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Abstract: Most of the remanufactured machine tools mainly emphasize the performance recovery, which causes the
remanufactured machine tools cannot reach the prospective competitiveness. Combining the customer requirements and
remanufacturing design of used machine tools, the decision frame of remanufacturing design parameters is constructed and the
fuzzy relationships between customer requirements and remanufacturing design parameters, and the fuzzy correlations among
remanufacturing design parameters are analyzed, considering the uncertainties between customer requirements and
remanufacturing design parameters and applying fuzzy non-linear regression. Meanwhile, aiming to the situation that the
planning results deviate the actual situation due to the incapability of traditional planning equations to process the fuzziness,
the improved planning equations based on fuzzy non-linear regression were constructed by injecting the fuzziness to the
traditional planning equations. The remanufacturing design process of a remanufacturing enterprise is taken as an example and
the improved planning equations are applied. The results show that the improved planning equations can obtain higher
customer satisfaction compared to the traditional planning equations, which effectively improves the competitiveness of the
remanufactured machine tools.

Keywords: customer satisfaction; remanufacturing design; used machine tools; fuzzy non-linear regression

WisHH: 2017-01-05; 1EEHE: 2017-04-13

P4 AR B : 2017-06-14 10:45; PI&EHREHELE: hitp:/kns.cnki.net/kems/detail/11.3905.TG.20170614.1045.002.html

WS Z245(1980—), BV, MI#EEZ, H1L; HRAE: PALE TH; E-mail: xy jiang9211@sut.edu.cn

£EWH: EXRHAR=EEE(51305279)

Fund: Supported by National Natural Science Foundation of China (51305279)

SISTAEE: 24T, AR, 22, A5, T 1) JB 19 R BE AR T H A LR PR i BT S B0 R T ER 0], v 3R M TR, 2017, 30(4): 150-159.
JIANG X Y, SONG B X, LI L, et al. Customer oriented planning method of remanufacturing design for used machine tools[J]. China
Surface Engineering, 2017, 30(4): 150-159.


http://dx.doi.org/10.11933/j.issn.1007-9289.20170105001
http://dx.doi.org/10.11933/j.issn.1007-9289.20170105001

Ham FELT, A TR R A IEBTLPR T A e S Oy i 151

illls

0 35

FUAT, FREC 2oy 5 LR IHPLR AT &
RRMIER, HAP&E 10 4FLERESIHVURE
1220 T F, 80%IEMMIIRA . Pk, KIjkRE
F ] A9 P2 THATL AR a4 3 7l © 28 Ry FR R AILIARA T
M Y R 2 AR TH BRI S
RO WA T R, T AR E LR S
ZIRFUHHLR Y PEREZOR | A S £ 2 B Bl
R, (BRI AR, T AR, )
ARIXBN T HT R . IR 52 B G HR S
PG B R, 5G] 2 oy 1451 S AL R ) o
W RE . Wigse $ J1 © ok R & S PR s ALK
Pl R R R ) R R

1T OC T B TH LR P4 it e 3407 T A9 B E 32
LUK i BB O R N B R R
F, BIINEET A B A P B A S T
AN R B a e W RPN S NTTRST ARt a a2 I
A2, P B HE 5 7% R IH 25 A A
A, DR THALIR A 4548 S R R ] 12 K 141 3 1l
ALEITT o HeT A A A SO O A AR T
TUAR SR L A5 A DA 5 12 R0 77 i D C P
BT INEDAE ;s MRS F D RERR ] 14 5 vk A 45
T TRIZ B FH S B SR U045 5 TP i
AR J5 T 45 22 b 55 28 TP AR DG I Al a3 3
P Ena,

WAL, Soh!"™A5 M THT [m] 7 3 4 71 B2 ST 1 IR
IHZR A (R e ok A D R X 5 5 P 3 o i 1) 52
M ; Wenjun Gu'™48il b U I AR 5, X 7™
it A H A R A AT AT R AR DA, DA
i folb Ak i e KAl s Yang! ™3 13 J M TOPSIS
Xof AR T AT RN, S5 A IR T AT IR
W, LAFR R eI 3 R

il YRR B B TR RE A
RSB =42 v P S MUR RO PERE , 2D EEAT MBS
T R 1) A BE I 9 TH ML DR R 368 153 O v
FEIR A PR3 BT D 12k AT DA P S AL A 3
FOLRRIVERE, (HE0Z0 T &K, Al H w2
TIE MR, IS B E WS AR, LU
MR, K, SO v e B R
& 09 -l i 15 7T 2 £ (Remanufacturing design
parameters, RDP)ALAN 75 ik, MBI 75 2K (9 BE
K LIS SR A ) 3 B 1) %o P o s 18

SR
-

=z
=]
ST

(Er: S URNTIE S €/ TR B =R INZSI bk

M

1 EIEHKEGSE TSRS

PRIEALAR BEAT P& BTy, B S NI E P
il Bt SR, MR RO A RO R R T
TSR RARYE , 25 P e AL AR IO 25 1 2
JE B RAL R G o ARG T 37 S 5t 5 i S R
B, B SRS S MUK B PR RE R SR ARG,
T P-4 AL PR P R SR A T PP T B
BARKY T o 2t R0 St nl A, P
PURRIPEREF >R 24 P AE N AR, I TSR
PR3 AR LA R g (PS5 T T, DRI A i 3
SRS LRI YIS . 1A, B X T
i MUK M Rl g, AR B AN
(4, Jork B E A OCRY PRSP SH, m
oA i T2 R PR S Rl A ik S AR B
EMNE BT, 38 TR ek [ml )5 0 5
R BRSBTS RO AAESE, W 1 R,

KL, SR A S s R, R R il
T R 2 W R A A g PR S LR PR RE R OK
T LR O O A PE AR B BT 28 2 TR
e TR S R R ]k A 380 o 2 oK 5
i3 B S B MR OGS R LA L g 2
RO AEZ )09 A ARSE G R o UG S i it
HUA J7 R I R OC 2 A B RLR D5 A v
ok B A 05T 2 0 A A PR S BT B IR S A Y
P BRI AT UL IE , B 0 5 Pl i 1
WIrs s Mz Rt Al FF PO B Y
JOIR 25 L S A5t AR S A D0 X A s o Pt
THBIE.

2 MEFRSHHERHTSHXRSH

2.1 EREELMEEYASEE

T T R A AR EE, R RIE B
e R B LG B S A AR e M, AE
FE T oA SR N R I SR e A R H A, R
PR TR, N TRCR(CRY ALK my Wige sk H
PR(OFY, i TAEEE(CR)Y AL R my T p 5K H A
(07), il A (CROYFE AL R ms TP 5K H A
(09, BEME(CROFALH my YLK HbR(O%), 3
A om BPE HAR, BIYE HARX R 1A



152 b @3 x T T

i= 2017 4F

+ Obtain customer
feedbacks

+ Identify improvement equations

______________________

« Construct planning

* Mechanical fixing
« Surface engineering
» Remanufacturing

points
Select RDPs

« Obtain RDP values
« Remanufacturing

control

+ Calculate fuzzy
relationships

RDP planning

Used machine Remanufacturability|

»

process planning

Remanufacturing plan

Remanufacturing

* Re-assembling
* Detection techniques

Remanufacturing

i i
i i
1 1
. 1 1
tools detection ! planning !
i i
1 1
F— 1| New parts
i Example T ! P v
1 1
! database [ —
Reasoning ;
i __RDP S & H Reuse parts »| Re-assembling
Size precision !Geometry precision| ! - ' P
1 1 1
F;zz:;‘c(l’s‘ p‘{gg?:g[) : Roundness || Parallelism : : -
L 1 \ | | Remanufacturab
plr-cocl;gi‘gn ” ' Cylmdrlcnlyﬂ ' i ility parts
> i ' RDPs i Reach standards
i 1
g?c?lgéf] |J :I Flatness ﬂ : '
| 1 T |
| 1 1
| | Reached
1 1
i i
1 | X
1
! ! Selling
1 1
1 1
i i
j] 1 1
= | | v
g é Fuzzy ! ' c
relati i tomer ]
S5 » relationships i us 5
22 matrix i feedbacks é;,x
|O2n=2 ! S
i3 ! =
= =
1 )
Satisfy Customer
* Re-obtain customer requirements « Re-select the fitness satisfaction
* Re-select RDPs « Re-match parameters v
» Review customer feedbacks « Re-match process Saving to
database
T T Unsatisfy

1 S SRR

Fig.1 Decision frame of remanufacturing design parameters

w;, HYM wi=1, HREEFAI DS

E P
01 01
07 Z
CRF - , CR" > ,
oL, or,
(D
C S
01 01
C S
02 02
CR¢ - , CRS >
05, Oy,

XFF 2 AR A PR R, B2 75 SR AR
SR RS G RSB W R OGS R

PLRAS [ - i B H S8 8] B H ARG OC R AP
W ATENE, MBI L W3 2 RO 5C &
T ARAL B AT A AR TR, REE A AU A
KR FZ TP HRIAHRE M R AOREM o PR R H]
B LM ML OB 7 oK 5 PRl 5 T2
B 1) A AH O 2R LB ) ) i B 2 5 1)
(9 H ARSI R AT 0 . RIS R TR, X
Jo 2 % 5K 5 P A BT S B R B A OGO AR A
ENOV

Yi=Aip+Anxi +AnXip + -+ AijXij + ...+ AinXin
i=1,2,3,-,m 2

Kb, VoREE | TPk BRI & g, St
H om TR BbR. B = (X1, X0, ..., X)) N5



Ham FELT, A TR R A IEBTLPR T A e S Oy i 153

Pk H AR YiAH 0 n 50F 3 BT S 5 i
A= <AiO»Ai1 ,,,,, Ain)ﬂ‘:’*ﬁ*ﬁ?é%\ ) f AR OC FR
IR, HATE OB 32 = A
MWK S BIE RO, T = AR Lo XRR = A
BB AR PR = A, NG,

A=(aa"),A=(d"a,a}),A=(ab,c,d (3)

B SO BT = f6 BRI 25, (KN
S I SR O TSR T BT, L
TEMAEG RIS, HRIET s =
HE BRI R TE 5 S P R 3 T Bl
WIS, {FECFT A R R b, SRR
RS PES ST Bl e
A, AR = A ORI R X B = A S
o, R E B BORI R AR = A
ST O A R AC, T1 R HGm A A EA
Wi S, B, RS, SRR = A
BEMIRA = (af ol BORBEBIGR, AR

C ;-
G~ e

— — % .. C
1 a7 4y al.jSa,jSaij
- ) = a;j—as.
Maglaip =y 1 9% ge <q<at +al, 4
ij ij i 12
0, &

R, af A IR E R R 20 A
THEROS N ARIOC R R E, BIRMES af, i
BifE, BIRME. @)

Y= Z (a‘x,a’x) 5)
i=1

L,
acz(alg']’alé_‘z,...’a,',...’
R s § e e
a’ =(a;,ap, a4,
xz(xlaxZ"",xj9""xn)
HSRJm B RN -

a‘x —y;

\

1 ——,a‘x—a‘x<y;<a‘x
asx

] yi—a‘x
asx

0, e

M) = ,ax <y <a‘x;—a’x

FE T AR LD [l U1 4 it 2% 7 =K 5 - 1
TS0 R 3B [R] 8L R (i A O] 5 28 R AR
FE N, R hE(6):

minz = Z a’x ©)

i=1
s.t. /.lf/i(yi) >h

K, he O, DRI, HRHESCPRIE L
NG F W, GHARERAEE ., —BFEAE
wiL, HAAL, 2R, HHE s IEZ
PEEARRED, IR GIRA(6), AT

n
- 2 2
minzg = Z (aj; xij)" +&(ay))

J=0

S s
stt. (1- h)al.jx,‘j +a;xij 2 yi %
(I =h)a};xij—aj;xij > =i
afj >0,x;>0

i=1,23,....m

Horft, SR IER. (7). T
55§ TR y, RS, Z i
BOWIC R A, [RBEAT 1 R R s R 2 e )
B [ MR IE R

n
: s 2 - \2
minz = > (@ ) +£(d5)
=0
sit. (1- h)a;jxuv + a,ijxuv > Xuw
(I- h)a;jxuv - a,ijxuv Z —Xuw (8)
a;j >0,x,>0,x,,20
u=1,2,3,...1
vwwel,2,....nHv+w

L, x,, WEBuHAMIEXRT, 5
X HAMRRRHHE BTS2 R, LA 14A
HRKR

22 BUAMBHIERITSHAKIGE

AN [R]-F ) 1 2 05 o 2 5 oK 2 8] )
KARZIA, AL 3 i D7 AR B A [
AR AP i BT S RUE

V: V(yl3y2 ----- ym)
cl cl cl .
st aptapxitota;x, =y
c2 c2 c2 c2 (9)
aryytayjxi+--+ta 1 Xp—1+a, X1t
---+a§ix,, = Xuw

2R @) act e at A K 2R R £
aB.a2 a2 IR T, p %75 x,
HA EAC RIS x, (0 B, AR
7R AR A A W R . R SCHR[17]
24 4 ML I U 5 R H e



154 b B xR T LT IR

2017 4¢

AR LA [0 5 J7 R A5t AROASERY 5C AR A ASERMY 2 3
ORI A A [T U5 07 AR AT 1 OB SC R i, 2tk
[ DSV R A 1Y A AR 5 28 O RER JEE Ro #iks T
0, EFRMLRMEBMIE R £ TR, Wik
5 HLSLARIRIN A T K5 R 3 B AR = ]
AR 2R o IR G RO LA D7 R JCIE FE 70 % )8
RN S 2 FP RSO L R ORI, RO OC AR AR
NENER R DA TAC IR, 38 ORI T R ) R T AR

N T FE0 75 JER OC 2R AR LA R ) R
HEROE BT JRCA MU D7 AR 0, anst(10)
JIR «

(1=mal+-++ (1 =h)a x,+
1 1 1
ajo+aj xo+-c-+aj, X, > yi

(1=hyajy+--+(1 = hyajl x,—

(10)

cl cl cl .
dyg—dy X2 =~y Xn 2 Vi

BFRO)ME, AHE0)%E T H Rk
(ISR, B REAS LS M A8 I 75 oK 5 P s 152
TS EZ RS, PR T A5 et i B3l oy /2
KAV

V=Vli,y,..., Yim)

k k
1 1
s.t. Z(l —h)afj xij+Zafj Xij =i
= =

EW VEW

kp=12.3,...

AN, BTN G RTS8 X 55
§ TR >R PP y; Z RIS R R AR,
k KRy, BA R B 6 1 B S5
B J5 IO RS BTS2 x,, 5 X, Z AR F
FRKRAR LRkt 580 F ] T B OC & o
AR JE , ol o) s AR D7 7 L Ak BEASOR)
KAMABEST, WA RO PR B2 5 oK P A 5 A
WISCAR, (R - DO S RO T
TPRE

BEAh, S 1A R il P i A, A E

AP E B SR EA PR X, TEARCHR
T E A XA S RER AR R

3 SEBlothr

DAFERUAR T 1 Al A% IH CAK6136 Pl i i
TN ), % L HE AT P S o S B A
CAK6136 FE TGS, ST MRk T 54
RS0 T, AEHUAH] v AN F 2 . T )
MRS E YR E CAK6136 RIS B kHE , i
BN B HE RO BIERE IR, A
HEIRFIERE AR TE, SRS EZ) W HE LR
AT R BN EE T 5 d 01, TR 2T 8
AP S Tkt . S5 AT IMARSE R,
X P e AL ARG 4 41 B 5 s 1T 9 E ) D) B L4
I T A T A B RE 7 A T R AR A, Rt o
HILPR 11 P ) 35 15 TS 000, 5 DA o 2l 2 P %
A7 T AT o A A B ARER T 247 A
FOY TR BRI ILR BT bR, i A G
TG BT SRR R 1 PR,

M 1 AfE, WiE 1, WH 2, BE3 &HHE S
B WIS EAE, WO H 4 1 —-0S5. R
TR T R T BN 1 A e P
SEGATIIRI, ]I 3 75 B UE P 1 AN AN 25
IR MRS R . B x) FoRTH 1 e S
B, Lhx, BmIiH 1 HE bS8, DS,
E xo FRTH S b 28 Wiz eagkhm
6 5 F-Hfl 3 HLIAR 9 S5 G0 7T LR X 6 S ALK
PIARRISE S A HEEZ MR, CDEHP
X 6 5 PR HLARF R T2 1 PR 5S4
TS AN P B3 5 A B R ] 3 o R 8 TR e
FonomE 2, B2, B R A R R
B, HH B X2 P LR A 3 i T LA R
B TR TR B RSk IR R A% v B LA RS B
INTHERE 4 DB TG 3R, $1408L 1-10
R EEE, BURE G S LR SC T R — I & T R
W B Z A AT 50 - BME 3 (E B 7R 1
B R MR SRR B R LR Y
RIPERES R, LI R w8 SO R o

W o = P R AR A SR (7) H T DA B
oK 5 HHE BT SR RIAH D R, 35
Ui s (4 LT A B 5 3= il tn 1) s 0 5 S il s S
T Bk 8h 22 8] RS A E S P [R1UA 5 2 R (h=0.5) -



5430

FELT, A TR R A IEBTLPR T A e S Oy i

155

minZ = 36a3+0.045%a; +0.105%a3+0.01 (a3 +a;+a3)

0.5a9+0.003a; +0.008a; +¢o+0.006¢1 +0.016¢; > 9.6

0.5a9+0.003a; +0.008a2 o —0.006¢; —0.016¢5 >-9.6
0.5a0+0.0035a; +0.0075a2 +co+0.007¢1+0.015¢; > 8.6
0.5a0+0.0035a1+0.0075a,—co—~0.007¢1-0.015¢2>-8.6
0.5a9+0.004a; +0.0085a +¢o+0.008¢1+0.017¢; > 7.6
0.5a9+0.004a; +0.0085a2 —co—0.008¢,—0.017¢2> ~7.6

0.5a0+0.005a;+0.009a2+cp+0.01c1+0.018¢; > 6.3
0.5a9+0.005a1+0.009a2—cp—0.01¢;-0.018¢, > —6.3
0.5a9+0.003a;+0.01a+co+0.006¢1 +0.02¢2 > 9.2
0.5ap+0.003a;+0.01a2—co—0.006¢1-0.02¢; > 9.2
0.5a9+0.004a;+0.0095a;+co+0.008¢1 +0.019¢; > 7.4
0.5a9+0.004a;+0.0095a2—cp—0.008¢1—0.019¢, > 7.4

ap,ai,ay =0 (12)
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Table 1

Remanufacturing design parameters based on performance requirements

Sketch

Test item Error excepted / mm

a. Axial movement

a. Vertial
b. Horizontal

a. Vertial
b. Horizontal

Runout in spindle nose
b. Shafts shoulder runout (Including axial movement)

Parallelism from spindle axis to slide

a. 0.01
b. 0.02

a.0.02 in 300
b. 0.015 in 300

Parallelism from tailstock sleeve axis to slide

a.0.02 in 100
b. 0.015 in 100

a. 0.04 and less than

C a. Equal altitudes between headstock and tailstock . .
— | | ‘ tailstock height
L1/2 . . . -
s a Ex-circle finish turning precision .
a.0.02 in 100
5 a. Roundness .
. . . . . b. 0.03 in 300
He L2 e L2 H b. Diameter consistency in vertical and horizontal plane
T
Customer requirements | Weight X X2 X3 Xy Xs Xe X7 Xy X Example 1 | Example 2 | Example 3 | Example 4 | Example 5 | Example 6
[Spindle geometric accuracy| 0.2 . . 9.6 8.6 7.6 6.3 9.2 7.4
Slide translation accuracy [ 0.2 . . . . 7.4 7.6 7.3 7.2 9.5 8.1
Body equal altitude 0.2 . 7.5 79 9.7 93 9.0 8.7
Ex-circle precision 0.4 [ ] [ ] 83 6.6 8.1 7.6 9.6 8.1
Remanufacturing machine tool I | 0.006 0.016 0.018 0.011 0.016 0.013 0.036 0.017 0.018
Remanufacturing machine tool 2 | 0.007 0.015 0.016 0.010 0.017 0.014 0.034 0.016 0.027
Remanufacturing machine tool 3 0.008 0.017 0.013 0.013 0.018 0.013 0.028 0.013 0.022
Remanufacturing machine tool 4 0.010 0.018 0.019 0.014 0.019 0.010 0.029 0.018 0.020
Remanufacturing machine tool 5 0.006 0.020 0.018 0.009 0.015 0.008 0.030 0.014 0.016
Remanufacturing machine tool 6 0.008 0.019 0.017 0.010 0.014 0.012 0.031 0.014 0.021
Performance improvement limit 0.005 0.010 0.015 0.008 0.016 0.010 0.025 0.015 0.020
Detection standards 0.010 0.020 0.020 0.015 0.020 0.015 0.040 0.020 0.030

2 PR BROHURE
Fig.2 Quality house of remanufacturing design



156 b B xR T LT IR

2017 4¢

Ll 3. a,=1.047, a,=148.8,
a,=58.103, ¢y=8.373 6, ¢,=15.006, c,=7.394 4,

PR, 3t 30 %) J LA H 2 5 3 Al i) 5 3
55 Fe il S 4 Tk B 22 R AR AR i D6 R T
HN3)FR:

y1 = (8.3736,1.047) + (—15.006, 148.8) x1 +
(=7.3944,58.103) x (13)
[Fi) JHL AT 73 1) JH A B3 25 75 oK 55 A ) P o 3 15
SR BB G R K X X (8B B x5 5
X5\ Xy Ej X6 ZI\ETJE(J E*H?@?‘é% s EE%‘:{ 2 F)]"/jf\‘o

®2 MEFREBHERTSHEXAXARBEXXA

Table 2 Relationships and correlations between customer requirements and remanufacturing design parameters

Intercept X X X3 X4

X5 X X7 Xg X9

CR1 (8.371,05) (~15,0.148.8)(~7.39, 58.1)
CR2 (11.54,0.32)
CR3 (9.55,0.97)
CR4 (9.07, 0.86)
X3 (0.016,0.002)
x4 (0.011,0.003)
x5 (0.016, 0.002) (0.004, 0.08)

X¢ (0.011, 0.002)

(0.008, 0.072)

(~1.67,20.5) (=5.26, 29.9) (~3.68, 20.3) (—329, 23.4)

(-27.6, 31.6)
(~6.06, 54.9)(~33.9, 43.3)
(0.007, 0.06)

(0.005, 0.097)
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Table 3 Overall satisfaction of remanufactured machine tools

No. Overal satisfaction, V'
1 0.803
2 0.718
3 0.792
4 0.735
5 0.932
6 0.785

RGN TR H R AN (16) R -

1.05+148.8(%) 58.1(%)+8.37—15x1—7.39x2>y1

1.05+148.8(%)+58.1 (%)—8.37+15x1 +7.39x5 > —yy

X3 X4 X5 X6
— |+29.9(—+203(—=]+23.4|—
2)+ 99(2)+ 03(2)+ 3 (2)
+11.54-1.67x3 —5.26x4 —3.68x5 —329x6 > y>

0.32+20.5(

X3 X4 X5 X6
0.32+20.5( : )+29.9( : )+20.3( 5 )+23.4( 2)
— 11,54+ 1.67x3 +5.2634 + 3.68x5 +329x6 > -y
0.97 + 31.6()“—27)+9.55 —27.6x7 > y3

0.97 + 31.6(x—27) ~9.55+27.6x7 > 3

().86+54.9(%)+43.3(%)+9.07—6.06x8—33.9x9 > va
X8 X9

O.86+54.9(7)+43.3 (7)—9.07+6.O6x8 133950 >—y4

0.002 + 0.006(%) +0.016+0.007x3 > x5
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0.006 -0.016-0.007x3 > —x5

— —

0.097 )+ 0.011+0.005x4 > x¢

DB g N

0.097

—

—0.011-0.005x4 > —xg
0.08( +0.016+0.004xs > x3 (16)

—0.016-0.004x5 > x3

(SR Y R~

0.08(

D —— —

0.072 )+ 0.011+0.008x > x4

—_—
| &

0.072(%) ~0.011-0.008x > —x4

VL A LS T R A R AN
Z IR SC R, WALEE T Pl iS4
X35 x50 x4 5 xg ZEIB ALK RAR, LI,
P 3 25 A M RB B T AN R A 1 BB 1) JCRR
PET&, Pl 2 R 1 P RE B T 1Y R B ok
1) P ) 2 AR B T AT S R R s e . A
I, BT LRH LIS, EX A R
ZHGA N IR E — PRI T R IR B, — i
FH Ailb P EB AR A Al SE BRSO , 2 T AR
PEATHE, Nk 4 Fin.

*4 BHEERTSHIRE

Table 4 Limiting values of remanufacturing design parameters

RDFs Limits / mm
Xy 0.005
X 0.010
X3 0.015
X4 0.008
Xs 0.016
Xg 0.010
X7 0.025
Xg 0.015
X9 0.020

FEXT 2 1H LR R4 151 38 PR B4R e, X
T IR 3 B SR RS THAR DE  3R 4
TR e B, 5 U2l P 3 A 5 T AT e e i
FraesZ mya s, ik, X1s). m=aDERn
JA 23 53R 4 i 29 (B 2 (W 2H B 1 7 i R
TR, UL T R T T R v RS
BAEHM . x=0.01 mm, x,=0.02mm, x;=0.019 mm,
x4=0.014 mm, x5=0.019 mm, x,=0.01 mm,

x7=0.04 mm, x¢=0.02 mm, x¢=0.02 mm, A} HFx

PREN 17=0.98 , 5Pl 1 HLIR 14 3 TG DA o
FIXTECAT AR IR, 3 b2 X TR Al s B 1) 747
T T L TE P bR ME (R R R 9 0.02 mm $2 R
0.019 mm; ZE7K -1 P FRIEE 1 JFR ) 0.015 mm
$2T14 0.014 mm, B HEEE M XHE AR ST
A7 BE A 3 I PN 09 B 1 PR JBR 19 0.02 mm $ 7
29 0.019 mm; FEZK I P A A5 A B Rk Y
0.015 mm #2747 0.01 mm. K544 MR 7E AR T
LR 1 —BOEARE(E B R Y 0.03 mm 42T+
0.02 mm. IAl, S E LRGN 0.98,
BIE T3 3 Bs A 1 6 G HSIENLR,

1100 N = VAR B e i DS L 2 17
ML GE i ST i, B 25 RO ¢ R A R 3%
Wi, AR AR IR A R 2R

8.37— 15x, = 7.39x2 > y;

11.54 — 1.67x3 — 5.26x4 — 3.68x5 — 329x4 > y2
9.55-27.6x7 > y3 (17)
9.07 - 6.06x5 — 33.9x9 > y4

0.016+0.007x3 > xs

FIRELE(15) 8 AbResl, DA 4 il iz
HSEOE S B, DURIR) 9 75 125 AT A P
Wit S8k : x,=0.005 mm, x,=0.01 mm,
x3=0.016 mm, x,=0.011 mm, xs=0.016 mm,
x6=0.011 mm, x,=0.025 mm, xg=0.015 mm,
x9=0.02 mm, V=0.81, i if Bk py MR 5 #i1s
S5 R G iE A G R DT B A A R S R 4
PR FR A 25 T3R5 HEA X

MXFHEE R KR, x1, x0, X5, X7, Xg, Xo )
E53R 4 TP PERESR THRBREARSE, T x5 5 x 28
SR BRAEAE 22 AR/ o A AR e LR O R A5 Y

x5 BHEMXARSEEAXE R

Table 5 Results comparison of improved and tradional planning

equations

RDFs  Limits / mm

Improved / mm Original / mm

Xy 0.005 0.005 0
X) 0.01 0.01 0
X3 0.015 0.004 0.001
X4 0.008 0.006 0.003
X5 0.016 0.003 0
X6 0.01 0 0.001
X7 0.025 0.001 5 0
Xg 0.015 0.005 0
X9 0.02 0 0
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T 5 BTSRRI L P e B R
AR GRS, AR
BEACHA 0.81, BRS¢ iy i R Oy R A
1) 0 %6 5 8.(0.98) o KA, LT AT AR
PR AR A PR R P A O R A
A VAL, B A P o A ok il 2 an =X (18)
FIiR

Ci=10°Q7 +1.5x 10707 +1.8x 10°Q; +3000 (18)

X, G WA BRSSO S RBUNA AL (E,
PRGBS Aolb AR R B — Bl A B, I
ESLPR A s O, E i W™ IR, TEMLHI R
SRR E; 3000 Ko A 3 15 2 A A (E
DU AR -

C=)C (19)

MR AR A B S BT S B R T R 5L 4t
RS R, 456K 2 T s S50
MARAENE, A (18)520(19), WAL A%,
MBI = 0.73, BISCr i h A R F 20
K77 1 e P s A I 27% 0

FRAE SO P 1 T F S EON R, X
CAK6163 AT IS, Fifaxt L& 3 s,

AR R FH SC b vk R AT P TR T B P

(b) After remanufacturing

B3 BRIEHLAR A A5 L
Fig.3 Comparison of wasted machine tools before and after

remanufacturing

BUR BRI & RS B0, 15 55 T P A 1
R, 2 I A7 T ol el AL AR B AR i A i — 4
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DAL 8 -1 2 A A 77 1 R A G P00 S5 1 o
WHLRI B bR, PREEH SCh % 7 vk i A 2ok
LKy

4 F B

(1) EFXF BT P S BT B 1A 2 SR s
RSO, M T THHLR P B e
P T PR IHBLAR A S B S EORORHESE, JF
& 1T [ O R P R IR LR P T S
BRIk o VR 1 el BRI R 2k 1 E
FEOAT T & 75 oK 5 i R T S5 [ A G
KFR, VAR P S S8 A [ A
Fy M R O P TS A T R A
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o P X ATL AR 4 Jo i 2 B
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