, F1 Ly, Ly, ..., Ly 535308 TC(N,, U,) M B HE FREKIDTR 7N
R EE; G = (91,92, - - -, 9-) NFEARERE.

WR, =1{S, < L,,Lp < Sy <Up,k=12,....n—1}, A, = {Sn, = U,, L, < S, < Uy, k =
1,2,...,n— 1}, SiHE B, 8% T7 R TS (N,, U,) JEHIER G B SR TR R N

T => Pr(R, | T R)
B(T%) => Pr(A, | T P).

n=1

Fefelth, T (N, U,) 18 Py K Py JEI-F 35350 A A & (average sample number, ASN) A K 7R

TG(Nt7UT) = 9 (3)

Ep, [Zu | T =) Z,{Pr(A, | T, P) + Pr(R, | T®, Py)}
n=1
T )
Ep, [Zu | T = Z,{Pr(A, | T, P) + Pr(R, | T, P,)}.
n=1
TETHBOR AR AT BRI 7 SIS b, W73 5SS B R R RO i, A BT
TS0 77 S0 PR RIS A AR d SR T RE S/, AP ARS8 BRI A 5 B 7 4 PRk 6 9 1.
XPGEH BB, 10 C W HEA R, BREN N, B KB EE N 7, HARREN G, %K
N (v, Bo) HIBLRRER BRI T R A RIS &, 35 C # @, TO9(N) € C il &XHERI T9(N,) € C,
Gl
E[Zy | T°S(N,)] < E [Zar | TE(N,)] (6)

HAE [Zy | T*] = (Bp, [Zy | T*] 4 Ep, [Zy | T*]) /2 RERE BRI FEA R, WFR TOC(N,) NEALi
BB TURL G /7 % (optimal truncated group sequential test, OGST).
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FEAC T, K R I SCHR[28) 45 Hi AR A 23 [AIHEFPVE SR A OGST TOC (N,) IRl 7 %, B2 5k TAEA 23]
HEF I A VEAH 18 A SGHIE 7T, AT S SCHR(T, 8, 28, 29].

3 ETGBT2828.1 012 EHFRIEHEIE AR

AR GB/T2828.1(2012)H (1) K5 F AL 7 R IRFAEEAT 20 M7, 76 b BEAil b3 S A RL ) IR
5 H IR A A8 7 5.

3.1 GB/T2828.1012)h B EHF R S5 RIFES

I GB/T2828.1(2012) H 1 — ¥k e L IRFMFE 77 AT 1M, I B A U0 R REAE:

1) SR K FLIRAMAE T 25 5% B — VSRR 5 RAR EL, B MR /NE ASN. SEBR b, % i & R 4
= i, AT R — A 5 58, I IRAMAE T AR 1T ASN 2028 37 %, FLIRIFE J7 E e ASN 2
75 %P, X BB A, BURREE B LG 5 R ASN B T SRR T A A, SR
FWETFAR UL Uy, ... Us; Ly, Lo, ... L, KE50KF (g, Bo), EARE N R G, FEARHEEME N, &SIH
SME U, 24806 5. Bk, dHEREET BRI 77 R 18T, T5ZE7E ASN K& S8 BUE 2 AT 456
.

2) IR FIRAMFE T S50 ML) — IR 7 28 B A 2R (M) £ VR RFIE (operating characteristic, OC) i
2. 1F GB/T2828.1(2012)H, B Je il 1 —IRFE 77 %, ARG 1E AR UES — IR 77 2211 OC i ZR AR 1M1
BLUR, BT A RL R B FOURARE 7 2. FEBRAR PPRIRAS TR, RLATAS = IR B FL kA 5 58 5 00 B 1) — IR R 7
R OC M4k se 4 —5, MR TR — IR IR K& FLIRHIRE J7 S8, 398 22 o A8 A 7= Oy 5 48 L O XU
R R TR 7 28 (1) ASN RARBRAIG ™ it il A A 56 PRS0 AR, DXL, 7€ GB/T2828.1(2012)1 — K
5 H IR BT, RERIL S 060 B 1) — AR T R 1 OC &R AH#EI B ay .

3) SRS ALIRIFE T R RE AR R N, KT X R IRIFE T R RS N. Sibr b, SRR T
TR 7 BRI, —RABOL T, 38 K7 A0 7 R AR AR AR AEN,, b AT 77 1) ASN Kbl 2
W08 BRI, WORFEAR BRIV, BARAE— e FE R R D i TR IR 7 1) ASN, (HAB A N, 1)
ORI HE I T RIS A IR IE L i A7 9 SR o I I TR, DRI, 7R AR AT BRSSO 0 R, BEARE
BEME N, 22— NRERTEAEFENRITSH

4) IR KRR B RIEA RN E G &N E2RFFEE g =g = = g, EEEHTHR
367 R, FEAR R AR G ARG S5 1) ASN F=A oM 281 IR, 5 s — R R IR
T RIFEA RN E G &0 =m4E, A TRESRTS ASN B /NI 7 % (H GB/T2828.1(2012)2
BT DR O e FARAMAE T RIBEA R IR G S BAHEMRE, — TN T BRIk & e
K96 77 SRR AEAERE, 5 — O TG R T AR 07 SRS 1520 I oh SR, DT £ F 32 B2 4tk & 7= i 7 1
W05 R SR A R R B AR Y 2 TR AT V)4 i R e M. DR, AR SCHE AR AR Y B A B T SRR,
IMREFEAR R E G &7 EAH X — L.

32 HERFRUEMRESER

FET 3.1 5% GB/T2828.1(2012) 8 A /¥ TR 46 77 28 HURFAE 430 #r, "R 10 LA IE S AR 38 N I — IR A& IR
R 7 S 9, NIRRT TS B0 T R OBUTE S ™ ARBTG5 5 SR FH A T v i
37).

HIR 1 MR ARR ™ B B O/ BORS P e R AR B IS [ B K, $2 8 GB/T2828.1(2012) I FEA
7 BRI 8 S T RIS 2 - B,

SR 2 KRR R A T BERY J AR PR T 548 U7 2958 1) AQL Qo, MIER — IRIFEAS 3G 77 R (R T #f 2
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AR — R AMFE T %€ C(N, S). C(N,S) Bt Gk imZA P AR &, — KH N AR5 A 4T
590, MM AEEOR TEEE T S MRet, BWGZHE= f; A0, EBGZ ™= 5. Bk nT 5, (N, S) BIHEAERE
fIE(OC) R # Ny

N
L(P) =) _ ChPH1-P)N* Pelo,1] (7)
k=S

F8B3 XD AHHHE O(N, S) AT RK: o =1 — L(Py); H4 L(P) = 0.1, A R ARG J5 KUK
i Py (GB/T2828.1(2012)K &, 18 F 77 fi AU Jot 2 i 2 kr 50 77 S AR SONE R 0 0.1 IS Jsxsh J82 Fe) 77 it Jo
IKF).

HB 4 SRR BE(L), BUE K KT (o, Bo) = (o +21,0.1+¢25), HAF 0 <ep < a/,0 < ey <0.1. 8T
XF €1, €9, Ny, Uy BEATHEZR, R F SCHR[28145 H IR AR 25 (A1 HE P26 IR BRI ALY OGST TOC (N, )i
173K M. OGST TOC (N, R A i sk ik R 7 BHAR AL Ar 38 07 2%

4 5 GB/T2828.12012)h B R F R H RALLE

2 AR R B SRS 56 7 % OGST TOG (N, )5 GB/T2828.1(2012) 1 o 37 (1) 8% 2 Bt J7 5 A&
5 TOB(Ny) 347 LLEL, 45 H GB/T2828.1(2012) i /7 2 TOB(N,) fEAEMIA &, FERr Ak 5 BRI 51
K36 75 %8 TOC (N, ) IR KBTI
41 GB/M282BIR)PBEMFREVHFREFENTE

T E I 2R B S, GB/T2828.1(2012) FH 3 R 7 BURS 36 JF A =& S A 14, A7 AE — S8R5 Budk (A
JEZAb.

5 1 VEELEAL SRRy 180 1, #54% 1 B/K-FHIFE, A GB/T2828.1(2012) H (A A - BERL R AFF
KEFEHGNE. 24 AQL Qo = 0.065(P) = 1 — Qo = 0.935)i}, £ GB/T2828.1(2012)H £ 45 5%+ M [ 1E
— YR RN C(13,11). &5 C(13,11) B4~ 77 R of = 0.048, fEH 77 A& P = 0.640. 4
FH e gt A

Hy: P=P,=0.935 H,: P =P, = 0.640. (8)
1E GB/T2828.1(2012)H, ARG IEH K I0 1) — IRMAE H RN
8 13

TSB(16,13) = , )
5 12

HoEAEmE G = (8,8).
KA 3.2 WA, LK KT (a0, Bo) = (0.055,0.11), Ny = 14, U, = 12,7 =2, G = (7,7)

I, SKAF ZUAMFER AL T N

7 12

4 11

T°%(14,12) = [ : (10)

— U7 2 O (13, 11) ZUCBETr 8 TOP (16, 13) K R ALTT 56 TOC (14, 12) ARG THE
RIS R ILE 1, OC #Zk & ASN £l W & 1 514 2.

M1, B 1 5E 2 iS4 R A LLE B, GB/T2828.1(2012) 1 ) — ¥k 3hFE 7 & TCB(16, 13) FHAZ
PR, FAAE QT JUANJT A A2 :

1) VAR % TOB (16, 13) 5—kImFE 5 % O (13, 11) JEFHRHHR MR 2 M AE 0B K 22
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M1 AT BAE ), TOB(16, 13)058 1 RERIIMEER o = 0.023 1, X R — R HFETT % C(13,11) U 1
FEARIIMER o/ = 0.048 0. A WL, TCSB(16,13) 5 C(13, 11)JB55 T 2485152 ME 2 (A0 X i 22 483 50 %. 1t
Ab, W1 AT BUE B, TOB(16,13)5 C(13,11)[ OC Hi 2k 8] (1) 22 5 & 5 B B /. 10 R AE R AL 7
% TO%(14,12) 5 C (13, 11) WA AR BI040 AOA0 PR S HE iR ME 2R Je OC T k. Bt vl WL, — CHRE 7
FTCOB(16,13) 5—amME % C(13,11) JLHRET IR IR & OC #h 4R 2 [A) 1) 4 22 /2 LU ORI, H2&mT LA
3k — P AR

#z1 C(13,11), TCB(16,13) & TOC (14, 12) G HHFEE LL 3
Table | Comparison of statistical characteristics among C'(13, 11), TGB (16, 13) and TOC (14, 12)

SIS o’ 6’ Ep, [Zu] Ep, [Zum] E [ZM]

—HFETE C(13,11) 0.0480 0.0997 13.0000 13.0000 13.0000

AT % TCEB (16, 13) 0.0231 0.1179 11.2311 11.008 3 11.1197

TR AL T % TOG (14, 12) 0.0533 0.094 4 9.5719 10.2578 99148

1.0 i 14
—C(13,11)
,,,,,, GB 13
5 0.81 T77(16,13) _
£ |14 12t
= 2
%06 = al—cazn
R ﬁ GB
i X 7°%(16,13)
<z H_. .0G
50_47 b 10 799(14,12)
X 02 ’
8, —
0 : : : 7 : : :
0 0.2 04 0.6 0.8 1.0 0 0.2 04 06 0.8 1.0
b P FER R R P
1 OC BhERILLER 2 ASN BhEZkAIELER
Fig. 1 Comparison of the OC curves Fig. 2 Comparison of the ASN curves

2) UAMEE T & TSP (16, 13) 9 ASN i K.

WA TR, St LA BRI R 2 S I AR AR 50, Wk 56 T SR S S8R B A A i, mT b R R G
PEBR BT P= 26 10 9% B, DT B AT S R A 36 R0 AT, ISR 1 I R, Wkl 7 %8 TEB (16, 13)10
GarHR AR E(Zy] = 11119 7, 1 = U FE 16 7 % TOC(14,12) 1454 F A% B A
= E [Zy] = 9.914 8. 4T TOB(16,13), ZUHhFEMRAL T R TOC (14, 12) LA TP RIRH AR E [Z)]
(KT BELL A S 10.84 %. BLAR, KT 2 7T LAE 3, e AL 77 % TOC (14, 12) EEEAN0, 1] XA L4314
—HUNK ASN. H1E AT A1, GB/T2828.1(2012)H () —UliRE T 5 TP (16, 13) 7 ASN A2 K 1 1.

3) AT % TOB (16, 13) A A Rk R k.

K96 7 IR B R AT N, RS T BT 75 R A 5 1 d R M, FEN B A 0 A 1 TR A A Uk
VEAEF, BEAh, B A 5 A0 8 O oA Ke 38 a3 o 81 %o S 56 2 ) 4% L il A7 AN 4RI 25 BT P AR 1 s PRI 2
% 1 H, GB/T2828.1(2012)1] — 4 A 77 & TCB(16,13) MFEAREEME N, = 16, M KR
FTOC(14, 12) A RHEEME N, = 14. FERFEHEMERD T 2 15, Wb s 12.50 %. H ka1,
GB/T2828.1(2012)H {1 — k3 BE )5 % TSP (16, 13) MBEA S A R 2 I K T 1.

25 L4y #r, GB/T2828.1(2012) I # R #E /7 TEA 50 77 R A R B L i), 2/ b 32877 R cn sl 1 By
TR LE A SO S R IO 0 5 00 L F — IR A D7 2R A0 9 SR R IO e 2 T (223 KL P 1 i A &
MFEA RIS RS R, Lhr b, B 4.2 9593 2 53 3 THH 4 A, GB/T2828.1(2012)H (M #f
Fr BRI 77 BAFLEN IR R HARAZE, it —Fh B il i 4.
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42 FMEHERFRUCRESRERMENRIE
Skt A S I EUR R R ARS8 U5 & OGST TOC(N,) HIf RVEREATIAE, B OGST TOC (N,) 5
GB/T2828.1(2012) 7 X B [ B 7 7 BLRG 56 7 & TOB (N, ) #EAT L. 24 AQL Qo = 0.025(Py = 0.975)Hf,
Xof A F A A B BERY (Y IE B — Bl U7 58 L OREIAE DT B TR EAE U7 B IR R AR AL T B R Tk
FERAL T SR IJ0EE T RE IR o, JUSHE 11 R R 0, FEAR BB N, RAE Py, Py ALH) ASN
Ep, [Zu], Ep, [Zy WP E K, 815 TR 2 53& 3.
£ WS R RS R R R AT ROGHSHER !

Table 2 Comparison of statistical characteristics among one stage, two stage and the optimized two stage sampling tests

¥ —UIRETE OV, S) | “ BT TOB (V) | BRI TOS (V)

i N S @.8) | N U (o, B Ep, Ep, | M, Us o, B Ep, Ep,
F 20 19 (0.088,0.1) | 26 25  (0.108,0.091) 161 158 | 24 23 (0.094,0.113) 147 14.9
G 3230  (0.0450.1) | 40 37  (0.024,0.109) 277 267 | 34 32 (0.047,0.106)  22.8 243
H 50 47 (0.036,0.1) | 64 60  (0.052,0.09) 366 362 | 62 58  (0.048,0.109) 353 35.4
J 80 75  (0.015,0.1) | 100 94  (0.015,0.09) 56 626 | 98 92  (0.014,0.105 547 61.9
K 125 118  (0.014,0.1) | 160 151 (0.018,0087)  90.0 948 | 140 132 (0.014,0.100) 873 92.8
L 200 190 (0.013,0.1) | 250 238 (0.011,0.104) 1363 163.0 | 226 215 (0.011,0.105 130.1 163.3
M 315 301 (0.014,0.1) | 400 382 (0.016,0.095) 223.6 243.1 | 350 335 (0.016,0.105) 200.5 241.0
N 500 479 (0.009,0.1) | 630 604 (0.009,0.089) 344.6 393.9 | 550 527  (0.009,0.105) 3163 3763

R3S R IS RRIRH AT ROSHFES R

Table 3 Comparison of statistical characteristics among one stage, five stage and the optimized five stage sampling tests

TR TR C(N, S) FUAMEETT 5 TCB (Vy) AR AL TT 5 TOCG (V)

o] N S (o, 8" Ny U, (o, 8" Ep, Ep, Ny U, D Ep, Ep,
F 2019 (0.088, 0.1) 2524 (0.088, 0.151%) 126 11.1 KR 2 A0 R IR A T
G 32 30 (0.045,0.1) | 40 37 (0.051, 0.108) 21.6 18.0 40 37 (0.051,0.108) 21.6 18.0
H 50 47 (0.036,0.1) | 65 61 (0.042, 0.083) 35.6 30.2 60 56  (0.042,0.105)  32.1 28.8
J 80 75  (0.015,0.1) | 100 94  (0.013,0.099) 48.8 524 95 89  (0.014,0.119) 455 50.6
K 125 118 (0.014,0.1) | 160 151  (0.017,0.100) 69.1 733 155 146  (0.018,0.119) 643 69.9
L 200 190 (0.013,0.1) | 250 238  (0.017,0.115)  100.2 114.1 | 240 228 (0.019,0.116) 97.4 1133
M 315 301 (0.014,0.1) | 400 382  (0.017,0.103)  164.6 188.6 | 365 349 (0.017,0.113) 163.7 188.6
N 500 479 (0.009,0.1) | 625 599  (0.011,0.111) 2422 2993 | 580 556 (0.012,0.111) 229.6 298.3

M 2 M 3 HITHELE R B R, R 3 PREARF RN E 5 G M7 R4, A S TR
AL T % OGST TOC(N,) H. GB/T2828.1(2012) % ¥ i — ¥ 15 FL vk R 75 %8 TOB (N, ) #5H5 A [FIFL B ) e
S, TR, AT % OGST TOC (N ){ELR 7S GB/T2828.1(2012)F1 %} B Jj % T8 (N, )
A2 8 B T — WM EE T % C(N, S)JL P JSHARME AR 1 2 F T, G IR BN 458 7 iR R 36 7 22 1 - 14018
WREAR Ep, [Zu), Bp, [Za] SREARHIRE Ny, M AT FRAGT S R 5 i 158 A5

5 GERBERRERELEIHINA

WERTiie e A . 2 R G 7 R 1 R ) A G, O A Bl R R AN SRR . SRR RS

Ve 2 HR I R R T R IR R AL T R, M AR AR G S B Bl g, = Ny/2,5 = 1,20 %4 AQL Qo = 0.025 i,
7E GB/T2828.1(2012) I R &5 M FEA B F RSN A)B,...,E K& N,O,...,R xS — Ucbe 77 &, Bk, 31X B H 51 B R A & 7 BHAY
HNE,G,..., MBI HESR.

2R FLIRANAE T T S FIRFAE AL T &, BEARIF R G IS A BARSE, B g; = Ny/5,d = 1,..., 5. % AR FLIRIMAE 7 ARG 5% e
P — YA 7 R, U T 28 R IR ZR 7 B K. AR SO A & — A8 I R R 7 &, SOEE AR A 7 8w S WOR FH G IR 1) — Wkt RE A
77 %. 21 AQL Qo = 0.025 I, 7E GB/T2828.1(2012) P H- ARG AR RSN A, B, ... ,E &N, O, ..., R AR # Tk 3hFE 7 %, B,
X ABI AR R TR F, G, .., M B0 T LR,
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AT EE P 7K X Bk B R 5 (13 47 22 A LA BB H BB 52 0. 2|1, 04k B 2 B I I 4 ot B 1 P 3 A8
i, —MRELRAE 200 J3 IR LA b 7Rk 2 NS e 1 46 5 1Y) R A G R, AU R TR AR B AR R N MR H
BH T B  BL2RPE ISP B P KR4S, H TR0 BOAIG S FE PR, BRI, b Eodk 40 W5 B4R AR dE AT 4240
A0S 560 AN A 4 () SR NG AT IRAB SR R AL 2R, 54 (0 B 38 AT MR RE A 0. BRI M RE I B HE A 2 B
FE A = CAE BT N IR S R TR (A R 4 N IR = B e i S VR FE S bl T PR Re e bm i ik 2
FH & MR T4, DR, 0 Tt B s iR PR R TR Ar — R BE AL RE 77 AT AR 56, 47 Wl i ke SR i, 4%
WA= fih s A5 I, TP S A Pk B AR AT A B E 4R R AR B, AT AR PR Bk R AR A G R R A
55RO RE IR IR B, AR B AR AR A B AR X T GB/T2828.1(2012)H (I FE J7 S 76 1 48 T FA AR 36
(19358 9% FH 7 T R AR AT 0 A 5 36 E.
DLNFAL G Y3 Hh EBURE i 20 £, W15 5 SR B i <% 4 s,

x4 GRIBERMEMNNKIE
Table 4 Test data of G springs performance

G5 BAGE Hp mm) K& He(mm) %5 800 He (mm)  EIFE Hp(mm)

1 517.25 461.4 11 520.95 461.6
2 516.80 461.8 12 518.25 461.4
3 520.25 461.2 13 519.45 461.9
4 520.71 461.4 14 518.75 461.8
5 519.65 461.8 15 519.25 461.4
6 520.22 461.9 16 519.12 461.1
7 519.58 462.1 17 518.70 461.6
8 519.97 461.7 18 520.25 461.1
9 519.45 461.1 19 519.25 461.0
10 519.95 461.7 20 518.65 461.8

2t Kolmogorov-Smirnov 1EZ&MHAG I AF 40400 751 He MBI He BRI S & Z H 5508 0.554, 0.628,
BENERTLG ) P AE 737N 0.919, 0.825. X B fir =i M I m HEAT A5G 201743 Pearson #H IS RN —0.079, XL
5525 M P RN 0.739. INGEiH i IS5 B, TN A% G AL 35 (1 5 e SR JF s IR AN IE 25 40 A1, HL#K
T e 5 R I = PR AR b < (B AH HL ST

X% G RUSREE, Jlw M = He /T 511.46 mm 5 525.74 mm 2 [8] H R JF & Hr 8T 462.56 mm i,
WA M VEREFR AR G 4. HHER 4 BUE vT 15, 300 = O RE ARS8 S5 b5 v 22 43 1) 24 519.322 5 mm, 1.055 0
mm; FE I REA B 5 hRAEZE 2 518 461.540 0 mm, 0.322 5 mm. 1, ZEMEE #5515 I AR IE 2
o3 HAHBESL 260 R, &5 G AR s B I Be S 4 R Il T HE A

P = Pr{511.46 < Hp < 525.74} x Pr{Hy < 462.56} = 0.999 2, (11

Bt G RS H S R A THE R Q = 0.0008.

WAL G B #EE 3L 12 000 1, 4% T BUAG 56 /K ¥ Fl A%, 75 GB/T2828.1(2012)% I i FE A & -7 £ i)
HN. 2058 AQL Qo = 0.0015(Py = 0.998 5N, A Iy 1E % — Ycdi B 7 % C€(500,498). £ it 8]
3 C(500,498) MY J7 MK o = 0.040 4, 5 I MK B & Py = 0.989 4. BIFT g gt i s

Ho: P =P, =0.9985, Hy:P =P =09894. (12)

¥ GB/T2828.1(2012)H IR A3 1IE H K360 1Y IR FAE 7 N

315 6271
. (13)

TS5 (630, 627) =
312 626

Hop AR G = (315, 315).
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15 3.2 WA EUREE P SR I R T %, BREABEURIE N, = 550, INHRIE U, = 548, FEA
EME G = (275,275) I, SRIG IRAPERATT = A

(14)

275 548
T°%(550, 548) = l ] .

272 547
— AR % C(500,498) —YKHIAE TR TCB(630,627) K — UAMFEARAL 7 % TOC (550, 548)JL i 2
HARIIMER K AE Py, Py 46T ASN [T 45 LR S.

£S5 C(500,498), TSB (630, 627) K% TOC (550, 548) UG iHFIEE L4
Table 5 Comparison of statistical characteristics among C'(500, 498), T'SB (630, 627) and TOC (550, 548)

ﬁgﬁﬁ;{; o’ ﬂl EP() [Z]V[] Ep1 [ZM] E [ZM]
— U % C(500,498) 0.040 4 0.100 3 500.00 500.00 500.00
WA T R TCB (630, 627) 0.021 6 0.106 2 429.81 41435 422.08
ZUAMEER AL 5 T’ TOG (550, 548) 0.0452 0.098 9 365.66 381.70 373.68

M5 B TE S5 R B, AR T R 7 & T9B(630,627), — X FEAR AL 77 & TO9(550, 548)
(1 FF A 5 # R AH i 630 Yk 2> 1 540, /> T 80 4, WA LBy 12.70 %. ik Ah, Uk AR AR 4 7
% TOC (550, 548) 7E TR UEJ0 P 2 i w2 I ME 26 Lb — IR FE 77 & TOB (630, 627) 58 #30T T-X6F J82 1) — IRl FF
TTRZKMT, R a- PRI A R A 422.08 T FE3 373.68, TREELHIIA 11.47 %. LREKE, ZIRIFER
75 % TOC (550, 548) LW TERE AN R AR - T IRIG A AN 5 S0 PR S 1R I 26 5 00 B — e 7 21
PR AR A R R 25 T, AT GB/T2828.1(2012) 7 9 — Wit 77 & TEB (630, 627) #5872
s E, AR A ARG T &

7E G B B &k SR A5 THE P = 0.999 2 &b, 011848 — UhkE T % TOB(630,627) 5 - UdlikE
AT % TOC (550, 548) 1] ASN 4351l 384.501 7 14 % 328.916 4 f. TOC (550, 548) T TEB(630, 627)
TG PRI AR A B 55.585 3 1, H8 LLBilik 14.46 %. Z54 THRRSLPR, XFi% G RS f 3 & 5 1 5 5 10
PEREMA 2 AT T A5, 256 25 RE AT R v N T 9% L IR B0 & 4T 1H 9% L Zh Rk 2 K3zt 2455, 131% G 2
BRI ME REMR 2R 20 22.5 Jo /M, HE& TR 20N 5 0 MO % 9% FH AL FE R I8 v &% 1 R v N 3% L dilkiz
B I IR 3% L BhAE 2% ORI A7 2058, BoE PRI H C A PRI AR By [Zy] SHEAREBR
5 N, ENERREL, B C = 225 x Ep [Zy] + 5 x Ny, W = 3AlkETT & TP (630, 627) 10-F X5 3 H oy 11
801.3 Ja, T — IRAHFEALAL 75 %8 TOC (550, 548) H1~F- 3458 2% FH > 10 150.6 Jo. AHXF T GB/T2828.1(2012)
[ = AR T % TCB (630, 627), —UAhFER AL T7 5 TOC (550, 548) 114 T3R5 2 1 650.7 Jt, 544 Ll
N 13.99 Yo, KR B - B AIG 1 5558 7 ol il A AL 6 11 0 AR

6 ZRIE

A0 28 bR 4 GB/T2828.1(2012) 1 (148 2 B Fp B3 A 56 77 S kAT 1 Wi 9%, 48 H iz bn vl h R B 7 B
R 06 7 S8 MO AFAE I — SR AR, AN B A IR 56 5 6. 36 T X5 GB/T2828.1(2012)H 5 J2 B J7 51 4% 56 1) 4
fE43 A, 3 O A 36 07 28, 8 ST AH B () SR A U7 . il 5 GB/T2828.1(2012)H A 5 77 S k47 LU R,
gE R, AL S AR IS T RAE R FE S GB/T2828.1(2012) 1 H#% B B 7 B A 56 7 28 EL A AH 24 Bl 323
T B — YA RE 7 R A SRR 25 F T, A A48 DR T A IR T SR IR A R AR L R R
A WAL E AR IR 7 2 N Tk B A GO 4 R A SRR AR I R, e b 45 SRR B, AR
T GB/T2828.1(2012)H FI# R HE ST BTRT I 77 %8, PRA G IR 56 75 58 19 48 P 38058 9 1 e ik 13.99 %, K
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