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Fabrication, Polishing and Application of Diamond Coated Compacting
Die with Sector-shaped Hole
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versity, Shanghai 200240)

Abstract: In order to improve the wear resistance of the shaped compacting dies and the quality of as-produced cables,
adopting the hot filament chemical vapor deposition, a type of high-performance diamond film was uniformly deposited on the
inner hole surface of the compacting die with a sector-shaped hole that has been optimally designed. Such the diamond film is
the boron-doped micro-crystalline, undoped micro-crystalline and undoped fine-grained composite diamond film, which shows
favorable adhesion, relatively nice polishability and high wear resistance. Afterwards, as-deposited diamond film is polished
by a combined polishing technology, including the mechanical polishing using an automatic wire, abrasive flow machining and
the manual mechanical polishing, for reducing the surface roughness Ra on the whole surface of the inner hole to below 50 nm.
Finally the diamond coated compacting die was employed for producing the Cu sector-shaped split conductors, which can
replace the low-efficiency conventional extruding technology. The shaped wires produced by the conventional technology
show a surface roughness Ra value of 1.027 um, while the application of the diamond coated dies can reduce it to 0.473 pm.
Besides, the new cables also perform lower electrical resistance under the conditions of smaller section and lighter weight.

Keywords: chemical vapor deposition (CVD); sector-shaped hole; compacting die; diamond film; polishing

WimHHEA: 2016-08-03; EEIHHA: 2016-11-11; ESME: *HFE KRR EE(51275302); L5 R 5 4:(152102060056,

2016T90370)
BIRAEE: ERHIA988—), TN, Wil: fAKAE: SRIAMHRKEE. Stk N H; Tel: 13585748931; E-mail: wangxinchangz@
163.com

PR AR B HA: 2016-12-14 15:49; ML RRHIE: http://www.cnki.net/kems/detail/11.3905.TG.20161214.1549.010.html

SIcAg: R, ERIL, PN WA 2 AL 2 BB 4 . o6 R S I [I]. b 0 TR, 2016, 29(6): 75-82. WANG X
C, WANG C C, SUN F H. Fabrication, polishing and application of diamond coated compacting die with sector-shaped hole[J]. China
Surface Engineering, 2016, 29(6): 75-82.


http://dx.doi.org/10.11933/j.issn.1007-9289.2016.06.011

76 b B xR T LT IR

2016 4F

jilllg

0 5

P gE g 21— RO SR 22 AR T -G 4 S i
T L BECnE 1(a) T aiR), X iR 4 =,
fE i L R v, O T ORI AR T g
SRR BEBIRE, AU IR Bk, X3 E
HIBE T BN Pl 2 B Bl e T 2k % SR B A
ESRTE N wb) SR TR TN SR E SIS E 9 e
My R FRA G TR E1(b)FToR), KA A
7 ] DL 25 B i G R T 7, A5 BRI v
o 7 TS B 2R BL T8 K R S8 A AR AR T,
A 73 28 T AR IE BE AL i P 2R B PRI L LA Y
Ky WK AT TR B BT, A R R R
I T L A A BRI S, AT RS B4 i 2

B RE ) AR H A L B v e I R
PRI,

Single wire

(a) Circular cable composed of circular wires

Trapezoid conductor
Sector-shaped conductor

(b) Circular cable made of shaped split conductors

1 RT3 2 S AL B AR A 5 B ) HL B R
Fig.1 Schematic diagrams of cables composed pf circular wires or
shaped split conductors

I3 2 R R 22 AR S e bl T R
o2 i T H RS R BON 2 2%, R A& el
i e BT AR R IR N, RS AEA
LA B R LR, WA W, DA s b/
P 2 RANRR SR T, HiZ T AL
AR 7 PR ZE AR B R, TP E R T R
Birs PR o SR B e AR AT
BRI A I A S R LR 2 W 5% 1) 1=

AR — BRI A G, A
BN, R A S SRS E (N
i) 2 ) FR) PR DR ABUEK o

2 S AHYTRY(Chemical vapor deposition, fajFR
CVD)4x WA 3 LA 30 TR AR 4 A PR K o )
PR PER R . S B A VERE . B I AL
TR B AP ARG E T, JUH AR B 2
DRI, A H A A AL P L T 5 ok R Vi
7, AR BISEEAR A AR A, SGE R #HED)
PR TSR ER . W TR RALEBLR, X
F v ez 155 80 R T8 2 8070 He N LR T DT RR 4
WA S P T 2R 7 B0, (R T AT R
LB SRR S, R 0 L A2 Ay A
DU ST & B, A Be PR UE P L3R TH DT
< A B ) J P S T B S MDY, ) T e A
oM NHARCEE, AL, TRy T
QBB S, HMAE Rl hA N
SEMR PR AR, i 2 BTN ) B WA RN )
SErPIL WY S, R e R A A A AL g A
I FL3 Ao A M CUBUR] 3, BRIk i A5 &5 5 AL
RV Tt 7 TR E < WA S R = e R LA 2 R
RIS P RN .

FAAE R S P9 AL TIOR3 0 2 1) 4 I v
JIE 1 28 TR 56) T LS S 1 o A AR A B
W, 4 A gy Al R AR IR A IE A OK 4 NI
(Undoped micro-crystalline diamond, & FRUMCD)#
JBE AT s AR A WA AR PR, R 0 S 1R T
BRI VE R W e T IO HE R, FEI 2R )1
PG BEAE SR TR AT IR, B S i
G IR N RSB, 3 SO Y R AR
Sy 57 R, ToVE AT A0 e TR T B 1 e
AN, AR R 55 A o <6 A4 2 () 1) B 1 g
BEFED, TR L < WA R SR A T A
it m N FER R —. B Bk, EH
HNEZ TR T 2 MG G WA IR GTAR 20,
RN T B E SN 2aavene, P AR
FRZHTT I VN5 ZOK -ASETOK - A FIE A b 52 5
%W (Boron doped micro-crystalline, undoped
micro-crystalline and undoped fine-grained composite
diamond, {##xBDM-UM-UFGCD)# i, Ji 20l
BRI N W] 2 G R A R RE, R E
AHEA &84 M4 (Undoped fine-grained diamond,



% 6 H T, A R ERR R B AL SR IR % 6 SN 77

iR UFGD)#EE 2 T4, W MIUMCD 3 i 2 X
A0S R L (1) il R S 5 1P R 1) 23 A
FAERIM,

SRR R, JEHIECVDE R T 5 6
2 4 WA T e A L i o e v A v )
OB L, AR R AR SR R A e e R, R
A 2 TR RS B 0 T = i i s i 2, RO
(1 45 DI 0B el Al A2 I P 75 SR G I s L
A WAL ORI R, S B Rk il Ak 3] i
BUE ) P T, R bt 4 ' Jeb % v A7 7 e T i
L i 1) S8 5 1 2% 1) Sk B R U, O EL G
I 4 57 3 G 5L 8 R TS N R BB 5 . A
A 0 5 1) 8 P T 8 o R, R
AR N LR I POR S NIA I &, B
X LG T EREAT B, O T AL 4 A R R
J2 S RUREHE Ak AR BT R B R

T SEET R B T AL LR B AR Y H sk, 6
RN FLIET T LR BT, ARG R Z2CVD
(Hot filament CVD, {##FXHFCVD) /7%, #ERiA
S IR N FL R T YU BDM-UM-UFGCDif
R, JER ML A sh 2kt Bk IoL & F T
HUMHOSE AN 25 25 i s T 2T, e 48
W JBURR B 53 %8 S AR B 2 8 I AR i R b igE AT v
IR -

1 i I

1.1 REURFLENET

TR T T U U A % 1) < I AT LR 2 B T
FL B L B Fa AL 19 2 FH 6T 5 by i 1 Dot Bt T 93 %4 5 44
RN L, 1% AR IR 70 mm?,
FAL BH 25k AN 7268 mQVkm, 22 Fi4542.6 mm,
B 22 FRACM 1ARR (BRI Y. He 47 LK 45.0.943 6).

Bl BREIR, RO Bk RIR A R
AR AR RS B, K N R B T AL 2k B AR 11
SERM VORI A 0 78.774 5 mm?, Vit ALt &
207R, R TEALESAL ) 222484 10.45 mm, 5
TEAL3AN A 1 22124 2.4 mm, E5 10 R
JCO T TEI3] T LA, iZ%SLIIE F i 40 4
SRR A, TR 2 HAR 2.6 mm,
AL E SR e i 37 RS U Eol N SE 2 1) T2
)8, JRATLE A 3 Mot ik B b B R 1 A )
DA T4 2 55 AL ] (ARG [l 8 3

2, /
)

9.4 mm

&
<

K2 BRALGE R R it ALY
Fig.2 As-designed inner hole of the compacting die with a sector-
shaped hole
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Table 1 Deposition parameters for depositing the BDM-UM-UFGCD film on the inner hole surface of the sector-shaped drawing die

Parameters Nucleation BDMCD growth UMCD growth UFGD growth
Total gas flux / (mL-min™") 1200 1100 1 100 1200
Acetone/H, volume ratio / % 2.5 2 2 2.5
B/C atomic ratio / 10 0 4500 0 0
Reactant pressure / Pa 1 600 5000 5000 1200
Filament length / mm 60 60 60 60
Filament diameter / mm 0.7 0.7 0.7 0.7
Filament temperature / ‘C 2 100-2 200 2100-2 200 2 100-2 200 2 100-2 200
Substrate temperature / ‘C 800-900 800-850 800-850 800-900
Bias current / A 3.0 2.0 2.0 3.0
Duration / hr 0.5 5 3 2
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Fig.3 Shematic diagram of the mechanical polishing using an

automatic wire
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(a) Conventional technique using the roller

Roller
Single wire

\

(c) Schematic diagram for roller

Shaped conductor

(b) New technique using the coated compacting die

Compacting die

Single wire

Shaped conductor

(d) Schematic diagram for compacting die
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Fig.4 Production field and schematic diagrams of sector-shaped split conductors
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(c) Crosssection morphology (point C, middle)

(d) Cross section morphology (point A, end)
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Fig.5 Surface and cross section morphologies of the diamond film deposited on inner hole surface of the compacting die with a sector-shaped hole
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Fig.6 XRD patterns of the BDM-UM-UFGCD film
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Fig.7 Raman spectrum of the BDM-UM-UFGCD film deposited
on the inner hole surface of the compacting die with a sector-

shaped hole
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Fig.8 Ra values at the different positions on the inner hole surface
of the coated compacting die with a sector-shaped hole at the
different stages of the polishing process, and the surface
morphology at the position C after polishing
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Fig.9 Actual dimension of the inner hole of BDM-UM-UFGCD
coated compacting die with a sector-shaped hole after the polishing
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Table 2 Comparative results on the quality parameters for the
split conductors produced by different technologies

Property Sample I Sample II
Electric resistance/(Q-m™) 261.86 266.27
Cross-sectional area/mm? 70.24 71.06
Weight/(g'm™) 594 595
Ra/pum 0.473 1.027

10 cm

(a) Conductor produced by conventional extruding technology
! -
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10 cm

(a) Conductor produced by BDM-UM-UFGCD

10 RAMEGR 5 K T 2 A BDM-UM-UFGCD#i 42
TEALBE K B R 1 e T 73 2R 4

Fig.10 Split conductors produced by conventional extruding
technology and BDM-UM-UFGCD coated compacting die with a
sector-shaped hole
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