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Research on 3D printing of PCB circuit

LAI Xinquanl,2, DU Hanxiaol,2, HE Huisenl,2, LIU Congl,2

1.Institute of Electronic CAD, Xidian University, Xi’an Shaanxi 710071

2.Key Lab of High-Speed Circuit Design and EMC, Ministry of Education, Xidian University, Xi'an Shaanxi 710071

Abstract: Since more issues such as low reliability, huge environment harassment, complex generation procedure, affect

of high frequency noise and so on should be solved in the conventional PCB making field, Using 3D printing technology in the

PCB making process has become widely used. Based on the development of 3D printing technology, the PCB making with 3D

printing will become more and more convenient. In this paper, the author mainly presents several research aspect such as the

type of 3D printing technology, different 3D printer, 3D printing materials, the procedure of PCB making with 3D printing, the

3D embedment and so on. Besides, several ideas about PCB making with 3D printing technology are proposed, and the prospect

of the future development trend in this field is also presented in this paper.

Keywords: 3D printing technology; PCB making with 3D printing; 3D embedment; 3D model of PCB print
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Development Of High Performance Cast Rigid Axle Housing
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Abstract: The structure and classification of axle housing were discussed in this paper. The process of high performance

cast rigid axle housing was also introduced. The solution of casting process problems including shrinkage porosity, too many

densener application, casting distortion and core distortion were put forward, and the effects of exothermic riser on casting

microstructure and property were detailed investigated.

Keywords: Cast Rigid Axle Housing, Exothermic Riser, Shrinkage Porosity, Densener , Mechanical Property

1 ]k

XSt 7 2 b A VY
BETMZ— Wahth ekl & RN
EHENER, HFREmERER,
TERAEBR SN 56 251, Hlsh T,
e A m e M e L Bl E
LN o Rt Rl R K E
i, AL TIER, I eSO T8k
. Tl e MR B L SR E (s
i HISNE

SR SR WA S o Py

A BRATAS A =R Kk
A Fe i H S TZER AR XA 54
Fm AR, AR IR, WE
IR BB, AR PR S T2

ARE SN R B R AR AN TR
FEREE S, RPN S

Rt — P B i i R R U T i R
FERIMIRE , 518 e 1A 3 e O T o
ANBRINTEWEEALREE, I
MSHETIENE, E2FTR, GHEHE
EEM e R R ILIULL, d
SNB IR & REMER, IFE

B B [ R 2R o b Gt B IR S 72
R, Bt DLTE SR 548 P i
=R LSS R R S R i
R #r e i AT 0P T R0 Z2 e FL A
TR e 2 AR R, R
S M AU T R R
FEERBRE L, ATHE—PRE
e R 5E EE AT EE , WK 5 25 S5 52
A, HAT— Sy = HE T
RN TEHEEN L LB EHEY
f— R 58, HARF AU I T XE
B, AR Z, e T

HHHETE | 21



echnology
Innovation

TZeE | T

i, B e NIRRT 35S B AR
7o ) B AT ] iR A BEAR
WK, BEIE RS AL, nERIHAE R
RZFJ53A1, HoSm B K WIS R, T
AR (HEER, MTHZ, fiE T2
%o R ERIER DL hE R A
VIS ST RIRZ IR, $ 18— 1K
et FefErh B AR YR A _E B ROR
MIDLH, AR AR E A SN T
R R T,

2 BRERSK—AEUHENT
HHEFIZER

iE A E IR — IR B e

B4 RERGTEE

AOE, 290, 776, 85B/2& T HHI/A ]
TE& H SR Y R R HE o Sl 2 el
EEHE TR, T DB REX
SR, #51H42220-2658mm),
HE240-350Kg , EEEE18-25mm,
MR —VR R AR H E TR HR
QT600-5, HIFFEHL—ERIFRTE K,
A%, MRRBEBATI R R, i

E2 HEREXHE

(2) HiTiZ, FRZ A0S %
f o R PR AR RAIRI R, BYAILES:

(3) FHEHMTEAQT600-5, AH
A AU RERF & F1ZDK, AR
e & LR 6

HEREARS K, 72 T2 B

YRR R BEUE B, JEETT A b & A i
%o
2.1 EETENSE

(1) W fg b s 2, Hilek, —H3—
I, Bk BaE 24 LA,

| [ Jim

P SR
v

E5 XH%omTEE

FER AR SR Rics | mEsoh | U B s ) | R (2B)
BT 7 (Mpa)

HEEIEE | BRSNS RE, B REE=85% 1-34% 6-82% <3% =700 =5 225- 305

RFA | BRI FE, BB EE=85% 1-3%% 6—8%% <3% =600 =5 190— 240

22 | MWHIHETE



310

650 BIX

H AR A AL

(HF5e T 2R1HD

BIX 650 310

(B 5e T~ R IHD

Ee AEEETREE

s

R AL B EEDE A
= s

E8 AR

B9 ZEZAIAEZLABE WG TE

E10 ZZELVIOSHRLMBERILEFRR

~g

=
[
[T
nr
i
ma
)
Wi
£
T
mr
T
i
ik
I
]
f

AR O R i T T

- =)

I

E11

E13 XZZE4#EEYIA

BES S IZENTER

meASia)
Hi2 ELREMERREE

E14 ZZE&HAmE0

T. e | TZ8I3

2.2 A PEHIETE IR R AR R T

(1) TZEH SRR S gk L )
iR

JRUE RV E T 28 R E A kb4,

TEHEEMN60-68%, HEMH DR
T ZRAL RIFE FE 4 84k . B4 448
ab, g7k = abs b, A T2
BRUERAE IR, NEHRAEE A
TRCEMELZ, JEEm e tr EbE,
REEHEHEREORBHEO R DR
T BRIL SR T2

® JHEERITERRH4NEIAE
O, RBLEOTZ, TZEEWTF,
TZHIE G, RixE TR ATt
it BG5S SR
(E7.8.9.10) .

® TR SEFL, FEITHY
E RN BRI A = T2, Bl IEA Ak
J:ji SCHEINT s & SN EE

EETREA RS T I EALES
AT e A5 AN (E11, 12,13,
14) o

® R LR T Z8ERIFAIfE R
SIS e IR, (H 2 T2 L 28
RATRERRED, FRINERE
i PR AR A BHE A 52 5 AN (AR
BE,

© B EFEIER #E DR b AR
Be—# (k1. £2)

@ B EAEAR I DR A AR
—# (3. 14)

@ BNFE A E A (R,
T2)

\

R LE, K REOREAIE
B FAR B Y 85 A AR A AR A, K
SR EEZ)4550~560Mpas ikt TR
6, IR EETE 617 Mpa, WIHFA 38 BF
T A FEZ50—60Mpa, X—EIE
M FRAILE T2 40 B R REIR

HHHIETE | 23



echnology
Innovation

128 | T
PR 2 (E. BRI,

[ElRREvEvA= M Nal = b TN N
BE, MESERENES; WEOETEZ
A Z£30-40MpaZe s, ik G ML
TRz AR A #50-60 MpaZifs
MELZR, BEHZE20MpaZe f, FARS
5600MpaftysR B, sEMAEZ)43.3%.
AN, ME&HEE R B, b RRENE
FRIEMEMEE  BEXN BEY
BB EE LE, BREAIEHE
E5, B A AR 2 SRR A
FEET ERM P SRR (At | A
AR, SFL) 2T RH8E, BEE X P&
SEAIKS/NS

® it kHPEOTZMTiE
C+% 8 T2, AR T AR,
HERED, "SR BGE IR 2R
SLRIFETE B8k TR #1640, 1
BUYHE O, i TZH SRR FERMY
60—-68% T FI80% L E, AR AL
b, T2 KHRENTZ. 8
WENTZ, FFM SR R
%, RBEON#H SN, AHENE
M. MERTHRE R 1 &, &
E R ERE D THE O, (B A
FUSEBREE RIE G R, & EVE DX
FRR 8 FIPEREVR A RN

(2) BEIFAS TR IR e ik

JEok A 7= T 2% W e A L
B, RIBRTE, B IL/NE G
156, LR & LR, KKK ET
Tmm, I T EIREFEFN0%. AT i
EEHEMEFTZRIM TN TLE
MRAFN T 2 Mt

® JEBEESENR G RHEA
TF] 45 {5 ) gk [ 155 450 R L o2 T 6
], S8 2 IR B R R B A
247171, MRt B4/ NG 5 R B IR
FFTHE L ZE0R,

24 | MIWHIETE

F2  ETHENMEREXTEL

. PUiRE | RESEIE | A hEE B o 2 S nilINEN Y
PYERTE= b=
RS (N/mm?) (N/mm?) (%) (HB) kit (%)
1 580 4.5 241 3 90
555
2 530 3.5 231 3 85
3 570 FRoM 211 3 85
562
4 555 5 228 3 85
! 625 FREN 241 3 90
617
T2 610 5 241 3 90
#*3 BEOLTHENMERESTLE
. PrhiomE SRESEAME| W fiee . 7SI ANES =Y
5 - jp1 = 5 %
KRS (N/mm?*) | (N/mm®) (%) (HB) Fie (%)
1-1 (_EF8) 645 6 209 3 90
622
1-2 ( LA 600 FRII 204 3 85
1-3 CR48) 655 6.5 213 3 85
647
1-4 CNFE) 640 7.5 215 3 85

E19 XR#HEO EFHEVERRMGL, Kl 555,
570Mpa

—

= MIE'.M‘

BE20 ZHEOTZHEMEEES50-580Mpa



T iy
i
e
=
i
=
i
=
=
s
s
=i
]
i
ey

f

=
& 22

sl
EZHMEO T ZHE MR EE500-530Mpa

EHEOTHIVERRAL, L5580,
530Mpa

E 21

18

£ o |
§ ol J
| — 1
E | 3!
mb | 2|
| 4|
: | | e
g . i { =
i [ 0 em  oae  me o omm  fEm

Tire! &

E23 BEZHUKARBELIHTER E24 S REIEME S M

®3 PIIERNIEETLL

T A 30mindHEL | 1ThORE | 2hIRE | ShIRE el REE
(MPa) (MPa) (MPa) (MPa) (ml/g)
1# #Hib100% 0.3 0.9 1.3 1.8 210 9
28T b 75% B b 25% 0.1 0.6 0.9 1.2 225 10
3#FTAL50%IHEP50% I 0.2 0.4 0.8 245 11.5
4HFRL25% | HEb75% / / / / 270 13
5# [HI100% I 0.1 0.2 0.4 295 14.5

e

B AT E M5 B 55 R 3-5mm

E 25

T. oo | TZ0UH

® T RNIE R fE D 5 B ARk i
22, TE RIS NN, BV AR 3 AT
DUGIE IR EE (An383) o

® MBI R, thiE i3/
I, J7RIEsE, Bt a4/ N IE+T4E,
L EAF A TE B/ N T Imm, 18
B TZEK ISR IR R AR

(3) S Chm ] fe e

® N EIE BT R
M5 M1 HEEBE 0™ &, KT
S5mm (Zn[E25) .

® Ui afl B TS I35k
MO T IR TR, Rt
I mm. f AR (AnfE26) .

3 4FRIE

e AMEh & AT 1R e
(RN S AR A IR Al B o2y
BRAS, 29 IRED R I30% . BRI
Fo i & R TGS, W R I
SRR AP IR AR 2 A, R+
HENE S BREBRRE AR
R, I ER e R A4S f s,
(ERAER R 2R 5 TH , $5iE M 7o
ME- ALY, AENREET
T, 15 3 — R SR e R A RUK
ISy, o9 B — (R 72 I T A2 Bk
5, MET s S E BRI K, # AR
WL E— R T L e A ENE
B, mith BEEK AR B SR 7 MR R P51
MBI TR D, fE s R4 T
i, T s ISR,

S ik

[1] X*EfE AL ERE T Bk
R 2004,

[2] #BeARETLIE R FRES YT
PR L ARELR[T], 2006.04.

3] BERFERRERGIFHR, AEE
E4E[T], 1988, (03).

(T#2971)

HHHIETE | 25



echnology
Innovation

TZeE | T

O 553 A H B V2 il 252 807 2 TR B R 30 5k

EF% NNEF

ST RN BE A RAT, S EEMK, 537005

i E:BHRERMEENIENRNSEE IHERRETE—BRENAKE, N TR BRI TR EMRE
BHIONTRL, FE0EETERY, M ITHNMEEAERSTH. AXURSKIVIEIIKEF kMM
FENBEEBHIN LIvHMNRETERMMRAEE, DITBREEBHE T BREAMTERUNRE, FFMRIE
TZRBHIZMTOENE S BREBHIRANDA.

K2R KRG R ; BEIRY; REKD; EHIRA

The Causes and Countermeasures of Grinding

Crack of IntermediateFrequency Quenching Crankshaft

Yongqgiang LI, Haoyu LIU

Guangxi Yuchai Machinery Co., Ltd., Yulin Guangxi 537005, China

Abstract:The surface grinding burn is what the metal surface of the work piece creates a very thin oxide with the

instantaneous high temperature in grinding process. This may cause the surface grinding temper softening to the work piece

of quenching hardware, serious and even crack, impact wear resistance and service life of the work piece. Based on the shaft

neck surface crack of nodular cast iron crankshaft of a certain type of engine when grinding after medium frequency quenching

as an example, the reason of grinding burn and cracks on the shaft neck surface was studied and analyzed, and the method to

eliminate grinding cracks was introduced from two aspects of the heat treatment process and grinding process.

Key words:Nodular Cast Iron Crankshaft;Grinding Heat;Surface Burn;Grinding Crack
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Analysis on HXD3C Electrical Locomotive
Bogie Axle Box Body Machining Procedure

LiuChangChong Weijing

Dalian Locomotive and Rolling Stock CO.,.LTD.CNR GROUP, Dalian, Liaoning, Post code: 116022

Abstract:This thesis focuses on the machining quality problem, mainly refers to the oversize of dimension A, of HXD3C

electrical locomotive bogie axle box body. Based on a detailed analysis about the machining procedure and inspection of

components on spot, the deep reason of oversize machining of axle box body was found. With an efficient method and inspection

ways, this oversized problem of machining dimension A was solved. Therefore, the bogie axle box body machining quality and

efficiency was improved further, which provides a powerful guarantee for the mass production of high quality HXD3C electrical

locomotives.

Key words: Bogie axle box body, Machining quality, Procedure analysis, Efficient method
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The Trial Manufacture of Four Cylinder Head of Four Value Casting Through Rapid
Manufacture Technology of Mould

Anke CAI

Technology and Materials Research Institute, China Yituo Group Corporation Limited, Luoyang Henan ,471003

Abstract: By using Pr/oE three-dimensional modeling software, The Three-dimensional drawing of four cylinder head
casting was designed from four cylinder Head of four value product model of design department offered, and added on the
gating and riser systems, the parting design of mould of four cylinder head casting systems was designed , The six sand casting
models of the base sand casting, the Intake Port and Exhaust Way cores, the top water jacket core and the bottom water jacket
core and the cover plate casting were finished, the Intake Port and Exhaust Way cores, the top water jacket core and the bottom
water jacket core were manufactured by using the Selected Laser Beam Sintering technology. The base sand casting and the
cover plate casting were manufactured by using Numerical control processing molding equipment. Then six kinds of cores of
processing were assembled after brush coated and core grouped, closed, Finally iron was poured. Through the integrated use
of the rapid manufacturing related method, the realization of the four valve four cylinder head without mould fast production
manufacture, saved the mold cost, shortened the casting trial production cycle.

Keywords: Four Cylinder Head of Four Value Casting;Rapid Manufacture Technology Of Mould;Trial Manufacture
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