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Abstract : To improve the qualified product rate in intelligent workshop, considering the influence of each process on the machining
product quality, this paper proposes a quality analysis model based on quality flow model. The quality flow model for multi-process
manufacturing process is established according to the parts processing process. The bottleneck process that affects the quality in the
manufacturing process is identified. And, according to the parameters of the manufacturing process, suggestions for modification of

processing quality are made. Then, the model is verified in the production process of working cylinder for parts in the intelligent
workshop. The qualified product rate calculated by this model is compared with the historical data, its error rate is 0.35%. Experiments
show that the model can be used to reflect the actual manufacturing process, and its practicability is verified.

Keywords ; smart workshop; manufacturing process; quality analysis; quality flow model

0 5§

TE2 TPl i ARG, i A o i 4 il A 24
R B BRI S 08— 3 i A e AR B LT
ST 4% T 14 i S A B 4 )™ i BT HBR Y
A TIRIIE

X T2 Tl S R e 22 PR — 25 IR
TSR A ST 1 22 TP R 22 A4 1 IR 25 s () B 7, W]
TE T R ) sl A R ) — R A T
PP RRAERY | LA ST 3 2R e TR 7 R R
KIM 450 5R 77 i 3 4 4% 380 T 2% 4 i o T 4t
WANG S B9 T it 1A S M, g 3, it
AL B i R G — SR AR I B AR, SRR AR
WG Z R 7B A7 TR AT Witness {17 AR, JF45

SR TG, A5 AR W% 7 15 AT LU o 3t 4 1 52 )
A R R P ER  FUR T X SR Y BT 4R
TR T [l A S AFTE R, S AL AR LI Y
RIBEA 255 0 T 1) 5 it R 22 1A e e | (S AR R 3 S
RN, JU S DU R MR SR A S T RS R
HRAA LR B A BRI AR A
B3 RARES R SR A ™ i BEAE B — 3l T I X))
i I TOPR A B A A A A T R A B, A s i
AR TR AR 1 A7 2803 (RS 52 3 BR A

it L3RI AR SCAEASUT B T PR S A L0 T
7 it B A b, AR 22 18] IR A4 #f BE RIS T HILAR
7 ity A i o AR AR AR R AL AR G PE R G 2R, O
S R TN T AR 0 B AR | A i PR 2 R
A4 L ) 3 2R 00 TR Y R L

BEE£WA . HEARPEIL SR I H (51675108) ;7 AR A TTHRHLAE Bl 15 T 48 9050 = JF L4 95 H (CIMSOF2016001 )
FE—EER N TIE(1995—) , 2 I THMA B85 E 05805 0 B 47

e 22 .



- HUHIE -

IR F A TRIARAGABRE S A4 2 TR T RERR

Rl is

1.1 EBEE

AR SR USSR S 7 i Tk R S A Ay
FEHI A RS

1) M &AL F 0 M B 1T AR A I, 2B 7= 1 7= i i
REEHEGAGHE NN DR FEDL 0 0, 3 S # A A
AR TP MAEAE BTG58 , a0 56 i 3 TF 197 b i AN
Z 3N A5 TR, 1 HR 52 8] 138 T 55 5%
78

2) DIF= g S A i TR R TR 78 ¢ B2, 25 T
FF MR F= 00 7= S A, WIACA ¢ 20 MOARF g (56 i
TP T A% ) RS 3L, & TF M, 770
SN A AR ¢ B0 M T (56 0 8 TR
i ) IRES

3) T MM ToREARZ T —i TP A= RS
BIRZI BN ¢ B 20 M AR T g RAS IZE o+ 1 B2 B H
0, ( TIRYERF o MR R4S g RS, H 19, BOER
AR dORES FEL SR ¢ 2 M AT dARES A 1+ 1
W2, A v, B9 TRRYERE 4 FIER) HER 4R d R
l-v, REEHH] g IRZS

4) TP M (i=2)7E ¢ B 200 1 0E = i o Bk
M 7 =1 BPZIRPIRES 35 M 7E -1 BF 2R FRES g
W MAE ¢ BP0 B R R R A AR Y B M
1= IBFZALTFORAS d,, D MEE ¢ BEZ0 G 10 7 o o i
AEHR

M ETR R A 2 M, A BRI T g,
ARZS  WAE ¢+1 B 20 R B, (55 i 18 T 7 il o & oh A A% e
bR G IHEER) MR B & RS o (3B i 8T
FE7E S R AR R AR ) AR RE o, A Y LU
EERAGAEES B MAE ¢ BT d RS, WIAE ¢+ 1 B2
1A CBR @ 38 5 7= 0T ek R A A8 56 16l B A% B AR )
IRE R R R g IRFS,H 6,(46 ¢ T T3 7 i B 415 A
AR MRS dRE

1.2 XBEZIFHNRERMIER

Z TP T ZRGe 1 7= o ook 72 o A% 3 B AT 1R
KB ZE B T AERA TP L & FhZm R 2= 2 40, HH
TR Z AR M ERR , TR B0 EES] A% F
W2, HOE SR TSR TR TP R R A
FEIN T e AR AR T 1) B i A5 s e s e

TEPE SN T AR SR Gt B2 38 T 5 i it mf
AE NI G A G (TR R ) BL i A S48 2y
A (FEAME) MBS, KL, 518 T 7 TS 7= &
S5 HEl TP RS M 8 T 5 7= 5 s 78 5w A 56,
TESCHR [ 8-9 ] 48 i YA AR IL AL |- I 25 5 4 AT B A IR S A
L TE TR TR R AR B OCEE 2 T 1 R S
BN Tt B AR E A 1 fis,

A1 AT DG 22 T 7 i ol o o R 1 T R 3

Ap,

As
\
Ay

1 XEZTHFEBHREE

«

O30,

BRI
PIIE ¥ 7 i B A8
p(g) =p(gy) a;+p(dy) A, (D
p(d,) =p(gy)B,+p(d,) 8§, (2)
ESERN T (ki
p(g) =p(g,-) a,+p(d, ) A, (3)
p(d,) =p(g,-) B+p(d,) 5, (4)
2 EfIsh

2.1 EpfIHER

AN A e O S H sh HLA Y B 2 18] A= 7= & R A 1
VEGL A AR P R B0 25 T B BB A A 2tk . T
PERLE A P AR B AR 4 B PR RS 4 L B
PRI TR UE A5, I TN A a3 1 B, ARG AY 1
TETPETANTE] 2 fr7s (222 /N A7 R R

2 IERFNEE(TEE)

F1 IEEIMIEE
ITFAE
Pz FLA R SE DA A3 1 1 R R SR S0 R A 7

EORE T kA
2 PUCE AT IR TR 1 5 A AL T

w S A AT R I T A RSF R/ N A
3 CEE Ry
4 k% JEFA N T3 PRI S R
5 S §§Wﬁﬂ%%hﬁ%%ﬂﬁﬁﬁ%ﬁfg
6 ML B 5 B A% 4846 50 pum, B $35.03 +0.01,

$55.075+0.01 FLAMNHAFL
TR B 2 9 0« 457003 (/NI ) L 457083

7 s ‘
IF IS T U (i)

ARSCHE Y T T2 T i i RS A 18 TP T
S TR T P o R, S R TN R 753k
RS AT AR B B, Wi 285 4538 T hn T
Ja B A BEAR DL, JF AT S 0F BB A A A A%

- 23 .



- HUHIE -

IR F A TRIARAGABRE S A4 2 TR T RERR

HEATIESERAX 43, 2) W58 T 5 09 T T M5 54 b
TR A AAHEOT G LU F A &
@ Rl TR A T -1 BFiRaAs I TR Fia
A QLB TR T TAF -1 B St T4 &
AR ;@ Ll T TAE -1 B A Tt T4
JERA @ EIE TN T T -1 FREARAHEI T
B AN G

XFTP M(i=2) 76 LI TF T S, 1%
LD QFF i LB X N R o, A, FE L TE TF TR
HARBHEET GG @ & Eo X 1 7% B AE R B, .8, 5 T
XHF T M, 3L B3E T TR R 20t K i A4, i
TERD QAT i LB R FE R 0, v, ,
2.2 HEFEHRINRA

T A T ARG T A 0 4 TN T T4 5
SIS, S TPt T 5 41k, H 41t
15 1000 A TAEGTZEBM:, e i1 158 r 15 52 b 45158 48 X iz
TIFHSENE 2 FiR, ¥ 2 WBIE ALy m it
P B R (3) B T A R Sl & TP E R
TAESLAHE A 3 FiR,

*R2 HERGHNEENNNIFESH

IR Ul vy A; o; S; B

1 0.94 0.06

2 0.96 0.94 0.04 0.06

3 0.98 0.93 0.02 0.07

4 0.95 0.92 0.05 0.08

5 0.98 0.92 0.02 0.08

6 0.97 0.93 0.03 0.07

7 0.95 0.93 0.05 0.07
0.94 0.9412 0.934 1 0.9219 0.924 68 0.929 99 0.9314
° 0.94 e 0.93 e 0.92 92 0. 93 0.93

0.08

0.06 0-06 096 0.07 0.98 No. 95 0-08 .98 0.07 0.97 0.07 0.95

B3 TiEImISREEBHER

AR S 3 1) o R B A AR 22 i i e A
(192518 T Ja TAF TRt A% A 4 PR,

0.945

0.940
10,935
0930

0.925

0.920

1 3 3 4 3 6 7
TIPE

4 FmNIZ3EAERELE

.24 .

23t TV e, TAERUIN T4 48 ki Ap(g..,)
(MEM T TR B GRS 00— TP T a4 %
MI2E1H) A

AP(g.,)=P(gu,)-P(g,)

AL AT HE

AP(g,)=0.00120,AP(g;)=-0.007 10,

AP(g,)=-0.01220,AP(g;)=0.00278,

AP(g,)=0.00531,AP(g,)=0.00141,

HH I 4 A1 Ap (g, ) 1310, NS 4 38 T3 )5, TAEG N
TAAERM BT SRR BT R, R, R G e 75 15 31
ERAVTIFATIF 4, 43K 2 S ECHE A BT 1R
BB A AR AT B T R A A A R
k1 0.931 4, JJ7 B R P SE RN T TA4A4% %4 0.9349, 4
X iR 2% K 0.35% , Uk B BLAR A RT DAR i sE B oin Toak
T,

W ABTIFMHEESECE A, 0,8, 18, 75 Y HT
SCAE A IERE T, 2l ik S AR i 3E AT B P AR ISR AR
54 B TP EROIN T AR 284, RIS AT o
PR AL %o 12 i o ok A A SR B e B K, 7E B AR AR RIME 1 1
LN PR o, MO(ERENE F ORE B MR 5 i i ST R 0
R,

1.05

oo /4

A—A oy
4
1.00 M

— g,

s 0957 /‘/ |
& — —
4

———

o2
5 090
0.85
08015 -5 0 10
SR (%)
Bs5 MPSHEFRMIEGEENTLXER

I S Z AR B T AR AN T 1o A B B R T
FERIBCR RSN T 28, I3 1 T TS B0 505 4
ARG, 2N T R b, 5 2RO 25 4 36 T
e, HIRBSHEON o, o I, ZEIN TR SMIE (#4E A5
T TR T 207 g i &5 50) 2 &
I TARUEESR G HTHE T , XF56 4 18 TP AOCH) T2 RS (ML
PR TR e TTARVTHIG) 76 T v i 52 S48 |
SRV AR RN BEAT 2 HE A 05 4 18 T A2 T
St R T | BT 482 5 77 il B 5 A 56

3 &iE

A AR A TR Tl A A B, AR A

Hh A& TP )0 T ) £ 398 2 R TR e 4™ it ) A, DA
TR MR A B 2855 R0 i, T 249 4l B A= 7 K e, BT RAAE A=
PR R RN A PRy R AR SO RS
BRI T R HEAT 234, £ AT b TR e I H I
(T#E 59 ,)



X 5% E - SR A ST H AR e LR R e X IR B R

T T
0.0 0.5 1.0 1.5 2.0 25

FAAELE TEL/mm
O =FH

B 12 mMIBRMEHEETHL

LA U] S

0.25 mm

5.00 pr

(a) My

—r

5.00 pm

(b) 7 A
13 yESHAFREEREENEER

5 #iE

1) PR KSR S 11« 1, R X LA
SRS X PR EOR TR Wi i e b $2 1 7 —Ff ]
WA AT, e T 5 W R 7 IR WS O

2) ERMAL e WS AN A WO 0 )

THRE T D5 Ho A D7 HASREEW] Ut )s 19 e W AL 7k

3T RTPRR S B BRI AT A LN T ESR
3) T Y fT ELAE IR A B PR I I T A B

PE, TP TGS e W RS A4 R s i Tk, i

B2 R BRIz B BRI TARE T

SE

(1] kB A3, w2 i A 4 R M S0 2 4R 3 H A i T 5 7k
NG [T] . foias il AR ,2009(22) :26-29.

[2] REX, 5%, Ealh, % Bk THAR M. dbat. [
Bl ol i , 2008 :3-5.

(3] kw4, mirhs, bk, 55, ROk Bk b A T3
PFEMFFE[T]. PUbHIE S A 31k, 2016,45(6) :98-101.

(4] X5 AR1ES, e sl , 5 R et Sk 2L fig i Rt ss it &
ST Y. A 4%, 2014,35( 1) :259-267.

[5] ZHOU ZHI GU, DONG ZHU, TINGYU XUE, et al. Investiga-

tion on flow field in electrochemical trepanning of aero engine dif-

fuser[ J]. The International Journal of Advanced Manufacturing

Technology, 2017, 89(1/2/3/4) :877-884.

L. Tang, W. M. Gan. Utilization of flow field simulations for cath-

—
[=)}
[l

ode design in electrochemical machining of aerospace engine blisk
channels[ J ]. International Journal of Advanced Manufacturing
Technology, 2014,72(9/10/11/12) :1759-1766.

[7] KLOCKE F, ZEIS M, KLINK A. Interdisciplinary modelling of
the electrochemical machining process for engine blades [ J].
CIRP Annals — Manufacturing Technology, 2015, 64(1).:217-
220.

[8] F. Klocke, M. Zeis, T. Herrig, et al. Optical in situ measure-
ments and interdisciplinary modeling of the electrochemical sink-
ing process of inconel 718 J]. Procedia CIRP, 2014,24.114-
119.

i AHE. 2018 - 12 - 17

W A\VAVAVAVIVIVAVIVAVAV \VAVAVAVIVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIV AV AVAVAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIVAVAVAVAVAVAVAVAVAVIVAV AV AVAVAVAVAVAVAVAVAVAVAVAVAV VAV IV IV IV AVAV AV \V \

(#5824 TT)

TR R R M T A P AL s i G 2 T

) 3 3 R ) Bk RS, SR RN T B R A 38 0 5 o B Y

SN S5 AR B B AR ARG T AR AR, 4R T

AT RO ESISHE, BlE T AR A S I O 45 1 T

TR R

BE

[1] JOSE’ V. Abellan — Nebot, LIU J , FERNANDO Romero
Subiro’n, et al. State space modeling of variation propagation in
multistation machining processes considering machining — in-
duced variations[ J]. Journal of Manufacturing Science and En-
gineering, 2012, 134(2) :21002.

(2] Wb, #EtE ) E5%, 45 BRI 2 T3 Tt Bk 22
e T SB[ J]. Tolk TR S A, 2014, 19(1) :113-
121.

[3] INMAN R R, BLUMENFELD D E, HUANG N, et al. Survey of
recent advances on the interface between production system de-
sign and quality[ J]. [IE Transactions, 2013, 45(6) :557-574.

[4] COLLEDANI M , TOLIO T. Joint design of quality and produc-

tion control in manufacturing systems[ J]. CIRP Journal of Manu-
facturing Science and Technology, 2011, 4(3) :281-289.

KIM J, GERSHWIN S B . Analysis of long flow lines with quality
and operational failures[ J]. IIE Transactions, 2008, 40(3) .
284-296.

[6] WANG J, JINGSHAN L I, ARINEZ, et al. Quality analysis in

flexible manufacturing systems with batch productions: perform-

[5

s

ance evaluation and nonmonotonic properties[ J|. IEEE Transac-

tions on Automation Science & Engineering, 2008, 7(3) :671-

676.

kA, B, T, — Rl 2 ] 2R AR U R 1 i B

FE[J]. HLEL TR, 2016, 33(1) :52-56.

[8] JUF, LIJ, XTAO G, et al. A quality flow model in battery man-
ufacturing systems for electric vehicles[ J]. IEEE Transactions on
Automation Science and Engineering, 2014, 11( 1) :230-244.

[9] JUF, LIJ, XIAO G, et al. Quality flow model in automotive
paint shops [ J]. International Journal of Production Research,

2013, 51(21) :6470-6483.

[7

[

IfE A 2019 - 11 - 27

.59 .



