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Machining technology for connecting rods of trunk-piston diesel engine
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Materials of crankshafts
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holding furnace) Heat treatment
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Forging Final machining
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Machining Non'iiz?'suctive

HIAAE IR RIS



*BPTVHHRIBRSH (5ahT, 85F) &

RIRRIBISAMTRIBIE R LA A2 Re eIt 4T 4Eial

RSRES Sy, Hid, MRFRERS.

F* Fl
/] 11V
[H» RZET
% RESE 1
| - A
6 5 4
() BRI B (b) R EReEH (c)EEHF R
BRI

1,3, F b3 WAEH 2. | ol 4 6 0 38 1 S pR 3R
4,6. T FHhade EHR 5T ity a3 3 Sk BUR

15

feE R, KBRS OL7 I — J\ARALECPEA PR 2 71D RO TS A FH i i 6 4 ) 30 1B

2010:61-65



e
N
\

N\

e
| 1 1
T 0 1%
18 1716 15 14 13 12 11 10
(a) WAL B (b) AL &
E3 RS
LR 2,9. R 3. FEE 4 EphiieR R BRR 5,7,8. F
Hide BHi 6 MLE EMEL 10,18 FHUWEEM 11,12, 15.F FHhFiske B

7 eBERRBES ' BODBATMEL 14T0HE 16 FiAee Bk 17 FHE
1-E8F0 2-8RE 3-HME

1 2
B
(4 , 3
7 Fe R
I \
(a) ¥ BHH H12 (b)Ja e Wk
q Fl Bt
P - =
_F F_(
9 )
e P 4 241 4 a et il i R A 68 4 P
9

(o) BURLFHESF IR & (b) B E
S MR



Lodwnmes W N

Fi
\ ! [
/ / / “\~‘ : SNy //
\\ -\\ slls &
/ 4‘\%/ /ﬁ A A
At R R Sy
(77 A *:?%2"""14‘&
VA AN SN
i
- H LSS —
| E-L [ o,
ﬁ\‘!l- N oe
Il Crre

10 1 12 13
M6 WERREHTE
LS Rl 2.4 ESE 3.6 BB 43K SAETHER 64kL
Bk 7.A TR SATHURE 9L&WMEEE 10.4Mmi 11LPET
Bk 12PEITTWED 13 14ATED 1S AREEE 164 FER
B O17ATHR 184 LR 196 TFHR 204 BRI 216 FHR
B 220RfE ERR 23 A RED 24, FEERER

d
1 Z 777 7 ZZZZ7
2 | __—T1
o /NI | =
i FIIEL LTI I 777 &
5 — o
y = -
7
8
\ [ a
ErPEaR S i K< -
t%;f/f7/7777/7' LTI 2T
-4 [ A
4 ‘

9 10 11

M7 ke AW TR
L EBORE 2.4 EBR 3ARKER 4308 SETHEIR 6.4 THRE
TAMBBE S hED  O.RM TR 10.P[E FHEL  1LJREE  12.45 i
BAEWBEE 144 TERE 1SHETFES 16.6EEEF 1746 LHER
18.4 FHEHE  19.h (] EBUR  20.b 0] BT 21, iR

21

19
18
17
16

15
14
13



bR
X% 2 RSB ¢ AL T EAALEE, TR TR A

ALIE,

& J9HB180~240,

X & & N T N A IE AT, R T e T R A
 AHB207~286(F AT iZHB302~364).

Xk E= s A HRdm N 22 1 A AL, FBInL

2,

S

158

H >

HE FYHB220~290,

BN FE TR A AL




BRI AR K

1. RIBEMRINGE
RESEEL R AEEALITY,

QE=:: bl

The demands on the machining
of the crankshaft

Wit
)5
CI&]

'::I\ ;i_*ﬂ,> |T6 y

QIR LAE (BREMEHEE): KEVITIRLAERE
NZ—, EENITIRAENNSYZ —.
E| AKX BAG B st 3R E B E Ei1£200.035mm,.  (2013%F)
m&m’&w&m&n (mm) #1-1
ST5~100 | >100~150 | >150~250 | D250~350 | >860~500.| >500~600
T 8 FH -0.005 0,0075 0,01 0018 | 0,015 ’“o.dz"" 0,025
B W 0,005 | 0,01 00125 | 0018 | 002 | 0.0 | 0.8




0
H
K4
II:
TN

OEMA: EMIFRRIEERAR




2. NBEE

(1) Fr&3
1EA: ZE)[E
\kim £ ][

o [H

= S A §h 2k

VHE—FEZ L.

Bk EhE=0.02~0.04mm,

R

EHUFBRAERZHABE (mm)

FEEhE=0.04mm (E#440.04~0.08mm, 2016) o

#7-2

e

HIXE |

E
ﬁ< R T ST A
SN ey T

) & ! ]

LRS-

}“" DR
§

.1 >75~100

>100~150

>150~5250

250350

(>350--500

>*500~-600

ST T

o : 9~12

x E

2~3
3~q

B~8

0.02

0015

0.025 |

0.02
0.025
0.03

0.025
0.030

0.04

©0.088- ¥

3 : . ‘oﬁ'si **a

0 04
0 05

0.055 |

004
.05
" 0.08

0.065

0.07
0.075

0.08
0.085

‘-
) #
£



(2) HIEHS3

-4 11550.15/1000, MAN EREEE
HFRIBI B R AIRE<L15,

=X

L

2% /Y

ERL Y5 1ET)z:)

247,

A | 001
—
— _gg.—
=2
0
=l J
L =%
 —
2%
{p)

FIRE.

4% 90.10/1000;
A (@002 | a-B
2.
o | /‘f.u'].{li'E (
A 1006
. | - .
— = s
= %
¥ ".{:["},
Y,



(3) TS ImE N SHEHHZ TR, SMEIXEHHL /R
SHE BB EhRE
D ,:5<300mm, < 0.03mm;
D 4>300mm , < 0.05mm.

FEREHENEE<TR PRI EEK

L CANMDISNNMMSHERDAM ) as

HHOKREE . - ~00 - | >1oo~250 ‘ >zso~soo

>500

Eﬁ@%d}’&ﬁ 0‘.02 6,08 % 0'4';" 005

* . : e i

L




(4) BB EE

>BmiEZEITIE< 0.075mm

> yEZEITFE<4A00mm, FAIEZEITIE<0.10mm, {BR{E<
0.03mm.,

/‘—.
II

. mIN

+
QN




3, REHHERE

(1) HEH3REFMTFNERTREHE | A ABAE A GHZRE
(2) ;mFLFL OFREm S0 R Tk U0 3 M S AN AR £H ) 7H
(3) ph%HChZx/MA] s MEE 1A Z|Ra 0.4,
(4) BRHRE M (20134F)
(5) HhEmREEZFL(GNEhEH)
(6) WREEW, HEEES—XK.
& s E :

FEX L %zﬁﬁ o

o — 1 s/l

A | AL

sl . |E | ' - 3'-2 =

./////—//, | Z iE

Al



4, HAHERER

A EX N NEFIEE B,

MIzFRmE: ARIFAERY MR MPa, ERIFAD A ZFERES

g;hﬂ__ﬁu : ARIFERUR. 7F&. R HTERIRS
Bea

SIRHLENFEAEE : <0.005N m.




=, EzUHHeINnIT

1, EHSRNNIRES
MIZdiE

(1) INIPHER
NI 4 AN T EL

R

1LZRa0.4FEHEE

M Ex

FiEMIEERR
= IfE I TR B AE4F

L~

Machining technology of
built-up crankshaft

7Y, SRS A s A0 T4 =

1 REANRE SR

2 FIAREKRE

3 EXRARIBTF;

4 I 5r AT TRHER

5 BN TRTiZTIE KT

6% FH HR 4 AN TALIR A0 2 434 FL & AL
7 FHI0 TIa K FEH 238

8 1N L] 7£ & R % Z R o0 T
9ﬁﬁEEMI

- -

' '/d:.FH I=Jﬁ:_-}_l_z
F 0 75 7 (40
PE)EFR LT
EERERE-

EBITOLR AN E



(2) IT23%=

TFH. RBIERRERLE, BHINETFEFRHEN
th/\BUEL R AMAY EE N TG -

DX RN T EMEEGFTIETFLE) %3 F HisR, BEHEM
_ 7T R LB s X P A

A = e BT T
2)+8 0 SR T, HEEHADERLE
)RR 2 (B B iEhgh), ki ;
LT, ‘\%ﬂnlﬁgﬁFﬂ%E*ﬁili@
_ " MR, REREH
4)#8 00 TEA+REH A0 B AR B 5 TRz, fimrl. o
S\SE AN T 27| (4535 A ) < )T RHEEBREMN
)LJJEI AR £ (ChOS TIRZE, BRI
6)FEMAALE, B E M THE R
NEERE ML EMEE; HISR 13 o iTEE -
8)1%% E _im%ﬁf - BRI T, N
0)E "; 4 A A NZEHE T E R
T o = e BERTHEM TR
10)%&7 GHR A2 FL (SRS M) R EE LS
11)?4/E|3¥Lfﬂf§$1ﬁ7]ﬂ_

Wﬂﬁﬁ?ﬁ%ﬂl-



QWI\IIITHNIWJJU-I-J—CME

<A ¥

A as;ﬁ aem, am@# BT kb ED

21

s [ I mxEA x TR RERTE
1 %z&&\mmﬁmmxﬁ EREE NET & o
2 ATHBFIRTRSHL 14 g | TR, @RS F %
P ———p oy
3 | ik b 4T = &
NOKEIL, EMTRETL &&fgmm%
* | mIxAMKER . “ ERE uE¥E
5 SRR LM, Tohm HERREM
o EMTERSY GERRD RERANNE, B | ENE. CSAERS | ERRERER. Hi
waE ~ U T m, e T Rk 3
7 S BEFRBTIL W R BB BEREN
8 Mt o ] CREEER
) EEROER, FERAESNT. NEE | ERBROSME | mE T N0
10 P R SR ARE ‘RTAEe o]l wmy
1 EHAB A EER R ATH 6 £E
" LRI RMRANE, O BRRT | sugsegm | 5%
1 WRRBLEERRYT - EHE & BB
14 BMTBEENERE (ATFE) RLF9 R
15 5 2 B B st A U B R Rt RIH e R
WELE. SRANE. CRINE LT R
¥ RRE (RRER RIF12 E
17 BEOERILERRR EHH 4 -
18 s TR, ALK HEREH
19 A S TR AL TR % FHLR R
20 THBEENT LR - A
BT

S22

' #HIEE. i&?tﬂ@!ﬁ@j’ﬁ L

REDD

wEEE K

SN

/I

immmzm
UK P



*3Efl: ARRSRIEA AR HH

J\EL, 44962.5mm, FiHE295mm, EFFEHIZ290mm. #4
#42CrMo, EILAHBERBENGE.

i Ao
No.8
0 L =
n_; — ‘——‘
- A AN
. No.6 ‘\ "l No.S
) ¢ = ‘—= 1)
. , 14.36'
N - ,
No2 Nodiaru 4y 8‘“
1 [m”i m‘ﬂ 2 dhihaoiemor A '

XIES, B ERAFIM TAZSFr) M ARG HEAI A BN T T Z %4
HURIITSHIE 5512 HH,2008(12):242-243.



CZRIZEENBWT

<01>F T Fl—
<02>FER[H—
<03>HEFHHEFE—
<04> R E[L—
<05>#H ZE EM IR —
<06>%hH I K aCR2FL—
<07>%h A< HFL—
<08>77it—
<09>F KL FimmE A H
<10>ZF /L FimmE A HE
<11>HRALIE: HR—
<12>7|' EE_?FEHTI—)
<IB>FEEEMTHEZE—

rv} rv}
U

<14>3R Al
<15>FHEE S

: RN

= iﬂﬂ l—

<16>FH EFEATiHIn—
<17>#h R ELLFHFL—

<18>%EHEfE —

<19>fgFufl. EHE—

<20>15 &3

- 5N —

<21>F5BEE T35 —
<22>5|{%F§j( \ /J\ %’C_)

23>t LG —

<2ASTEIRIR

MA—

<25>EKFEF|—
<26>HfFLOMS—

<L27>HbSE .



2. FhEn T

Selection of the positioning reference

BEEUBSFL. EHIIMEE. E—ZHIARTSHE
(FAIED SN E N InE I E M EE.

- SN ARG EELAI AR, HEMEHEIE
o, i ERiEARAERMN.
3\ m !
I ;\ ::‘ b_\{— l -
g i i griNz 3 A I 3 II\7
% | || ] 1 T = Hﬂ
B/ 1 ) | |
Ligsh (AE) MR 2HEEM 3. FHFEEFN 4BAMR
BFRL: UAPTHILFLABEE F&R2: PEHImIMNEE AEEE

>, KBEREEAthih: BAmI: LATSHFLEN; kA
BIF: I MZINE R iR .

>EEEEE R MM AMEFLIENRL; Shskob
N T ETFL

}:m

+

0




*SEfl: EMINNTAIERSER

7

H 2

Lo TR#pF 2 A 3. Tk 4 TRAREE 5. fiEk

6. fLFF 7. Wik 8. fERE 9. KE 104 EE
1D sk @

1. B 12, 4 £ 13 %% 15. TH R

AERL: AN FLAREE FR2: UEMTIMNEE AREE



*SEfl: EMINNTAIERSER




*SEfl: EMINNTAIERSER




o)RR : 15T AR AR EE I T EL X 3. EALEEIR
BRI TR

| famT O EemT )| BmT | e=mT |

(1) BplE3sisRE, SIARISFIE] A0/ 7

f;n\
| —H| SE
2 "H’ . s

H

_ ] Nﬁ'ﬁ

N My Ak 4/ B R o T B S R



(2) TR EHFENHEIEEL, EBinzRFiLZE

SNTFEEER, 8
LIFRT, il

a)

Y

b}

HME@IAML

I LET{naE sl 28, Lmu%%



iEE: EERIN T mbnERRO SR !

ERERTHTAILFZER
B IESh 2R (F X F
om BREHIZ I 2 K B —=

WKy —3

K4

K

1, RIS F
TIDZRAL &

DR ET B S

E SRR R BkEhE /T Rk
TRE BEEE /T R Sm AR IZ




*SEfl: E5mII0TRIFC

A5




A : EWMIMNIHNFERTS

—

B1 FrER

Bl NI 2 ZE-ZFERHLR

H A IE AN WS W AT S S A A B IS SH B \m RN



iR : EMSNINA, IMcIS

IMEEIRAN
CEANER? )

R



RE B EH|

£y sje eaialy
A : Il Tadsu=EElAR sy
HFEiftes,
REHIRE:
EK, T
YEA BERE L
Hhh EEE| A
B TF0
Zo. KRR
T EEHI R
TR Bk B
b — R fEs
MEEHFUR -
i y=ptd s
— NN RFI =
CIEGE =)

G EHIZE.

CBNH®S 4|
HI T F2 b
=ITH, -
Bl (600~8(
CBN#bE T
= B RS
ﬁ 1| AR

140) m/sHYf
HI RS

SRR

i

wlo

10

e

i

2| SHES
e =
o ==
Eas e
ey o
it El
i

B

£

= =

EHEE SIS

L ;J%tb

&2 A AVEe FEHI E4H




- se=as B T T,
HREES L. RiEFLINT MR R 7L, #
Fh— 2 I RLV
S ARG LA,
. | - |  RLIERALARLT
- o - _ ) R R L LI L B
o e R _o lﬁéf' > £ T B ROTLE

CEPRRE T S
' {13 : ' . ‘ _“% f R o

— ’ EESCRNDSN.T § M [ P o 2 5 S T
ﬁm¢m%¢ig¢m

READHF L EMIRBIL BY, THEESFTEE

EREAMECILLR L BB, BEELTTHY

Tt RERCH B TERI&MEHNRF#S

% 3. \ : R E|Sh A EBSR A R ch
s R it & ML R

sy 7L, 3 EAHHmHE

N B HERE. BFELE
i : FEERRETE N

IDFLABAN REMI R AR L

i
b
=y

Lta

%
f : INAHHBREH O
his waz || 5 R B AT A TR
' i MI&ENAMIAS
; @5 HEREFLILSILAY

WIS Z BN E
EXRERE, MILA
A5, WHRFEiERB

Ny SRR



L

s
!

*shifi<




“Ie e AR DN TRESHFRHFL

1TE ‘;E;E n
:mfﬁﬁéoﬁﬁ il VIRl 5y B
—RRTES~8mm<

B EAT SRR 5,
., m E7EsmE _En
. MIFHILRET
1R TE.

WA
IR IARFL (B
ﬁﬂmgi’;ﬁ.’;ﬁﬂ%& NN NN \ NN, SSONNNG
N R
B) . &4 (BT NVIUURINNNY
I TFLEYKE fRE,
FRORRE) o ghsk
TR, X
PR = 2RI
—iEfL, IMUEE
kEHEIBFLEI
1ﬁ?§nTL@QW Shank 7] £
[ EEXIHEI XA AN, . 5
IR, HYIBEE Driver 3/ 7
1R B VEIE B
- ShHIE R EHAIR
. {EMN TARKCFLAET,
ETIER IS
%)« HEKE
nm/1000mm) . #8
2~0.1) FlL.

LA NI
AR HFLAT,
TEERER
KA ER
HA5eTEY
HWEEE, E
63~65, HIF
FIRal.6~3.2
KARIFEIHE
BT H B K A
J35um, $HE
REREESEA
hEREih
AEBid5um,
SLERAY (B PR 17

2 ZM. ERH
3. A GERE

EINIE, fEA
EYIHIA £,
YIHIIEE V)
100m/min, i
0.015~0.03n
$92.5~6.0MF
0.2~0.65L/s.

itesh, T %
ARHFLETIEE
*ﬁ%ﬁiﬁo _ﬁi
RN BRES
IEESE T
1F =5 T RS
HESthFLE
B/, FEE
RZBEFLIR A
AURIEYIHI
R, IKEE



B4 ER S =20 T

LIRS



*FEENN TR

ORI T RIEEHE



7. HHREERA TS

®1{ "j‘l"iiﬂ _—Z" @?ﬁlﬁ%ljl——\.\ /El,

QimIREAN NP EAREESLIET

RIE)
OLES

TZ (Ef#KA

> _\.ﬂ] RIS ERF.

)

(EFRAE B

RN

Elﬂ

VN P b

X B (B R EF AL R A BR A 7)) 8N N FAE A A& A N & B N T, 20124F %519

. 41-42.



*BRREELS

R AREEETE

B4 BREETSMeEARRTS



* B =% T R AR K




3. tAsHNN L

>HEBMI: F3Im. Az

=
n

R0 i E] A2 |

1A TH Y %H L

FRAEEMAN: TRAXRELMNTERENTETL

T

- ERRAOXAMTHRANEENE

h$%%i;r$ﬁ£r&$%mmib%ﬁﬂﬁ;#Eﬁ%ﬁrmﬁmﬂtﬁ?ﬂﬁﬁﬂﬁﬁﬂﬁvﬁiﬁi

H Q-ﬁﬁﬂ



*SEfl: ERIRTHIN TRYERSSR




PRNER: AEEMAHHEFERTHIAS .,
>RE: SBEFEREEM ROXE

] ﬁ?@ﬂﬁlﬁ\%ibﬂlﬁﬁ?ﬁﬂﬁ%fﬁm e
- kR, 2-PHEs 3-EEES MRS 5-REKE, -EHRh 7- A BB IS <R %
B 9-5ER ' ‘ 7 - '




*HhHAHEE ARRI BRI TR




4. EtIHERERE I THEEAR

(1) F., $EEHIENT:
(2) EITITIEAMI:
(3) &WMZEHIMI:
(4) BFAVSPSEFIARBEM L -
(5) HFAIZFERIINL -




*ThiA: HREIN TS SINIHEAR

8 SRR R EH A I ZEAT 4

I,

-

S

&1 I BRI 3 S SR EAT 5 12 W Ab4e EEHIEA

CBN (AzF&LMR) 7bae



*TR . HAHDN TRYZNERERIN THIAR

FERIEAHBUR F e f BN ERER B HISOK,
XMEHARARANLS 2R L.

e

Bl [E20 EEHI =E a0 K /5 T 5



*Fhi A : HRHREENN TAYPISRSIAR

[ B ARG R EN— R AT R
O 1SRy 2-%ET0s 3-TFy 4-3KH 5-KH



=. HSTHHHEINNT

1. Fp3E

 d@emw | uEEE

*
C emew | | pmew
EHI B Bk ET
| |
== = T 101 1T
 — ‘ /
7 iHER
T RTE

LR 4z (A R A PR A 7). 2 40 A A P ARG o S8y AL Bl 4 2 B 0 50 S8 L.
\Vol.32(2010)No.5: 37-41.



| | HEAR” 753
TZHE

—
{ EEHnT J { ey J { E&REMT }
I_I_I
we | [ mmes )

T

A

T
—
Ll

IN%%@
~— | ]

i A ST 4 S
( RIFRHEEF RS )

ELL



2. BEEXK

@ R

@ E XTI

@ iR
0.06/1000;

@ FRFREH AL 3T
® |

1#

o 1 g

TRt R AR E IRa=0.04um, [EE}0.03mm;
3h3MZ% BV Bk B 790.04mm;

Fh R OEITE £40.01/1000, (5B

13h AT E /90.15/1000;

2#

5 S s K RS Z /)0 F0.02mm.

3# 4# 5# 6# T#

A 15
it

(L

4F  4A

L

I

LT
Ighils

L LH R |
%}ﬁ S ;afr.ﬁmrm“n

HBAES  pi pre

Hh%H A5 AMAN7S60MC-C (L&A fhih AR A B))

T5YS



3. IZ23%=

Table 1 M anufacturng sequence ofbuiftup type crankshaft
m ade ofcaststeelcrankthrow

| : ' i

: Casting o Rough : I Forging . Flam e | Table 1 shows a

! design machining | X design cutting : typical

| i i Cast ! Forged manufacturing

: Patt Hot roll tflmw : l l E}ﬁin process for a built-
: attern otrolling | N

| m aking on pin & fillet| . | Steel making Heat ! up LAEE GBS
! : : ! ca : with cast steel

| 1 I E : Ingot making treatm ent : crank-throws.

| : Heat | ] : BRI Ti§ &6
E Molding treatment i : l l : *ﬁ 7]|] ?X‘\’*F\ ,*j&
T Y I Rough | ! ST, EEf
' | Steel m aking Preliminary | ' : machining | | L Bz
' | & pouring final machining | : | THAF., #iE
' { i S l l | iy SN
: . ' —— ! SEMSREER . &
! . : ! Final machining | A

! Riser cutting Cu:g {I':l?llnla::ng | ' Forging for shrink : IT@?EEI% \ BRE
. o fiting | ! RUBI2 2 3 4T
: i v | . I | EREF.

! Final machining | ' el Sl '

' | Annealing for shrink | |

: fiting | | | Shrink Final

: L | : - fitting ™1 machining



4. IS S

[%‘ e =

b
1 ] WK
fiit |
!
m 05 55 @ FAHH
| ! SRER

¥
i =
Bl{| BUbn 2% th 953 [E

[Bl1 BREE [B12 S0

X AR (PIETE T LR ARG R &) KA 2H A = b A 7= R Bt 78 R
) 7+.80-81



Nn\ n
e iR R VI W Wi
&3 ik

4 ’
| g
| o o

7

g

TS

R it 355 1R 72

HIBUA



.

e

H V- iR

-



5. ESRIHMZTHAIIRINT

A SHNNENT. aRN, ReANEENERE (nm)

™~

~Bg o # 5 E &
& % )
& LN A g ‘
N o ~150 >150~250 | >250~350 | >350~500 >500
s, umdD 0,003 0,007 0,0125 0,015 0,02
£ A A4 M 0,0075 0.01 0,015 0.02 0,025

Ab

pof:iEEHE R LE o) R




* M3 TCF AN T L

MAN B&W5S60ME — CHitfIREH

Far 56 il £ B 30

. PR ENHR LR

LY SV wl QYR 30| T HILE

A8 45 N A T L AL

. KSR S R L HAL A \\
. FE4E RV L LA O \\
39lES7 ) 45 A
R R IR I
T —MmEE . AR MR

T R —MEE . R R B2

S [ ERAE S

fE I Ta s ZLEFUR I L& HAUR

H I

wh. K




*HIBIEFLAIFFEINT

S5

Sy

[ fa. 211

[ WHEBIEAZE; BMI: BIMIERIK

=¥ .BEEEE 1 mm, BI&3150.05mm.

HmEHIEFMT

SRem L, JEREE, BRI TE KT FRARIE NG 2 40 A 2l A b 8 2 AR TR A5, EiE
SFAR. 2013 (6) , 6 (2) : 33-37.



*RFEFEIN TRISGHFICUFh

HIHAHFE “WJ1” T8

/,&\
/

\Hﬁfﬂlﬂﬁ%ﬁ

AR
Ve

1453 Py T 44 / e

o /

I
&

\




*BHtRsHEE E DN TRICSGHFCFR

ST RFITAITIR

INTIEES TR R HET) HENR—#XASHT

~w [| 3

HLIR AL A5




*&2JJ7JR

o35t R Eh S S AN AR S I TR I T
= H3H 2y 739 Know-how

B VIEIS 7 (12— 7]

Ja e 2 B0 0 (L A i A PR 2 w0 ). R A o ARG S AL~ 2 5 s Bl i G SR 7. B

WML B 22 H . vol . 16,N0.1/2.2013: 94-99.



6. HIHIIE
&
TER— T R SRR

(2, AiBdmRaess (F#71)

EZ Bk, RYTKX, ARSHEEMF (FiEFH) #ITR

LT ZHIE.




BT E RIS

Q% 9)%

Q]

N~ 0]

M 5l

..
215
j

B =4 W A
"y -~ -y
‘l:g Fer 5
I }_ :
i p=t=—rt

=
C_—1

&l T T
EJ

]
I—
!



*INFRAYTSE

IE YD _E‘eﬁl%—mnmﬁn %ﬁzzur“hn,mﬁﬁﬂl

thinER AR IR I ET 2
(EBARFH AR A E], 2009)

%iﬁgﬁ SKIE (B ARmiaERAT) FEMBREATISRE I HAEEIERARIAR. LiBIEN 2009 54 B (558
80 Bf) : 38-41.



HAREES (BE)

>
>

—

BEFRYI

HEHE),

MENS
&% N3

.%?LEI’\JQIﬂ ]

S — 411
= Am 35 BY 79 — 1~ EH




T b EN BNAA R B R

1-MEEir®, 2-FHE 3-K¥EN 4-MAEhd

3 b 5
L ]
-,
iy ﬂ
( 4A 1L
i
< | 1]

A

HER

- HhEAHaENERRR
1-#dks 2- A BE S fir B 3T7J(5IZO'{

- -
4+ —

i

[ ]]

R AR S 4 A
(kIR A S )



Pk
1. IEHERTIE

2. BRSSO ER B

W<H

13

HAHAEFEEAREE
QAFHAENVHER R
LTI E; () FWRAESD
VIZZRRY B ERAHAIE; (0)&
fHI4H2E 41 B A EE AR B A4

HRLE LT E R E AR Hh

LR 2 S 3 ERVIBE, 4 MEIVIE,

SEIEVHSE; 6—JKkE; 7—F&eFH#; 8—4%04H;

O i5%%; 10—FFIn; 11—%%; 12— ph#ReE; 13—
JIN; 14—3k%e

'

=2
-
(aieT
|| =




*HRE

& mhimREESTEE
QHREEFHI LREE; b)FHIELAHRLREE.
1—Hh#R; 2—FT; 3 thEENIT; 4 EEBA; 5 FiR; 6—FIaERE;
T—aEENER; ST KiEA; o FEHTH; 10—BHF; 11— Bk



HIHEREIRIH (2F)

THEHENTFHINEAFT— TTHENIEFLAIEIE.




7. HSHHMESERNINI-&E S RUBERRE,

EMMIIzﬁﬁW‘f P
E,iﬁMI%— iy, i SIS
F, HEBHAMIRE AN
h—A TR, ix QT ABRGNNRE
L7k BATE NN o
HikdE, E—fiEg SNl
nTH3. i

“EEE L EEE
iHEREINZN

— RIFMI
N ZETIMEM T
TmEJIEML
« J1hEsL Y] HI H 0 tH

MEE—BIKRLE—XERFTEK J
2EMI, BLTEFEIREM = !
 BE]. B 2R AaVIRBIIERE

| A 1EET 4’6%&&%5511%%}1[3’97‘5??

j /ﬂTW
H%I%%&@%W hn Tk
RO A ZFEEIMN T, mAnIAl
FREEET LA RE | T RO REEE i1 T

© FHI, XMEZERTIEIGEN 58
IﬁtT o1, JIREEEYIEI (2 7)) IH\
VB Rig
JIE
k=Y
TE¥E;
SR,
=
7’3—&‘*
e
X5
TR

. =

ﬁfﬁ,%“(LEW%E%ﬁﬁAT)&IW%&LKWE < JHI L R %A1 15 75

REVE B, EiE1ERR 2000 FEE4 8 (B EF

2880 BH) : 38-41.


http://pic.itiexue.net/pics/2010_1_8_28860_10528860.jpg

*HERAE N ESEIE RS

~SEROER o e e
a n ‘%ﬂf&@%ﬁiﬁ | DX i
—‘%J_/ | ifu | [ —L;g_ : O, TREHEk
F¥ I; —J) Y | | {435
T 3 T
| #k A
e Bt e L 2 ) B4k
oAb R ke b Wi
v I =R 5254 %%

HARERAENMNESRIBRSE

FEART VRIS
BER. ERRERKS.
SR SELFRRST .




*HREINE - EH




8. I LISRIER(A

RICHERHR AL



4, HMAYTEIS it

o]Rh . iR R E ML EEINB ? Wi (=
BH) ?

g
/WJJE\'IA:T




1. mEEE. EEHEEERSE

HHER BRERRMENEFRNE.

111111111

B S R A R

1-EEHArE 2-KEUE

SN E AL E

)
\Y




*3£fl: HEEENEEE

2
\|
|
)

F FRINIMENE RN 2 F 55
1L—NEHF; 2—524F; 3—FieiEs; 4 SmE#F; 5—FIRIES; 63,
—A73R



*3£fl: HEEENEEE

\ >
\\\z\/ V
(R
'«-,=‘-!§,‘ > 1 > Z
" G
787
o A
/ _'-

4
L/
- . -
d >4
N, & >
£ N -
. LB
\ '
:

i NEREY S Gy



2. FiERS HthtHh S IE IS

é . v ik

-
=

—_ ==

e

l ‘&
: .II
J-",-".-"'Jf'.-"'.-"r.-"'

T

FiHIS HRTHEZ PR A0 T

S _ (H1+d1/2)+(H1+d2/2)_(

h+d’)2
> 5 +d'/2)

IH: S

TEE(TIZ




3. HhthtHhES EMEnS T ERIE

HATH S BT TR IRER

(a-b)+ (c-d)
O =
2l
R 5 AR S E T R AT .




*SEffl: HBHS EMFITENESE

FooomssR, BIEVAEFEF
fpc R, REH S K




4. HItAtHIEZEE %SNS

._l[_..-.-.-...-——-.- LI -—._-.} .
T4 |
i N e B ,

-1——-r-—|- -IL-—|——1-
L.J ['“'I |_....J _

s

)
~_ 3/

EwEESEHNE 00 wEENEGE



5. Bt A RItEIS

NN

t AXFERBNBEHREA
1-%45s - ¥ RBN - -F4) 5-VER 6-FRKE
Ny 7-1REHERET, S-WAERE 8 9-K%ESs 10-MMART

| _l._.-—-"""*




6. HfHREHIRIATLIS

CDG-4000E g & M IR A #L



7. &858

I
I 7777777777 7,27 T77 7777777777777

/B R AEES T BTN 5 0R



..3 2 3 o : 7 F
> \”{& % ﬁ " -
X / : W 5
.

/ ’:%". \.\ i ‘
AN
;e
Pt ;

fé-

- {R3FE F330min




TSR SHI

4%« DS-QIER-E-0T/07

mmm.fammvmmai &
mmu},?,—(ﬂ‘) LR M i
mm s W VLA mm T
B 2 st mm
el 0.0l
T T (RN
L D02
1O
[REEs 3 0.9%
B —
003
0.02
00
{8
Ba ]
o *:e:im;!‘ 5‘5‘:
0 % o e L T B ik
A 4l i 2 [ s il
£ [ 94} k0 20 Wil |
waw | 0.0% 0,08 A
g LA TATIE
s 1 2 3 4 | 5EsE
| Essio P o o |
* rons|
90" (v o dideil
illi




*SE Bk

EER5 (PEMMAIWRFHRFPO) FEMBPEETEHIZEE. PEMmG, 2013.6: 55-56

R, SKIE (LSMAIMERAT) FERREATIRISH MBS AR, LiBiEhs 2009
FE4H] (B5580HE) @ 38-41.

S8, Rix( LG A IRAE). FAH ST RS B B B 5. S8 H. Vol.32(2010)No.5:
37-41.

KRR, [ANE, XEE, FAEMSHEERSARARLIAWIESEN, 2008 (6) : 198-200.
K3, [EE ALARHRHE T Z IR B R eIFT SN AE20165556HA: 88-89.

1——6}%% ” JE‘Z@E : EIZ?FE*:.XI)J%T SRS ST A A IN TR K EUF._ Eig SR, 2013
(6) , 6 (2) : 33-37.

2 BF, Rk, SR, EFH, tk B(EBAFE LEBHEREFIERSAERSLNRE, LSR8k
~E)) BERIEH PSR BRI E R SR AU TSR Vol.51 No.23, Dec. 2015: 196-204.

JEINRZE, ZRH B (R PR R IR A B)). KRB RS B S TG R AR, BB F b
#z.vol. 16,N0.1/2.2013: 94-99.

“BRAN(Fiamn TERAREIRAR]). A AE S TURAE IR AR B 5.80-81
XL (HEXREF BRI IRAE) BN IV R EIE PRI £ EINT, 20125 551958 41-42.

BB (LIFENAEINIRIDBIRAE]) SfriaRih42CrMoA By aEREZRRIIZES]. (RINTTZ)
2014 58 55843 %5816 HA: 94-95,101.



EEEm (BEIFH)

HREEE ] ASRAIEOMiRE, KA TIREFLED
(EE M EERR = A HRL ?

BRI Y R ZE 00 A0 TR B 2B Rl BL AR MRLE 2

EEEMEMTI S, IEREEMNT FE2LEO0MI. ATLIRE
ﬂ;ﬂﬂﬁt%mﬂ’ﬁjﬁﬁglﬁ SITEMSE.

RASRBERRER, AEEIEFREEMNTLANREEA
ELEME, ETINEZREMI. G, WrREEIMERE
EAL, ERXZERHEEINNE, BERZENIZERT A

Rl ?




EEE—TEREZEN, ROBEMUERBENEXREIRES,
A FH LB — M aE—REEEASEN DX LEERSHERT, L
BT R] LUK 2 R M s e il T B AE ?

SChRAEINEI R E Sk EbE MARERZ, RESCENSLERHER A0 TAY
R ?

R ZEHFLAT, —ARRH AL 3B m A0 /MNEME A E AL E
/E XMEMARNATLUEEMHAREN? jEEHEFLBEML
HWEMEERUA T imEMLEOEA R ASEFERISEFL, XFh
ENFRALUHEEFAEN?

%g%%mﬁiﬁ—%%m%%ﬁ,%Em%%iﬁm:
5 =B HpLL ?




FTREZEHETL SMEIIME . AR =N TR E 7
, FEHIREEMEE.

;
ES

ZEAT AN AT LA 43 9 MR LE in T ES: 2
B RIEEMRIMRI AW LTH?

BRI FRamNTETIFEMERRET AR EMIRN?

ot

RS ML BET B —ACKR R T AT JAHIERY ?

IBITAETMIG, MIEFRKumF/DimfLET, —RKan{a]
IR EE, ﬁﬁammhﬁm, mﬁﬁﬁmﬁimﬁﬁumaa
EHEMAE, FotlRAEMEE




iy

L]

&

~

15 BR7E B 3L i

C AT LA G7 9 MR L fin TR B ?

FEREAT, |

AV ELFAR R TR







