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"Factory of the Future" — from Mckinsey
HEPE  KRIK
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Operations Practice
¥
= IR7N //Hit of this translation

Factory O RMBERBRERY - DESASANEE  DEseER
the Future UEERHXT - USHERHDRIE -
We try to follow original text of this paper, but
because of the differences in proper nouns, this
translation will adjust or even supplement the text
so that readers can fully understand the meaning of

the text.

ANXHFERMDENMAERFAREE ((FERER ) - BMTES LR FIER - B IR FEEHEX
MELE - THESUARBRXMNRERIRTEIE R - // This article has partial modifications and
changes in the order (authors forward), Dr. Q add some legend part of blue text to indicate. Some of
English section is slightly amended in American English. And try to represent part of the image in a

table that does not break original text.

Ez=3& //Translator

BRIESAE L - 25 FMARMEKMER - UEBHEEMREFHA/E - //Dr. Q (Yau
Hung, Chiou) - Dr. Q was an expert on powder forming technology on MIM and

CIM (Metal-powder and Ceramic-powder injection molding) with 25 years

WHREEHIVO

R4
Y

(HEE8/8%LNDV) S

experience.

BX% 7330 : chiou_yh@yahoo.com.tw
Dr. Q BRIEFEMEENABE 10 X MIM MIEELR - Mi2ESZ @RI TH -

At present, there are more than 10 MIM factories in China and Taiwan of Dr.Q. He was familiar with various

processing techniques of many materials also.

e CAEMoldingMagazine + CMM-V0I19-(2018/9H)



1RH // Present duty

PREIERERCE T BRRZITERISEREIZIE //Assistant professor of DGUT
SERRAESE 3D NP OFREMIBHIR //Assistant professor of TH3D of NTUST

P R OF ST R TE R BR £ % //President of PIMA-CN (Powder Injection Molding Alliance — China)

Issue One: BE&E—

Advanced manufacturing technologies, including 3-D printing, will disrupt how we manufacture. Are you
ready to implement them? €13 3D JIENHY S ERISHAMTAEE - IR BMRIESEH I - & EHE 7157

Authors// {E& 8
Ben Sheppard is the leader of McKinsey & Company’s UK Product Development

Practice// 31 - BiRRAEEREEH ADRBENERMEBEIRIMNES
B2 753 Benedict_Sheppard@mckinsey.com

Ben is a chartered engineer, with a passion for helping clients sustainably improve their performance.
He has worked with over 30 of the world's preeminent manufacturing companies, leading major design
improvement programs on everything from jet engines to cans of baked beans. He founded McKinsey's
Designto-Value laboratory in London. Before joining McKinsey, Ben designed and built the world's
cheapest deep-sea camera. //

Ben E—RF5F LIRE - RRNRAZFPREFENENXENZE IR - AR £ 30 @NRIEEQTSIF -
ERBERESEIME T REBFH METEARRSE - Al F ZEEHERIAGNEEERE - EMNA
HB5H 2R - Ben BRRsTEE M HR CREENREHEE -

Colin Shaw is the leader of McKinsey & Company’s UK Operations Practice//

It - BEERESH AT HEBMNEFERBNAE r;;

B2 7530 . Colin_Shaw-PRI@mckinsey.com E

i

Colin is an Expert Principal, based in the London office. He works purely on projects that transform the ;E
operational performance and cost of his clients. He covers topics such as lean manufacturing, maintenance §§§
and reliability, supply chain management, procurement and back-office optimization.Prior to McKinsey, ﬂ\g
Colin worked at British Airways on a variety of aircraft performance improvement projects before being %

involved in resolving technical problems associated with the Concorde aircraft, enabling the aircraft to

CAEMoldingMagazine + CMM-V019-(2018/9H) e
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enter back into service. // Colin @ —fIEXR - TEREBHAMREMBINSE - AR IR AEZ P
REXENAANIER - HE MEntE - E&MoEY - HEEEE  RKBENESBRLLETE  wEBEH
Al - Colin TE2 BB A MR AEARRI T IR 2 A - FERBEMZE A SET F SBRIEMBESCETREMN LIE - £
RAEEBFIRALA -

Barry Williams is an Expert in McKinsey & Company’s Manufacturing Practice //
B - BRECEREEHATIMNEEERER -
B2 : Barry_Williams@mckinsey.com

Barry is a former Senior Vice President of Manufacturing at Rolls-Royce and has also held senior leadership
positions at BAE Systems and Airbus. As a consultant, he has led diagnostic and transformation activities
on everything from latex manufacturing to the production of luxury cars. He was first coached in process
improvement by the Japan Institute of Plant Maintenance and later directed his MBA studies to specialize
in world-class manufacturing techniques. //

Barry @5 Hi AR T RIS KA S REIARE - Wi BAE R LA INMEE LN TEESREZRE - (FH—HE- -
thBEE A BRSESEBELEN —VUZEME(CEE - Y ESHE RN EYRETRAEE L2 4HE
A - BARMAE 7 MBA BOBTEE - FPIHI S AR RIS KAl -

John Persaud is a Specialist in McKinsey & Company’s Manufacturing Practice
/N8 - REREEHATIREENER -
BEH I John_Persaud@mckinsey.com

John is a lean manufacturing specialist who delivers sustainable change through individual and
organizational capability building. He has worked across multiple high-technology and high-volume
industries, including aerospace, defense, pharmaceuticals, and consumer goods. Before McKinsey, John
was an operation leader in pulp and paper manufacturing. //John 82— EiEmEEEZR - BB EAFMBBEE
NERBEHOIFENRERE - B EZESRENSEENLEEET LIFS - SEMEMK -~ B - REA]
HEm - EAZBH AT A - John 2REBAITRNESREE -

WHREEHIVO

R4
Y

(HEE8/8%LNDV) S

Jorg Bromberger is a Senior Practice Manager in McKinsey & Company’s EMEA
Manufacturing Practice //

M- HEBAREEEHAE EMEA RIEBRENSREREKIE

B30 . Joerg_Bromberger@mckinsey.com

e CAEMoldingMagazine + CMM-VO0I9-(2018/9H)



Jorg is coleading McKinsey’ s initiatives in advanced manufacturing technologies with particular focus
on 3-D printing and digital manufacturing technologies. He has been serving several clients — both large
OEMs and government institutions — in shaping their manufacturing strategies, developing new business
models, and setting up competence centers for new technologies. // Jorg IETEAUEZ S5 1E STER SRl
FHEERE - FRIET 3D S RIERIM - th—EERZESFE - A8 OEM MBUGHIBIRT - LS
MR RESEIRS - FIEFTROBRERET - MUK EAMTRBE NP0 -

Contents // AB

® Executive summary // 1%
[ —

Pt ———— B BT
nmm.ﬁ

T T

g ' ® 1. The advanced manufacturing technology landscape
/] FRERIER M RE

® 2 Top technologies: additive manufacturing (AM) and

@ Introduction: the shape of things to come //

¥ vy

metal injection molding (MIM) //

JESRBAMT © 1B (AM) B2 BT R (MIM)
@ 3 Managing and implementing new technologies//
W EENER * BRI MME5IEH - RoJsExRA
3D {TEN MR BRI — B R E LB

Executive summary // f§ %

Manufacturing is going through one of its greatest periods of change since the Second World War. The
manufacturing technologies used to shape, join, finish, and measure components are changing dramatically
after decades of more incremental evolution.// SR IERRE BB EIBREANEERB Y —  AREE -
B ST E TN RSE - EH T FRIENEC 2R IEEREE AL -

The landscape of these advanced technologies is rapidly shifting and poorly mapped. Through a process of
extensive interviews with manufacturing managers and experts, we have compiled a list of the 25 technologies
with the most potential for impact this decade. Of these, additive manufacturing (AM, commonly referred
to as 3-D printing) and metal injection molding (MIM) have the broadest potential for cross-industry
disruption. Metal injection molding is ready for widespread adoption now, while the tipping point for additive
manufacturing for the majority of companies is still five to ten years away for full-scale production. // iS55
R SE LA RRBEMM S R RS 12K - BRBREFNECENERNEZHH - Bf&ES 7 25 BEREE
NHEANBEE - Hop - B8RS (AM - BEMES 3-DAIE ) MEEIFME (MM ) BEEBITERENERZHN

B - EPEEAS AT ERCERTFLKEZIRE - MAAZSHATSHAIEM RIS - HBEMIIKEZLE+E
PIBRO AR L E -
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Exhibit 1. Similarity between shop floors in manufacturing value chains in the 1960s and 2000s. Left: 1962
Image courtesy of Eastside Community Heritage; Right: 2014 Image courtesy of Turnxon Precision LTD //
FE/R 1 EEER 1960 #1 2000 FmfER K EARIEXEERNERBEABMME -

BlZ : 1962 £/ Eastside Community Heritage TRIEE - SFZEEAHES—#E - BAKSIA U TARE;

E% : 2014 /Y Turnxon Precision LTD Tth 2—#MNES

SOURCE: http://www.hidden-histories.org.uk; http://www.turnxon.com // B R K&

Choosing to implement one of these new technologies is no small undertaking: the cost of a poor
transition can wipe out the potential savings and cause production delays. Less than 10% of companies
today possess a robust capability for moving rapidly from a manufacturing strategy through technological
identification and prioritization to implementation. However, those who succeed have a competitive
advantage through increased flexibility, reduced costs, and a shorter time to market. //
EEFEMBLEMRMPNE—IR - BEANNSIE | EEHERN —ERRENEEAAI USSR AT RENEE
WERLEELE - BA - A210% WASEERANEE S - BEARMEEMEBRICIELEER - DIRAOWEER
SERERISEE - 2 - RINADLUBBIEMERY - BFREMAAMBERE S EERESRFED -

Introduction: the shape of things to come // & 77 : & F¥WHERIRAR

If you visited a manufacturing shop floor in the 1960s, you would have seen a small army of technicians
working on lathes, milling machines, presses, and casting equipment. Jump forward half a century, and
what has changed? Hopefully, the value stream is leaner with less waste, there are visual management
processes in place, inventory and order management are slicker, and a degree of automation has been

introduced. However, the machines themselves are still recognizable from their 1960s predecessors. They

WHREEHIVO

have evolved and improved but, in many cases, are still based on the same twentieth century principles

(Exhibit 1). //

NRIRTE 20 tH4CHY 60 FRSE 7 —KREERE - MBEB —/N\ BB TAEER « $iK - BEIHNEE
miE ETE - BEBEXEEL  NEBEIRE MHERE?FE  AAKREECESREZSH)  HB(EE

HEREML BN EEBNEEE  BEEREENMES - AWM - HESAB AT LIE 20 tH40 60 F4

RIRTZEAPELEC 2R - AW BEIAMBCE 7 - BEAZHER T~ - REBIDARZER T HANRAIMAEL (BR 1)

R4
Y

(HEE8/8%LNDV) S
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That may be about to change. McKinsey has identified accelerated development across a broad range of

Exhibit 2. McKinsey has identified accelerated
development across a broad range of manufacturing
areas in the past three to five years. //
FEHEBEN=3RFD - #RIH T ERISFFERAIMNE
BRMAKXER

manufacturing areas in the past three to five years: materials, product design, manufacturing technologies,

IT, and business models (Exhibit 2). // B3 ~ 2k - SiE1E L olgE e i & -

EEHEBEN=_ATFP L

THERSEIENINERERERNOAER - M EBEER 2 AR

(1) ## K (New material) :

« Nano technology // Z=K ¥ i
« Composites // &R

« Biologics // 4841kl

(2) Emags
« The Internet of Things // ¥4

» Social media // 133 1H 52

(Product design)

* Rapid prototyping cycles // HRiR[RELRISEIR
(3) &S H 1T (Manufacture technologies)

« Additive manufacturing // 15#1 %&43&

* Metal Injection Molding // &= &+ 51 5 E
« Composites manufacturing // 8 & #i&
(4) 1B AT (Information technology)

* Big Data // K&

« Advanced Analytics // @& 2T

« Self-Diagnosing networks // B2 BN f81S
(5) BZEET (Business models)

« Frugal innovation // & & EIHT

« Circular economy // TEIR A7

» New service models // #RFEE =,

This paper focuses on advanced manufacturing
technologies. Additive manufacturing has put this
field into the limelight, and over the past 12 months,
McKinsey has received more questions from COQOs
and manufacturing executives about advanced
manufacturing than about any other of the five
areas mentioned above. / /

AN EBWFRICERISEI - B RIS S —AE
RSB ABENER EBENRERFR  £58
W2 75k B COOS MAEE XS ENRMNITERISEN
B - M EABR it E <R P rY T E

i

M

LZREBATRKESER (P56-79) - FEIRBE - n

X IERRENBELERESHEABATNE

T https://www.mckinsey.com/~/media/mckinsey/
our%20people/ben%20sheppard/factory%20
0f%20the%20future%20-%20advanced%20

manufacturing%20technologies.ashx s
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AR Shenzhen Kadam Technology Co., Ltd.

FREMXTUWTHREEEEBTERE(MIM) K IEETERKE
(CIM)HIRE - SHRMBEBMEEMB S - EHARRRES
REEF I K iRZEEMIMAMCIMIER « 75m ~ TZHF &8 -
A W PF(E B T+ 8 R P 7 R AY an R0 -

Kadam Technology is specialized in developing and manufacturing
catalytic feedstock for Metal Injection Molding and Ceramic
Injection Molding. We use powder from world class powder
manufacturers, which can effectively shorten the feedstock
developing time and decrease quality issues caused by powder.

* FDM £ /B3D3TEN#l/FDM Metal 3D Printer

* 3DIR#£+#1/3D Feedstock Wire 3
* MIMEE 4 #1#/MIM Magnetic Material
* MIMEEZE# i /MIM Ceramic Material
* MIMiE RS E£/MIM Cemented Carbide
* MIMAFEN##/MIM Stainless Steel Material

* MIM&E S E#E/MIM Iron Base Alloy Material
* MIMBEEEZRE . ieE - i85% 5%

MIM Nonferrous Metal : Copper Alloy, Aluminum
Alloy, Titanium Alloy

* A8 mi5s/Product Advantagex

Fm&EHliE/ ] [ EEHTEL/
L Customized Service High Cost-Effective

FDM SDETEDLN

—RNNEIRG

EiREM/ ] [ MEZHEE/
High Stability Diverse Material
[ & i Eh it/ ]
Good Fluidity
AYMELZX RS HBERIAELLCS 2% B &5 4R5% 2018-09-A07

2F, No.116, Xiangshan Ave., Yanluo St., Baoan District, Shenzhen City,

Guangdong Province, PR China

EBiE/Tel : 0755-23204363 F#Hl/Mobile : 13600176826

f&H /Fax : 0755-23203896 #f#8 / E-mail : randalin@kadam-pim.com
B% % A /Contact person : B4I/Mrs. Zeng =4l / Web : www.kadam-pim.com



7
.
/

FUHEIEEII) N

i

E=

(HEE2/8Y1NDVY)

B8 In-depth Coverage

(EE=BREXA

e RA—OBRE

Let its Samadhi really fire, |

2018 ACMT & DGUT

<

IM B E

(4) BRIEEE : B

mERIESA B 1

I
i

BRER  MRIATMAHENRERE BERER
SRk ESEEE BRETERCNDER - WAk
E i bR RAZ 8 Bh O KA A5 B DUB R IR R AN S B R0V AR Pis
BF - DUESRANESREENEZRERL Brown
part) S & ERIERIR (Silver part or sintered part)
< BE - EFSEMAR AT MG 3D T ENERIEERS
A HEBEEA—E I (One step) WA - BEMAT
BAUEAASH  —BRIRER  BERERE NS -
RENARmMENATBREZRIEN - AL - LA
(B—DEIENZZEIMMAR ) ML (B _DEMAE + &
&) PFRB LA BRMAIRS PIM BKITA 7R -
BEEEMNIEEZIFAMARE - 1RELS - BEN =X
0% o

£ Dr. Q BAREIMAE - HEMIHZEREER MIM
RiMZEEEGBENEESRRERSE - HEPEER
ENERMEEREEAEEERNEL  JEA/LE
#HZE, HAE 1990 FRBEERNEERAEEAERIE

@ CAEMoldingMagazine + CMM-VOI9-(2018/9H)

WRE (AEREEE ) WE - EHEERS (ER
ARBLUTHWEZERE ) N EALREENEE - AKX
R RS ROBEMURERY - BN BEGET
FEAKENE FEENRERER 2 /SK - KR
BHEELTERSHCATOEZBE BEIFREE -
LU 2 DrQ ZRBMEIESE

BEE{ERREHEEM RN AR EB O BEESE -
FEENZELE BREBEERIAFEZNERFNF
REZWT - RREEZFNARE  TREEZ &
BB EER - BINIEEZEN KRB
BAREINEIES T - BEHMEREBINED - M
EERAERCENERERY - BERMEPIEE
EBRET - BEcARERFELBMNZ -

ot
AR

BB EGERMRZ N RIKSEABERVR] B -
& - BIMBIE - BRIERS 2 Al 2 N B AR BRI 7
SHAREEE 250°CRIRS - M EER 7 ZaRH



1: RRRENERREREEREREIE - BREM/NENEE: - IUERERSHEN MIM /NSHRIEEZE 10 B4
BYIRAE - EARRERE 3D TR BT AR RGEE

B2 RN MM B - NEZHRASEJH
EUEEMALRIE - AP EM RN RIERIEELLE

EREEHBEREER

EPEIIRAAR 10 X APPLE AVL t#8 225K L1 8B 8XL
BEREGE +4 8 240l EZEMIFREBEERERE
Y& - A MM EERORE  TREZEEE
FENEIMNSN (LHZRE ) - BERISENT T
B5SFZA - pMEE - BRIt 7 THEER
MRITEREFNERER  DIKOISEHES -

£ BASF Catamold® ZF] 2 #312 - POM & #} £ iy
M BRAREE - £ B8 (MR BE 18RO BT B #T
PR - e R HIROMR B R AN S5 @ R B A AR E IR
Je - MBE SN BRMREBEBEZEGNIR - 220
SENELCHRESEIUBN - BENTHIESR - BER
R AAEIFC A T AR EZESI R - S RAVE(CHR
IR A8 E S & o] LIEIZE 10MPa B E (159 Zm
30cm BRSE AR ) - I B ol ISHMZEhE I -

PUE R MR Z=#E (Oxalic acid) U2 | E MRV IR
(Nitric acid) - B2 —ESIRCRRAERIT - B 7 #OR
HEBHNGTHNEZEZUEAE  HAREEBRNEES

[

Mt REBMERIMKREREBEAS(EER /&
R -

BMLEERNVREREESRMBERMESZEPRONE ?
BERMAP—ERBEUD -

IR IR R HE

IS 2B SRERRIRIE GRS 281 - AEB X1
LB - 62 EREE (XERBO - =ZER) ~ HEER
AUER (Setter - TEZUR(EER - SCEEMERARR
18) - URIERESF - 82U ERBOMKRER -
FLEEZMVENER  €23F L BUtlKRER - %
RERERIH - BIIBWE - BRERS - BERT
RONEZSIERERFIHZ=6E  ZUTER
HAEEBENEIHNE EEREZNEHE - RER
ERHEEENRE  MEBEENRENSHELIHEL
MRS - E28INE - ERNF RS SHINMTERE
BRERER -

Bl BANERESDENFTI A - R
MIM EHEmBHRRE - KEMRZE - FOEKEE
REHWEIEERE - AUESFSOINEREZR - 5
SREMBINH DR -

CAEMoldingMagazine + CMM-V019-(2018/9H) e

R EEIVO

i

il
F=

(HEHEB8/8%1NDV)H



Z
é

ERHUHEIEZHIT QI

Qi
£

(HEEB/8HLNDY)

RS

In-depth Coverage

B2 : fFEEnNREER

FEEEE—RE AL - REETIES -
REAESRREEINAEE - IREIFAMAVESR
WREDK - BRIESIENFEERS EERHE A TR -
EEREPEASEERKRE  BRENERNB LS
e hEMEMHERIE - MENEALE
BERTIENRENES -

BEERANASARTFERLR
HEAS2MN  KBHEBRIEEGRE  REZESR
B/ EraSERmibEs - kREEEH &M -
B EEIK - BRBRELIE - MAREISRMERVE
iR REBFRISAOBFAME LSRG  BROEH
% BEEMUREMMEEZ - NWAFBEWER -

B - B AZERE

A g
RYIEREBERNARAT] - &FIRA BASF IR

R EERRBRRIRR B R -

@ CAEMoldingMagazine + CMM-V0I9-(2018/9H)

RNEFEBRTBIRAT]  BANEREEENHEL

MIRETEYRRIURERED - BUERR 7 iHRLE
ERRRE R 2RISR -

E2077 FRE—DHRABRLHREREEREL
MAEME - R EIELRORTEIM - AEBRTZE

MARRUENREE - BRES MIM Bl 5 i {F &

EXER - E%A0 3D T ENBMRER It 2 %I A
ERER -

it

A=k =A=kih AT WRETBENEOE
AR AN - 2015 FEBRANKZ EIREE
2 - FMAEERERPESE - IEIRSRENE

REAR" A" AARBATRIRE - D] PUETTFEH
BEME D QAaTRAIRES  EAMBBRTE

MRt FHEREE (ARRABRRS - BBk
FRNBEHSIHERREMEMME)  BRANE
B MIM =TT R - £ 2017 F - EFMWBEER
BIMIERE LT - —HE BEERVEEMRIEE

=B



- BEF Lo RBRENRIERMNT - EdE8k -
BEREFNEER - BEABRAM - RFRLAIFNE

EEAEMRBRBFENMMIEHREBFNESTE
R AMETEENSE

HitmBREFEAE | Q&5 / RIIREZE/ WX
REMET AR -

TR A LA

RINEBEFERBARAT] . ANHRIEE - 2R MR
MRANBEELENAREEEORE - R 7 EER

BB E RSB MR R EE 25 - E#T
BRERMEERBFESHREGENRERE - FM
IEERS 2SR HT o -

ENEEEERMARAS : EEEZER/PE MM
BZEEGERR —EMcT  BIEERRZIEE
MM EN8EEMRPE - HMTNEPHEE
KW - LEHEEWEIK3C EmERNBERUE -
BMBAFHE@ARRRB RS - SES04R R 5 3215 Bk o
BIeFtERE ~ KIFHE - MIM 2450 Ub i A F
BRI ENFERI -

H 2012 F6th - BEEZELIEBENREFEBEE
ZOM MIM E2 - BHAREXT A E I RRE S B
RN HAR MIM R EAIR PEIERER - WihA
75% DL ERBH AR - ERANSERFEASA

MBS R0 —REAPENERS -

FMERBRARAS : AELEEENENE R
MR EEHREEOREYF  EREEEMIN
HZTEER - (AR ERRED ? B3
SAHE ? RHRIRA T FE%

(). IR R E LRI R BRI - EISEIREAEES
B +/-5°CUAR - ZEROmEEA R 10mm+/-0.03mm
PIRATRRE

(2). REZA) - LLEMEZEFEAIEE ARS8 BN
RIKZHE -

Q). NWRI B/ EBEREALE - LUNATIEL(100L) /Y
ARETEE/ R TBAERENTEK - SRaTA0/NEES
W& o] M 15 /NS AR SE A B RR 7 - W08l (1) PR
NEUERMEZERRIE R BEAENE - 12K 3D 37 EIA
IBMBBEE B E I B -

HitpRIEBFEA | QEEHRE/ MrmBER
/IR R / E R B / MR A TR /R
SRR/ EFIRE / ERENES - n

CAEMoldingMagazine + CMM-V019-(2018/9H) a

R EEIVO

i

il
F=

(HEHEB8/8%1NDV)H



H5hlERE

‘ OOOOOOOOOOOOOOO OO OO OO OO O OO GO OO OO OO OO OO OO OO OO OO OO O OO0

1.The advanced manufacturing technology landscape
FERERITAIRER
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The advanced manufacturing
technology landscape

Advanced manufacturing technology is a notoriously difficult field to track and manage. Technologies
are constantly evolving and emerging. Technical operational data for new equipment is scant and not
readily comparable across suppliers. Descriptions of maturity, cost, and readiness for adoption are
sometimes skewed by suppliers and media. In order to develop a robust and independent perspective

on which technologies matter the most, we have interviewed and surveyed over 100 top manufacturing

WHREEHIVO

leaders from broad geographic and industrial backgrounds (Exhibit 3).

FERIERIME—ERFFBAMAE#HLERIRAEIRAEE - KiTEREthERIER - MRENKTETERRD
MEAESEHRBE ZEETER - AR - HANMEERENHEARKEESNERER - ATHE—EBRX
MBUMNARE - EPREEA9EI - HPARGBANRET 100 ERAREXFEERLEFVMBNTESS (BR 3)
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Role in manufacturing Industry Region

MRO 4 Africa 5
Expert 17 Medical 10 South Amernica 6
Australasi
Consumer 10 TR {
goods Middle East 7
Advanced
Manager 25 eckiaiin 10
Asia 19
Consumer 1
electronics
i Energy 12
Senior 23
executive Europe 26
Automotive 21
Director 30 North America 30
Aerospace 2
and defense

Exhibit 3. Background of survey and interview respondents. // B~ 3. #iAEEARBENE RMAE -
SR={EER- 100A :

(1)Role in manufacturing: // ELSIMEE (3)Region://IHE

« Expert //EB{%: 17 = Africa //9EM 5
« Manager //885:25 = Australasia //EMe
= Senior executive //EEREE: 28 ’ 5?”“‘ America //#a3E 7
- Director /i : 30 Middle East /%7
(2)Indu Stryjfﬁﬂﬂfl = Asia //EaM19

» Europe /BN 26

« MRO (Maintenance, Repair & Operations) // « North America //42 30

R L BT TSR (M - BT IR EHE) 4

» Consumer goods //#H#1EM&10 McKinsey Advanced Manufacturing & Assembly survey//

» Advanced electronics //BRERFES 10 T ¢ A Y AR i AR R PR OO B MR
« Consumer electronics //HBR 78R 11

= Energy //BE#% 12
» Automotive /S5 21
» Aerospace and defense /X BIPRREREE 22
We identified 25 technologies to watch. These are either fundamentally new or have recently gone through a

cycle of such improvement that they offer performance in a different league compared to previous-generation

equipment. Benefits include reduced tooling cost, improved precision, faster production time, and greater

flexibility (Exhibit 4). // >
HMEE 7 25 BRMESET - BEEARALEFRN  BEAZRAKE B —EUCEEH - —fCae B4 E‘i
tb - BFEARROBRETPIRME 7HEE - WaEREEENE ReBE  ERNEERFBNEANEEZN (RE %
R4 e %
This broad collection of technologies spans shaping, joining, finishing, and measurement. It ranges from the %
widely documented field of additive manufacturing to the lesser known F3T sheet stamping process, invented §§§
by Ford, which allows sheets to be stamped without the need for tooling. // E\g
BLREZNRIMTE 7T - 8% - BEMAE - ESEEZEFAA B RIS R EAMZ00 F3T(Ford X_“Jﬁ

Freeform Fabrication technology) th#1/# B T - HRFASIEA - EXHAEARTEEENIER NPERM -
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Category Technology Reason for inclusion
el il BERE
Mass reducing  |Electric discharge milling Has |mproyed greatly in recent years. Used to create holes
where cutting tools can't do.
EEHIBCRAME) |WEML EEREG T RANED - RRESSTIEEATIHINA
Combination mill/ turn machining Appllcatpn is growing dramatically in some sectors as single
use machines are replaced.
TG . e c BB—% 02 5 .
Sy A ] I—TE a LfTEED . ERRAKRRNK - BA—REEREEREUT
. S . New application for plastic injection molding processes.
EESEIERID) L e e i T Reduces needed for further finishing steps.
N EB LS BT EHIER - & RV ERE—%
HEE LB EE R MEBRLESH B TEMNMER - SRELHERVEMB—TRIE
MILER
KIS (injection molding tool Unique injection molding process from Daimler, with
consolidation) potential for expansion to other companies and industries
EEEEITE  KZEBWEA 2| s VNV —— 1 e S
18 B 5 5 R B B T4 S Bl HEEHNBEFTERITE  BRIEMASMITE
German carmaker Daimler AG has developed a
SOMEE FTrexel, Inc it e AR5 manufacturlng process for. the series prodgctlop Qf very light
T trim parts for motor vehicles that combines injection and
. compression molding. The so-called KIS technology (derived
¥ B LU EMuCell® , L T .
: ... |from the German for 'consolidation in injection molding
(Microcellular foam injection , . . . . .
molding process) tool )_combmes mtelhgenF compression a_nd injection
molding processes to achieve weight reductions of up to
50% with suitable materials.
EESEHSHEHEHAGAT AR BLE —ELEBE - A4
ESFREASERY - SIETENBMEMAE - FrEBRKISEI (IR
Bl THRETERNES" ) #&e 7 S3BHEMEH R
BT . AESHVREIRTS50%NESHEK -
Hvdroformin Relatively mature in aerospace and automotive, but
Y 9 underused in other industries
i 22 i A o - BEEMITEARSIR IR
TR ;‘Sﬁn MAMABESEBEEAA  BEEMTEARSI T E
£l . . Several advantages over conventional mechanical forming
ectromagnetic forming ) .
(for conductive material only)
BBl BREREMAT (ERREEMR ) WEEE
F3T sheet stamping (Ford Freeform |Tool-less sheet stamping. Currently unique to Ford, with
Fabrication technology) potential for future expansion
E BB R ANNRE I Tl EITERSNT - BRBEORKERE
Carbon composites production Lay—gp equipment improving and potentlal for expansion
outside of aerospace and automotive
EEMRIEE EMARRSEINER BRIDUER B REE
Metal foaming New equipment with potential to create lightweight, strong
structures
Eal )4 BORERIERE - REEBIRE
Mass adding Additive manufacturing ch?ely believed to be the most impactful technology
available today
BHEIEM EM IS HEZRRAEESREZE NI
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SOURCE: McKinsey Operations Practice, expert interviews; McKinsey Advanced Manufacturing & Assembly
REHREER SR ;

survey// BEIKIR :

, REBTERENERRAERS

Category Technology Reason for inclusion
eVl it EERA
N . Can create 2 grain sizes in a single part with a single
Finishing Heat treatment Dual microstructure heat treatment heat treatment process (NASA, Rolls Royce)
STLARE—HRE T EEEESMPRISERRNRT (
BT RSB AL
1SRRI FAERIE MEAEBERIE SEEASEE, SR
Surface finishing Cold spraying New technology for depositing a thin metal surface
onto a part
RENEE RIEE EEMERE LSS S BRIETRHT
Sprays copper traces directly onto a circuit board:
Other Spray-on circuit production potential to replace “print-and-etch” in the long
term
- 1= = "BIg 2" T
it BRI A BRI ggﬁﬁz BEFBIRR L. REGSEEQ "FIENFNLRZ
. New technology for dyeing textiles without water.
Waterless dyeing Currently limited to polyester, but expected to grow
kR ﬁK#ﬁ%‘Eﬁ%%‘é@#ﬁﬁ?ﬁ, ERIPRICERE:S, (BFRstIGINE
Assembly Welding Ultrasonic welding Faster than conventional adhesives or solvents and
can easily be automated
% 9 EERiesE HEBSH AR SREAT, WEAIESHEEIL,
AUtonomous electron beam - -
waldinn The backscatter electron checking process is new
BEANETFHIRE RS EFRABE R
Laser hybrid welding Technology has eX|s.te.d smce.the 19705 .but has only
recently been used in industrial applications
. - HTE0HLEN70FRMERLTRE, BEROTEIERE
EE GRS EAEE Eij;IEE HLH70FERMEREE, EREAETXER
RISEIfER
3-D lock seam welding Devgloped .b)./ Honda; eliminates need for spot
welding to join 2 panels
e EIAERIE; FREHCMIE S EiR
Improvements in automation, strength and allowable
Adhesive Composite adhesive bonding geometries are expanding the scope of this join
technique
e ) 7 ' J—-E B B
Bk AR B AR BEML. EEMATSAMRAINE, [EEBEASEEERN
HRIEEE
Composite co-curing Eliminates 1 process step. Will grow as the application
of carbon fiber grows
EEMHHE HRTETECR, EEmaEEmnitE
Soldering and . . . Removes the need for a flux around the solder by
. Ultrasonic soldering and brazing o .
brazing vibrating off oxides
FIREIRETR, B.per sy swomia v s S ———
7:.3 NvEas 2 S0 N = NES WWER 7 |
;EU_E‘_600°C%E§3\ = (g) I)ﬁﬁzl:lq: ﬁﬁ})&iﬂ%l‘?#*‘l’ﬁ %{{%Tﬁ'ﬁg%#ﬁ]
Environmental legislation leading to rapid growth.
Lead-free soldering Combination of new material and better
manufacturing technology
S BEFRELEERIRAIREIE R, HitHEEFRRISE
mIRETIR A
Bt
. New scanning technology is getting faster and more
Measurement |Hybrid Portable laser/CMM measurement reliable, e.q., FARO ScanArm
. NI ATETUERSY/ AR B CMM HRRERINIEE S ERNER R, fIMIFARO
IHUE lEl:llf . . . p
(Coordinate Measuring Machine)ill |ScanArm
. The technology is not new, but a reduction in
Industrial boroscopy . = .
equipment size is leading to new uses
TEEBENFLREER BIERHATIAEHRY, (B @RISR/ NS T #iER
Noncontact Capacitive measurement In.crgasmgly at.)le to sense the shape/quality of objects
within packaglng
IS BEAE HBRHAE

S eI= ==L )

HEHE

(HEE28/8%1NDV)
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APPLICATI% MIFINE —7
1 = LR RO FE

Due to their unique properties, carbonyl iron powder and atomized metal powder have
been and will still be widely used in various applications, including:

MIM&PM e Gl Diamond Tools

TR AR _—— > ZRIETAR

Electronic .
Components 4 8 Chemical Addictive
e b e Ty LS { &R

Microwave ; 2
Absorbing Material v Inks Printing
B3R IR ,. 5 St 5% BN

Pharmaceutical &
Nutritional Additive High Density A“D'-.
ALY A&

FREEERRS) i P YR SSACE R ERERI R
Carbonyl Iron Metal Injection Atomized Stainless Soft-Magnetic
Powder Mc!dmg _ Steel P-::uwder Pc:-wder

‘Iﬁﬁﬁﬁiﬁﬁﬂﬁ!ﬁ ‘*ﬁﬂ—ﬁmﬁﬁfﬂﬁ ﬁﬁ—ﬂ#ﬁ)ﬂ$ﬁﬂ$}"‘ﬁ#ﬁﬁﬂﬁﬂﬁﬁm
TEEAAR, S\ BEEEFCarbonyl Iron Powder (CIP) fIE{(CEEISARNAFIEF .
SNEEMEITARC R EEFEE s, KRR E, SRa TR0, ﬁﬁ?!ﬂ:
LEFEBHAPOFEH-ERNPORBMBEAFHLFNER, BEhNERGENEENS
S5%iT8f, AT Z2NERNERHE., AFF5SERNIERHAFIRERY TR HFINRESTE
FHE, FomPRFT . BOLARFHEENGE. RBEGWFHIRS. HkaEIEERE T
BREFRYEENSS.

LR LA T /EE RN E]
JIANGXI YUEAN SUPERFINE METAL E%%mg_og_m

it STAEEAR BHHLE T Xinhua Industrial Park, Dayu county, Jiangxi Province
EBiE: 0797-8772655 (EN&EZE)  +86-797-8772869 (EHirEzk) f&R: 0797-8772255
Website: www.yueanmetal.com Emailimarketing@yueanmetal.com
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2.Top technologies: additive manufacturing (AM) and
metal injection molding (MIM)
[AR T : IBMBIE (AM) EEB XS (MIM)
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Top technologies:
additive manufacturing (AM) and
metal injection molding (MiM)

BRESRATINMES - BRREERAQT

If you only remember two technologies from this paper, they should be additive manufacturing and
metal injection molding. // MIREREEC T A X PRIMERI - BEMIEZIMH MBREN S EESF AT !

The importance of technologies varies by industry: spray-on circuit production holds great potential
for the electronics industry, and composite adhesive bonding remains a focus for aerospace and
defense. However, additive manufacturing and metal injection molding were consistently voted as the
technologies with the most potential to further improve manufacturing across a broad span of industries
and geographic areas (Exhibit 5). // &I EEZHETEMARME : EREEBRREELHEFTERAFEX
B - EESBRNARMEMKTIBIFGRERS - AT - IBMRENEFEEIFRF -—ERDB AR RA BRI -
AESTE T MM EIAISEE N E — P UERIE (MNER5) -

(HEES/BYLNDV)EH WEERLERIVD
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Exhibit 5. Top 10 advanced manufacturing technologies // B~ 5. &A1 10 A95ciE RIS R lT
EEMLEIREE (Readiness) LEBRBIRT - mEIRNKRIFE KR - ERAKAER (Maturity) #E1F

Low readiness
@ High readiness

Rank Technology Description Overall impact 1 Maturity 2

HEFe =T biipus EEHEEUHERN REBAFE

Additive manufacturing ) )

BUI|d up parts from a powder or resin layer by layer
RS IR B R E I TE T

B EIS

Metal injection molding | o )
Inject a metal powder and a binding agent into a mold

152 B FRARA T AR D 21 .
TEEH MY
Composite adhesive|Adhesive bonding of 2 or more precured composite|
bonding parts to avoid bulky joints
3 w <@
AR SR 2ME L E TR SR S MR DU S KB ER
Carbon composites| ) . ) '
production Solid 3—D structurf:!s of lightweight carbon fibers
4 bound in layers at high heat, pressure, and vacuum 10 .
EAMBAE S BH - EETNERRAMEN I IREE
Spray-on circuit o L . .
production Spray a th{n. film of.metal onto a circuit board instead B
5 . of the traditional print-and-etch technique g
f-éﬂ%‘*&i%qﬂﬁ@ WER e mERERRBIR - F2ERT BRI
il
Lead-free soldering Using a solder containing no lead to meet new
6 environmental regulations q .
mELSTIE FERAZ HAER R EMARIEER
Combination ) . . . . .
mill/ turn machining Cutting machines that drill holes in stationary parts,
7 then create profiles by spinning the parts B8 ‘
B ES Y EBEIES 4 LBATEIN - REREBIRESHREIR R
Cold spraying Powder particles accelerated by a compressed-gas jet
8 to thin metal film on an object 8 ‘
SIEE BB SIR IR e TE £ IR LAk R o
??E
Ultrasonic welding High-frequency ultrasonic acoustic vibrations applied <)
9 to work pieces to create a solid-state weld T . g
B ()RS AR IH4NSEREERIRIEEEEIRLE %
Jisad
Capacitive measurement Use capacitance sensors to sense the shape/quality of g’%
10 metal objects, even within packaging 7 . =z
FRESBRFRRNEBYENTNR/ESE  EEEEE 4
BAELAE A ﬁﬂi
S~
i
pll
i
=
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Lenged// &RA
1.Percent of experts rating the technology as having high or very high impact on manufacturing over the next 0
- Syears. // ERXRRSEERMEARRO 2 5 FHREEFRSVIIFESHTE -

2.Derived from the Manufacturing Readiness Level assessment. // it B5& #E s KCERE L
SOURCE: McKinsey Advanced Manufacturing & Assembly survey// ERIZRIR | 5550 ERSEMERABIRS

Additive manufacturing g1 823
Additive manufacturing is a collective term for a range of technologies that build a component “from the
ground up” by binding together powders, resins, or fluids into a single object. The main benefits are: // 1547 %2

EE—RIEMRANE - BBBR/HNK  SlEUREESE RN —E HEEERR Wl TBHERZ

® There is little material waste in contrast to  “subtractive” processes like milling. // 81 "8 %" 8l TEARLL -
B LEMRE -

® There is no custom tooling, which saves time and money, as well as allowing for the customization of each
component printed. // RAEREKNER - BEE (FHENKBMEE - Wosrill8EcHrEREK -

@ |t is capable of making complex geometries, which are not possible using subtractive techniques. // B8E$0%
SERMANETEMR - B2 AUBEERBENRIMAER -

Selective Laser Sintering (SLS) and Direct Metal Laser Sintering (DMLS) are the most widely used additive
technologies for industrial applications, accounting for over 70% of the market. Fused Deposition Modelling
(FDM) has become popular for consumer and smaller prototyping machines, due to the simplified workflow of
not needing to empty or fill a powder bed. (Exhibit 6).

FEEEH S OLS) MEEEHES (DLS ) ELERAPRAREZABMEIM - 155 70% LI E - BRULE
218 (FDM) BRARTROEEEZ NN RRELE - BREER TIFRRE - AREBZELIRIETTMARRRSIE - (Em6)

WHREEHIVO

R4
Y

(HEE8/8%LNDV) S
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SOURCE: McKinsey Manufacturing Practice // Ri : BEHREERMRE
Exhibit 6. Overview of additive manufacturing technologies // B~ 6. 3R A 154 B 5 i 47 it

Technology

il

Description
M

Primary material

EEM R

& R LY EIERES -

Stereo Lithography (SLA) A liquid resin is cured by exposing it to UV light|Polymer
= == // P
ARSI HEIL R EIRB R E R I M ENL BE
Selective Laser Sintering (SLS) Polymer powder (free of binder or fluxing|Polymer
agent) is completely melted with a high-power
s laser // o
EREES BEMMR(RSMEER AR EEABIH =GR
2B -
F D M I
(FUDS(Ii/(Ij) eposition odeling A plastic filament is extruded through a heated|Polymer
nozzle //
BRI BB 4R B N ERIE IS IR EASLY)
DDI:\?I?S Metal Laser Sintering Metal powder is fused with a high-power|Metal
( ) laser//
HiESETHELS TEMARESINRE G (5EH) B 2B
Jetted photopolymer (JP) Inkjet print heads are used to deposit tiny[polymer
drops of material, which are then cured by a
o UV lamp //
EERABES & SB3TENGE AT RAL/ O R - A RRIMR| BB
&=L
Laminated Object Manufacturing A heated roller adheres successive sheets of|paper
(LOM) P
material together. A laser cutter then cuts an
outline in each sheet//
B 4R M s MEERRIEENM R RS E—IE - SERUIEIHE M

3-D Printing (3DP)

An inkjet print head deposits a liquid adhesive
onto a powder bed to bind materials together
//

Polymer and metal

[Z -
=

SHEBIEDEE 1B BT NGB B R S BRI SR R | - LUt [ R RER
BHaSE—IE -

Inkjet printing (IP) o . . . |Polymer
An inkjet print head deposits molten material.
As each layer is completed, a grinding wheel

IR flattens the top surface// R

IEENEE ERITENEREARME - EEERMAR - DG REY
JRE B -

Laser Metal Deposition (LMD) . . Metal
Nozzle sprays metallic powder into a laser
beam, melting the powder in layers //

2 AR BIERESEMARBABHARS - KHKBEX|og

CAEMoldingMagazine + CMM-VO0I9-(2018/9H)
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o LAl While the diree market is o d i reach LIS I 1 hillion by 2020

the fuill Bconomic impact is Ll J o be cho J e 100 biltion
10,0
= 2% higher growth rate in direct progduction
compared bo other categories
= Ratio of prototypes (o produc ion parts s
i5 Progotyping typically 1:1,000; s0, &3 strength in
Frbalns prototyping moves to dinect production
rCwEh wall e
- Deresct
1 Toaili production
& Iﬁiﬂm parts from
GE avialion
Image
courlesy
23 ol L
Direct production i
- ERAR:
id aEAR AR
0.8 ACHTENIS T
0.8 Hesearch and other ;}gig.—g
! Wi e
2013
SOURCE. M Kinyey
R Fiie

Exhibit 7. Additive manufacturing — global market size for equipment, materials, and services//

BR 7. BMRE - EHRMISREESRE - MNERS

Despite its promise, additive manufacturing has taken 30 years to achieve widespread interest. However, we
believe the technologies are finally reaching the tipping point, and the market for equipment and materials
will grow from USD 3 billion in 2013 to USD 10 billion by 2020. The market for production parts is forecasted to
grow at twice the rate of the market for prototype parts, which is an encouraging sign for the technology’ s
maturity (Exhibit 7). // BEBREGE - BMRECKTE T 30 F - LEGSEZNEER - M - RPEEELERTE
BT ZEDRSRE - RENMRNTHERE 2013 £/ 30 B=T8FE 2020 F/9 100 87T - 3D EEEEEE
HMERRUREERNTSEMERERIER - BEZRINS ASENMAETR (NERT) -

Legend of text on drawing // BElR3ZF&5A
o BIEMARIMALL - BEEEER IDIELTE 2 FEanERER
o AV ASAEMHMLEABEEZ 11000 EE2E 5 ; At - BERVUBHIIEBRLIENRE - HIERERIBIE -

S|:8 3D SIENEAMNTREMEMK - Bl - B - SHARNRERE /Kid - EXBEHANIEM RENE
FRETMEEAREME A BEIRERZ AR/ EET - FENEMERE

® SUFAMAE - GE MZEATE 3D SUENRKIER - ESE 25% & - MHARE -

® FIRN EHISME - HRFEHSMEERBAIBREBEN 28 BRE/VE 8 B

o DIREBRNRAETER - &' B BRNERSMATEBBRERELEMNANMEIRE - KESIEREAYIHMN
AR 7 30 2 50% -

(HEHEB/8BYLNDV)S 5 0 S R B 58IV
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SOURCE: McKinsey Manufacturing Practice // ERIZRR | £S5 HREEREIFIHRES
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Metal injection molding // &5 R

EEIFRERUBENRZERBHARLIHERNZ D - REBBENPE LIS & BERKENE P INRE
MAOLRRERE - BREBERRREE) BN EEEPHAASHENSH - T2EBMT .

® Reduced material waste // B/ #RIBRE

® Better cycle times// BFRAEEME

® Reduced finishing requirements// B/ 3= E E IR ZE K

® Making use of existing plastic extrusion(injection) equipment // ol A FRBE B RO B+ 5t

EEIFRBEMEA 20 FWES , BEBETFRERE FBENIER  REBNVKIHISEEH 2004 £2 4 B3
TOETEBIBINE 2014 Fr9 14 €570 - REMNERRFESE N = - 2 2018 FRER 29 B=T0 - ERETE -
EEIFNAEORATREEREARNRENATAMATZNME  BEATLEEZR MM ESERE NMEKE
BeEEMRALUBIENEMEESES - B8 MM Z20/UEIRN - ARERIEEMHFI LACGERPAFERNR
PNESNRECRE

EEEFREEMEARANEEZ ERNTHMEERE - f1U

o [IEMEXATIEIEE 7 —EWHZEHEHZM4 80% HAA - TR2ZMRACREMIN LIKEEH S -
FA 300 BHNES  BETEAFTE_RNIER -

0 X UFHRISEMINETE A 40~60% FEIES &8N A —EDR Mt -

® ERANREHATH AL EMRELHABHER LER - BENEERTJLUEFBED B LS -
BE - TEISMEERES L ERREREBBEEH 5000 4FEER 200g EU FNERIBEESUR - WEE
RERFEBRSHUERASHAEASKIWER D ZHEREE - PO HERE B USRI E M Em -
TEIHMICERR 10~20 FZEASTEENRBANEHRIE - REERTIHRIESH B ARERENEm

DTN B AR ETEM
Frguees in USDikg* for @ medwm complaaty part Matenals wH
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Exhibit 8. Example in-house printing costs for aluminum and nylon// B/~ 8. EfEElfa & < 3D #TENH
AUELRIR (2025 £F ) MBIER A
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ERKE

mE - EEBARMAEE

FEOFERRIARK - TS

REFEEESRE - AENBERIMNER - £FE " RE " CWEEERN/EFE2LFN (BER10) - -

R&D/product
design
s/ EmaRE

+ 3-Ddesign
becomes
core asset Greater
emphasis on design
concept rather than
manufacturing
ability. //
IDRETBRLEE
- I EREERM

SRS

+ New specialty
materials tailored to
3-D printing. //
HEBEMRLER3D
FTENZEH|

Fast forward 20 years from todaytRiZitt BEI20FFIEIS K

Purchasing

IRE8

+ Low-cost- country
sourcing disappears

Shift from tier-1 parts to

purchasing of raw
materials. //

TS B A B X IR AB 55 — PR

B ARERAH

+ Purchased
productdiversity is
diminished//
BENERSEMERD -

(RBER FXR)

Manufacturing

U3

<

+ Less hard tooling
and reduced
assembly. //

EORTIH TEME D

B

« Enhanced
manufacturing
capabilities, (i.e.,

complex geometry,
and composites). //
JEIRAEISEE S, (BNHE
A - BEMR)

+ Manufacturing
capabilities are no
longer a competitive
advantage. //
LEBENEABEHRT
B -

« Increasing trend of
manufacturing
outsourcing //

LS ENBEER

Sales and marketing

HIBHETIS

+ Infinite potential
for highly
customized
products//
EEEERERES
EREN

+ New design
possibilities
Collaborative
product design with
customers//
MHERER ST O BEE
EFHNIHEEE

« Fast response
from manufacturers
to demand surges //
LUSBEETRAULH

IR &

Distribution

Customer support/

-service

B

+ Significant increase
in manufacturing at
point of use/mass on-
shore production
centers produce a
large variety of
products//
fEEE LBREEM T E
RN/ mEEREEPD

HENREER,

+ Reduced COGS
due to less shipping
BT EEEBRA
(Cost of goods sold,
COGS) - EHRBR/EH

« Lighter or nested
parts make
transportation more
cost efficient
BEGHREDMG - £E
BELESY

EEIRERT

+ Spare parts
manufacturing at
point of use
HRRHERIETER
BI85 £zl
BIEENEH)

« Customer has
more control/
ownership of the
product, e.g., allows
later differentiation.
/EFEEZERNE
R/ EARE, Bl
HEEBRKRIESD

Reuse/ recycle/
discard

ER/EW/EE

« Upto 70% less
energy consumed
ZIET0% WEERETE

« Less waste and
easier integration
into a circular
economy //
WRE, BERSRA
Ef=E g

SOURCE: McKinsey Manufacturing Practice // EKiF : 5 #HREERIMRS
Exhibit 9. Additive manufacturing impact along the value chain// B7R 9. 1M B S FrE BRI E B
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Mechanical

ﬂ#ﬁﬂ#ﬁﬂf

Consumer

M ER

Medical

B R

Automotive

BRE(3C)

High tech 4

2074 market size

Europe ELM
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Asia 52

26

16

North America 105
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T20

| 30
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I
| 1

340

Global market size USD 1,400 million 2014EFEHEBEEREEMIMTIREERS14E2S

SOURCE: Powder Metallurgy: A Global Market Review; BCC Research, Metal and Ceramic Injection
Molding; McKinsey//
BERRE : KA - 23kmIZ0EE ; BB R - £EEME
Exhibit 10. Metal injection molding market size.// B~ 10. & H R TI5HEE (2014)
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Lidepowder SHIJIAZHUANG LIDE POWDER METARIAL CO.,LTD

2A51iE T
ompany Profile

AREFEHAFEAFTRBALAZEMNT, FE, £7, HESXYEEBERTHNS
WHEAREW, SEAMZRABFARFETSE, EFKATEREHSAE (MIM) , £H3DIT
B, €RIATR, ZAMBETEEANNAEEES &R, 2ARARAITE> T K, AHHE
HRIZHEBBEKSEEETNLETXESE, HOARREERMARTHE46000F,

Shijiazhuang Lide Powder Material Co.,Ltd is a High-New Tech Enterprises integrating
scientific research, development, production, and sales of many different kinds of metal
powders. Cooperating with many domestic and international scientific research institutes,
we mainly manufacture fine metal & alloy powder for Metal Injection Molding(MIM), metal 3D
printing, diamond tool and porous material etc. With two plants of production, our company
have 6 production lines of special-tech super high pressure combined atomization of water
and gas and capable of producing 4,600 tons of metal and alloy powder.
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roduct Advantages
IS, S ET  HE PR IR R R
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Mk, AdEEAREHGTHE 1% : 15933999959/13383299133 (E NN )

B FHB{F: lidepowder@163.com TEL: +86 13290511818 (International sales)
Pk : www.lidepowder.com
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3.Managing and implementing new technologies
ikt ER M E
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Managing and implementing
new technologies

Taking technologies like additive manufacturing and metal injection molding from concept to full
implementation on the shop floor is a daunting task for many companies. The cost of prolonged line stoppage
from a poor transition can outweigh the potential cost savings, and building the required talent and processes
are not trivial tasks. //

EAESR  RAMNREMNTEENABEERM - B TEER - W2 QSRR E—BRMEBOES - t—
ENERAEERERNE LA UBEBENMADNL - WERZUMBOATNBREAZMAEBHES -

However, as the cycle of technological change accelerates, having the organizational capability to rapidly

WHREEHIVO

identify, prioritize, and implement new manufacturing technologies is quickly becoming a fundamental

R4
Y

(HEE8/8%LNDV) S

requirement. Companies that can implement new technology quickly and effectively will have a competitive
advantage through increased flexibility, reduced cost, and a shorter time to market. //

M - BEERITEEBHRONMR - BEAEREER BT EN B RS AREE N EEREM R —EEREXK -
AEA IR B MM BRI RN AT BB IENE S - RENAMERN EHSEMEERFES -
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In our experience, companies that are succeeding on this front have talented people and formal processes
in place along all four key steps to execution: //

FEHMOLRS - £E5HEISAIINATERN TN ER RS EPEHE AT MENRE

3.1 Strategy // Eilig

A clear manufacturing strategy tied to business strategy. Leading companies quantify the relative
importance of lead times, quality, flexibility, and cost for various customer segments and translate them
into a prioritized set of strategic manufacturing goals. This allows strategic Capex decisions to be made on
investments into new technologies, and where in the manufacturing footprint they should be deployed.
The best manufacturing strategies also make it clear when investments are not going to be made. This
prevents projects idling in the shadows and consuming valuable resources, allowing the business to re-
focus its efforts on other improvement levers such as process optimization. //
—ERRMER RIS B IS A B B E BN - RIEM AT B T ARERPANNREN » ME - EEMMAANRY
SZ2M  IREMEBEEABRESEENERRT - EEFEE CAPEX AR LIEHMKIETRSE - WER
EENEMPETEE - REFNRERBTELMGRA 7 ERERAWEENRE - BRI IEERERS
PHEE - IWHRESNER - WMEEBEHEPBNHRNEMICGERR - BREEEL -

We often see companies struggling to quickly and effectively make these strategic decisions. Typically
there are two root causes of the problem. Firstly, that the senior leadership does not have access to
the right level of quantified insight into what the business needs and what different options will cost to
deliver it. This requires both an investment in the organization’ s analytical capability as well as in data
acquisition and management. Secondly, and more commonly, there is disconnect between the strategies
and incentives of different departments, such as manufacturing, R&D, and supply chain. It is important for
senior management to take the lead in aligning the departments’ incentives and metrics: this cannot be
left solely to finance and HR. It also requires active risk management and regular feedback loops between

the departments. This ensures that corrections are made to their respective strategies, and that they stay

aligned. // r;.:
KRB EA QTS NRRANMMEELEEIEIRE - BEAENREEME - 555 SREEEEAESY E
EBRENSERENWIERKE - LRAFNEZFSNEHZONE - SRF2HAEBNOTENNRE - 1 E
FEHENNRENEE - HX - BERRNE - ARSI EESESAE - 853 - prasMHtEE y BE %
TEMREN - EBHE - SREBEAEBRGRAEBIFINABMNIEE . BAERERRRMBMANER - BRE E%
EREBH R REIRMEF 2 B EREEEE - SR F HSARBNEE - WHREGHE - ?g

F
3.2 Technology identification // 17 E %].

There are strong internal and external networks for identifying relevant new technologies. We asked
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Participants’ weighting
Type of of importance for identi- Example companies and institutions
organization  fying new technologies identified by participants

Universities

and research 27 N oW i e M
sttt KENTUCKY  Cincinnati ook s

CEMs 27 .@u @ AIRBUS | &oss/ae FOXCONM m
Suppliers 20 <> JCI® (intel) © BoscH
Machine manu- of ) g
B 23 'stratasys ARCAM ASML omc mom .’,?_t}
Others 4 ‘ seacex V1 DENSO

Exhibit 11. Leading institutions highlighted by survey results// B~ 11. ABEER R LN EEHE

executives at over 80 leading companies who they work with to stay abreast of technological advances
in manufacturing. Household names like MIT, GE, and Intel came up frequently. However, the companies
with the best track record for technological implementation had a wider network of advisors and included
“wild-card” organizations like the Disney Institute to join their meetings and think through the operator
experience of new machinery. //
BRAAEBAI S BB B AR IR B RO Rl - FFIERKiEBIE 80 REB RTINS EMIR L RISFENRIMES -
GMEaE T - BHBERNEEHEENRBMAENZFHRELIR - 2M - BEEREFNRINERCHENATES
FEZHBEAE  WEeE "8LtE" R "BRF ARSI EE  WEEEZBON S
RO BB AR R

Too often, networks look excellent on paper, but the full potential of the industry, government bodies, and
academic institutions working together is not exploited. Getting your network to work for you requires
a clear framework as well as setting out the responsibilities of each partner and the benefits they will
each receive. The performance of the network should be managed compared to a set of quantifiedinput
and output metrics. The breadth of the network is also important: bringing in parties with expertise in
technological adoption on the front line may be as important as learning about the next best thing in
composite adhesive joining. The network’ s search should be tied back to the manufacturing strategy to
avoid “boiling the ocean” (Exhibit 11) //

REFE - AEEA CFERRYE - BE21%  BUTHRBNEMEEERE TENZEE LB AR - FIRRY
AEANRIFRE—ERENER  TREESESBANSENMMARSSING E - B—HES(EME AN L
EEALE - MENMERZHERE FRNEETZREBEN | EAIRSIERN A ENEFIHB O EMEH
EoEREEPN T —ERE—KEE - 5 /8% " HEEF " EREREZERSEERN (HEK
1)

(HEHEB/8BYLNDV)S 5 0 S R B 58IV
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® Type of organization // A&V FEEL

® Universities and research institutions // X2 BT T i%1E

® OEMs // XTI

® Suppliers // &R (MK ~ BRE)

® Machine manufacturers // & H8IER

® Others // Hith

® Participants' weighting of importance for identifying new technologies //
SHEEHWREMRMNEEENEREE (MLBNEFRR)

® Example companies and institutions identified by participants //
SEEMMEEN AT NHBROZE D+ (LIEERR)

® SOURCE: McKinsey Advanced Manufacturing & Assembly survey, n=100//
ERRR . EEHTERGCHAKBERS - S ASIRE = 100

SOURCE: McKinsey Advanced Manufacturing & Assembly survey//
BEROR  EEHTERSHARRERS

3.3Technology prioritization // #{fif@5%{t

A robust set of processes to quantify the total cost and relative merits of each technology compared
to the business strategy. A common pitfall is to have a multi-stage-gated process where the answer is
always “yes” at each stage. The process needs strong executives with the courage to pilot risky new
technologies and even more courage to kill projects with high sunk costs before they do more damage.
The executives need to be supported by analysts with the specialist skill set required to forecast the impact
over time of transitioning to a technology. Many companies today still do this on an informal basis, even in
the aerospace and defense sector. //

—HARBNBRERES(CBIRRINABR AN AEER - BEEFREALER - —EE RNREHMES —EZRFIZ
BE - EeEEREEAZ ‘2 - EEERERANINEEAE  BURERETMNEIN - B2 EAMEM

ESBERR MRIEESMANIEE - EBASBREZRINTENNZIE - ERXEEFTEIRABIE R BT HY IS E r;;
NEE - A2 RESKRINAEIFENRER - - B2 EMZEMCNEBLERF - E

%
3.4 Implementation // &l =
A rapid approach to piloting and rolling out new technologies. The fear of disruption caused by a change ;E
in manufacturing technology can often paralyze the implementation process. Several of the companies we §§§
interviewed had maintained their existing manufacturing technologies despite having known for two to E\g
three years that a better alternative exists. // %u'

—RBIRIRS I B LTI TE - BRRERIMMAEZMS AR N ER B EMBEER - X
AN EATRET FIRANRERN - BECKME rMA=F - —EEFNECREE -
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There are very few manufacturing managers who can truly balance the day-to-day pressure of meeting
operational targets with the creativity and openness needed for the implementation of new technology.
Creating a small implementation SWAT team can be a way to address this issue. A high-performing team
with tight 19Factory of the Future timelines, concrete goals, a small but liquid budget and freedom from red
tape can achieve rapid results and break the paralysis. Some companies have created mock manufacturing
environments to test changes in a nondisruptive way and found the cost of the sites was outweighed by
the overall acceleration and improved quality of the rollout. //

ROBREXEBEENE L FTHHERE B ENBENMERFRMPARNRIS DMK - BIE—E/N W
SWAT B2 RERBBEN —BA T - —EeEUNWER - ERENEER - BERNER - —E/) MRG0
FAEMBREFBER 19 TH - JUERRENGER - THER - —LERT KRR 7 HEIERSRIRACHR
FRBURMAEE - ZORAEIARI R A BRSNS A UEERY #E L an B PR ER IS -

It is important to make sure that the implementation project team’ s incentives are aligned with the
operational manager’ s incentives. The team’ s metrics need to encourage long-term benefits over short
term disruption. The quality and crossfunctional nature of the implementation team are also critical: it must
contain people with skills in communication, training, technical transition, and change management. //
SZNZEZRERANTEZEGNAB REZCEOMBE—R - ZEBENESSEXR AN aNRAZE -
EmMEBNRBENERELENZZHERN . BNABSSABE - 15l - RiTBENZZEERRENAE -

We interviewed manufacturing leaders from over 80 companies to understand how they performed at
each of the four stages. Overall, managing manufacturing technology was acknowledged as an area that
has not received sufficient corporate attention. However, as lean and Six Sigma programs increasingly
struggle to find more waste to remove from the process, the equipment itself is rapidly becoming the next
frontier for major improvement. //

IR 7RE 80 RATNRISEEREE - M7 M FEINERERPIOE —ERERNRIR - REMS -
BREFMHARBS—ELE TR EHNEERBTNEE - AWM - BEEBmEEN/NEEIEIE B SsAGHE DK
FFZHNEPRBRPER - KBRS EENERAS T —EEZSCENR

8

Only 20% of companies surveyed felt that their manufacturing strategies were fully effective and aligned

WHREEHIVO

with their business strategies. Less than 10% believed that they had fully effective networks and processes

R4
Y

(HEE8/8%LNDV) S

for identifying new technologies. Furthermore, less than 10% felt that technologies identified were analyzed
as thoroughly as they should be. And finally, less than 10% felt the implementation processes were quick
and effective. Obviously, this is an area ripe for improvement (Exhibit 12). //

RE 20% NWAE AR AHMPINREHEZTE AU - WEAMPIRREEEREAHE—2 - A2 10% WARE
35 5o = B WA B ANBIZ A BURTEAN  BESN - A2 10% WARSPIE RN MR BRI D47 1 - &1E& -
AE10% WARBEIEBIEZREAERN - B - B2 EANET (12) -
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SOURCE: McKinsey Advanced Manufacturing & Assembly survey// ERIRIR : BEHLERIEHARBERS
Exhibit 12. Survey results on moving from strategy to implementation // B/ 12. (R SIS ERQBEMNRAEER

1. Not done R/

2. Informally doneFFIE5E AL 100% Percentage Btk
3. Formal system In place, partially ettective lETUF4£8 21 - 858778
X

4. Formal system in place, fully effective ETX A& ZIM - TRBEX 1 2 3 4

v Is your manufacturing technology strategy
closely aligned with your business strategy? //f/RE9| 7 36 | 38 | 19
FERINEEEEERNEFREEER - ?

Strategy
RES

v Is your manufacturing/production strategy
department outward facing and focused on the
end customer? //RFNEE/EEHKEIFIEEEO

BRER?

+ Are there strong, formal links between your
business  strategy department and your
manufacturing strategy department? //{RA 375 8
B ERFIAI RIS ERE EIFI Y B R E AR B IETHE ?

10 | 34 | 30 | 26

« Do you have a broad industrial and academic
network that keeps you up-to-date on
manufacturing/assembly technologies? //fRZ2&| 12 | 49 | 30 | 10
BEZNIENBMNAE - EIRMERRS/ KRR
AEFTIBI ?

Identification
BHEHE R

« Do you have sufficient internal resources to
make the best use of this network? //fRFIBEZE589] 20 | 49 | 23 7
REPEIRARFE 72 N RS B AR IE 2

« Does that network work efficiently and o
effectively together, with clearly defined roles? // 3| a7 | 31 7 i
ZABEEEESMUMABARM#HE LIF - L EEHHESR 8
ERTER ? &
+ Do you have the right internal processes and gj
capabilities to make the best use of this network? 13| 50l 31 6 =
//BREBEENAEREMEE DRI DR HEE §
B ? w

@
+ Do you use the network to maintain a list of o

-+

emerging, potentially relevant technologies?// &
= 75 1 FH A8 S 2R A 5 — {7 Bl RO B AR AR R £k T RO B
=7

21 | 46 | 29 4
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Exhibit 13. Top ten questions for executives on advanced manufacturing technologies //

ERRERMEETERE

Strategy
RES

« |s the manufacturing strategy directly tied back to customer needs
and the overall business strategy? //
BUERE  SEEEHEZEPRRKANEBERLSEREH ?

« Does it take into account the new products, services, and business
models that are enabled through new

technologies? //

EEZEIBAN MR ER - WBMEFERD ?

« Does it quantify the cost, time, flexibility, and quality improvements to
achieve through new manufacturing technologies? //
SEBBMNHERMEERAN - KE - BEUMRELGE ?

Identification
B AR

« Do | know which new manufacturing technologies matter most for
both my current and planned products? //
RABMLEHNHEKMERBRNAESITHNERERER?

« Do | have a well-managed knowledge network that keeps me up-to-
date as these technologies evolve and new ones arrive? //
BE—RESERFROMEMERE, ERERIR CEERI

Prioritization
BIER

« Do | have the organizational capability to holistically assess whether
the new technologies have reached the tipping point for
implementation? //
REAAHEBENZENEHRINEE SKER S B0 SRE ?

« Are the company's processes for assessing capital expenditures
against planned operational savings robust? //
AEMEERAX HAVBERE, EEHEISNEZHNARMEMY ?

Implementation
BiR

« Does the company’ s planning for the implementation of new
technologies consider the impact to the full value chain, including R&D,
supply chain and commercial? //

NEHEMHRMNRIIZSEZ BRAHRZEEBERENTE, BET% - HEEMN
[SES

« Do | have a team with the capabilities and empowerment needed to
pilot and roll out new technologies? //

HEEE—EEE, BEREEMAMEL R FEEE N AEE ?

« Are my organizational metrics and processes supporting or hindering
implementation from being successful?
HRYEAEBRM TESENREXIE - BEZM% FAIINEIR ?

(HEES/BYLNDV)EH WEERLERIVD
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Those companies that are building the capabilities to  “refresh their shop floor” quickly and seamlessly
have a competitive advantage through reduced cost, improved quality, increased flexibility, and faster time
to market. Therefore, now is the ideal time for manufacturing executives to ask themselves challenging
questions about their own manufacturing technology (Exhibit 13). //
RERER RemE -~ BMNBEUMERN EhEE - BBLEEFZIIRE "BEEN" BENNASIEER
FEZ - HIt - BESREEEEHECERMME CHREEINWEMRBIEERKEE (BR13) -

The answers to these questions vary by company, industry, and region. However, as the pace of
technological change continues to accelerate, not having answers to these questions is no longer an
option. We do not know what the manufacturing shop floor of 2020 will look like, but we do know that
companies cannot afford for it to look the same as it does today. //
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the%20future%20-%20advanced%20manufacturing%20technologies.ashx
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Introduction to Metallographic for Powder Metallurgy
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2.2.4 The etching stage 81 ZIH

Once the initial as-polished examination is concluded,
the sample is etched and possibly stained to reveal
the microstructure. At this stage, the combination of
transformation products, phases, effects of diffusion,
microstructural constituents, etc. are examined.
Revealing the microstructure can be accomplished
using a single or two-step sequence where the freshly
prepared sample is exposed to chemical solutions that
affect the polished surface in highly predictable ways.
The etch and/or stain procedure is used either to alter
the sample surface by dissolving particular phases or
affect the appearance of the surface by depositing
an interference layer (stain) onto the sample surface
to provide a colouration of specific features or
orientation effects. Because material is removed from
the prepared surface by etching and deposited by
staining, it is advisable to proceed to this stage in
the analysis only after the as-polished evaluation is
completed.
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2.3 Metallographic examination & 1H#{52

Metallographic examination, in both the as-
polished and etched conditions, should begin
at a low magnification and progress to higher
magnifications only after sufficient information
has been gathered and documented. The low
magnifications provide a better overall view
of the microstructure, where larger features
and characteristics are more apparent. As the
magnification is increased, more localized detail can
be seen. Both the un-etched and etched analyses
are needed to provide a complete picture of the
microstructure. This is illustrated in P2-Fig.4 and
5 with both low and higher magpnification images

in each figure. P2-Fig.4 shows an example in the



P2-Fig.4 Cu-infiltrated part with an oxidation plus open porosity defect in the bottom corner of the section a).
Detail of the defect with copper and oxide in the pore structure can be seen in b) (un-etched)
—{BfRZ2BMEIFASCMRBNRAMIARIEER R a) A5 - Ol b) B AR BERHZINE / SEYE AN S
fio (EHEARETHZ - MWEEREAE e8I - ReAIZAR)

un-etched condition with a Cu-infiltrated sample
containing excessive porosity and oxidation along
the bottom corner. The low magnification image,
P2-Fig.4a, shows the overall cross-section with the
defect located in the lower corner of the image.
Details of the porosity and oxidation in the porosity
are seen in P2-Fig.4b. In addition to highlighting
the benefits of using multiple magnifications, P2-
Fig.4 illustrates how features may be distinguished
by their characteristic colors and shades of grey
before the sample is etched. In these images,
the infiltrated Cu in the pore structure is the
characteristic orange color. The dark grey oxides
are located in the pore structure, but the oxides
are lighter in color compared with the open
porosity. In P2-Fig.5, gear teeth are observed after
heavy carburization resulting from an atmosphere
problem during secondary hardening. P2-Fig.5a
shows carburization penetrating the tooth via the
interconnected pore network and precipitating as

the white carbides along the pore edges. P2-Fig.5b

highlights the heavy carbide concentration along a
tooth edge and shows the Martensite plus retained
austenite microstructure in greater detail.
AEZHMEEZMZENERS - HEBRETERS
BeENIER - TERBEXTNESRENERL P
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P2-Fig.5 Carburized gear teeth showing the locations of the high carbon content as the white precipitated
carbides. In a), the tooth surface and pore edges are shown to be more heavily carburized than the interiors
of the powder particles. Detail of the carbide concentration at the surface and the Martensite plus retained
austenite microstructure in the matrix is shown in b) (2 vol.% Nital + 4 wt.% Picral)

BRR a) Z2xENEHR LHNETUEISSWMEMNBRKRIEY , AR ERBLEANS - ERHERBRERBDHER

SHIR{IEYI TR R B KR -
vol.% Nital + 4 wt.% Picral)

Z 7R EETERE - BRXEYIIBEARES -
P2- [l .5b MUARBR F &R N B = EMIKIEY -
B E D LUt B 2 F R R R R TR S EAE
&l e

2.3.1 lllumination of the specimen Y&

During the examination of both the as-polished and
etched/stained surfaces, the light used to illuminate
the specimen should be capable of reflecting all
information from the prepared surface. When the
features of interest have a characteristic colour, the
particular colour must be contained in the light
used by the microscope in order to be reflected
back to the viewer. Historically, when most imaging
and documentation was monochrome (black and
white), the microscope light was filtered to enhance
contrast between features due to the fact that
all information was recorded as shades of grey.

More recently, digital colour imaging is used in the

@ CAEMoldingMagazine + CMM-V0I9-(2018/9H)

b) ARRITILIEZBERAEERERENRBRKE - TEEWRIELRE (EABZITE 2

majority of laboratories and the colour information
contained on the sample surface is usable by the
analyst. Consequently, the light used for viewing
and documentation is usually white and contains

the full visible spectrum.
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2.3.2 Chemical etching {E284Z

Chemical etching is an electrochemical process



P2-Fig.6 Effect of an etchant on Ferritic and Pearlitic microstructures. In (a), the etchant has dissolved the

surface of three grains at different rates, which were controlled by the orientation of the grains. The Pearlite in (b)
is revealed by dissolution of the ferrite (dark gray background), while not affecting the carbides (series of white
and light gray lines). Both (a) and (b) are secondary electron images (a) aqueous ammonium per-sulphate, (b) 4

wt.% Picral
R AAMAEaER -

EIR : (a) MEASRKIBR - (b) 4wt% HIKER

where the microcells in the microstructure control
the local activity of the etchant with the prepared
surface. These cells contain small anodic and
catholic regions that are affected to varying
degrees by the etchants. The cells are caused,
not only by differences in composition (both
chemical and microstructural), but by irregularities
in crystal structure, grain boundaries, cold work or
deformed regions, passivity layers, etc. In looking
at the metallic portion of the microstructure, the
relative positions of the phases and crystalline
regions in the EMF series or the potential of the
microcell determine the activity of the prepared
surface with the etchant. This chemical activity
creates microstructural contrast and causes the
microstructure to be exposed. Examples of this are
in seen in P2-Fig.6 as a Ferrite material, P2-Fig.6a,
where the variation in crystal orientation determines

the rate of solution by the individual grains and with

(a) BAFAR=RHUNREAZEERR - E2HRMASRERERER
RAREHERE (AXEER ) AR - RIEY (BEMEXER R ) ARZHE -

(b) Ry
(a) 7 (b) R-REFE(Z - 84l

Pearlite, P2-Fig.6b, where the ferrite is dissolved by
the etchant and the carbides remain unaffected.
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ZELSBANRIBLEREK (shear rate) RELBE
BB AR (shear heating) IR%: - #EM O AEF 1S AL E
BEEEMUE FEXSRASEHFERSE - MiTE
B—Lepi AU el EmIMNE ERIRIRE (BIRR ~ RE
= REEEMESS) -

28 1E % [ (gate) BB AR & = 09 55 1) 53R
rate) - 2 HBBEONE R
flow rate,Q) DU ZE O R~ K/ #2Esl) -

# (shear

255 7 2 (volumetric

Bl g e /) 75 38 2R E (filling speed) 3% 78 38 7 3 (flow
rate) - U—¥WFRIEREETHEFTIE - EOEN
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Bulk Shear-Rate Limits Table 1

Polymer Family Shear Rate 1/s
Makrolon® Polycarbonate 40,000
Apec®High Heat Polycarbonate 40,000
Bayblend®Polycarbonate/ABS Blend 40,000
Makroblend® Polycarbonate Blend 40,000
Texin® Thermoplastic Polyurethane 20,000
Texin® PC/Thermoplastic Polyurethane 10,000
Desmopan® Thermoplastic Polyurethane 20,000

B CAE BR D RRRE FTTIE TSP - ol ISR AR
NHEEFRIBRER TN EZERILREREAERD
FEREONEMEBINEASIEREE -
MTERXFE2—EMRBMMEHNBEETERI - o)
AR EREEE )R E (bulk shear rate) - ##A
AZRIBEEBZIAAHEM - BRIEHIEBERE
PRBBRISITIRE

Shear Rate = 4Q/mt r3

EHEERZEN (for round gates)
Shear Rate = 6Q/w t2

¥ FEAZED (for rectangular gates)

£xlch

Q = EER B EZE~—flow rate (cm3/s)

r = BEELEE &~ gate radius (cm)

w = #BFEEO R E— gate width (cm)

t = 2B O E E— gate thickness (cm)

2 m 5 X (flow rate) T E - ol IFEE@E %=

#EARNAREETE ARG IR R PR TTER ERY
LEERTERFE - RAMBRZEONEma - RIFE
U R OB EOAY REEEERERIMETE -

AEEBERD FAMAR - HFREEBEAR - 1B
RMAMENAL,; FIUEREASTREREBBEERT -

ZER o] DU = & A BT ) 3R 2 (Maximum of shear
rate) BEMEHAZERE - 32 L5 FFEERR
#i8 FA 0 S288 (branch chain) #70 - oI UABTE
SHEIRE - TERZ Bayer MR A S B #t ¥ H4RE
AEEEMR - TERZENR A UIREEE - BER
UEBI YR EARRE - ERAEFTHMEMNT £ - BEEER
FERREBBBAERE  MBEE—LBEHIE
o SRR — LS BRI

2ZER .
http://www.polymers.usa.bayer.com/checklist/

gates_size.html
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Fakuma-The Entire World Plastics Technology
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The 29th JAPAN INTERNATIONAL MACHINE TOOL FAIR
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