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Abstract

In recent years, wind power industry of China grows fast and has become an
important direction of new energy. Important components of wind power equipment,
such as hub, base with large profile and weight are all ductile iron castings. Due to poor
working conditions and high quality requirements, it is necessary to improve the casting
part of the castings. With the three-dimensional CAD of casting process widely used in
areas of casting, casting process CAD system can help technologist design and optimize
casting process greatly before CAE simulation, and then improve the casting process
with CAE simulation and verification functions in wind energy casting industry. It will
not only reduce production cycle and cost ,but also improve the quality of wind power
castings . UG, with its powerful modeling function and secondary development API, is
the most advanced, widely used 3D software. Based on such background, this paper
conducts research on 3D casting process CAD system for heavy ductile iron of wind
power based on UG.

This paper analyzes the current status and development trend of CAD casting
process. Combined with the characteristics of Chinese wind power industry, Considering
the casting process theory, company requirements and foundry industry standards, the
Heavy Ductile Iron Casting Process CAD of wind power is developed, using the
secondary development API interface UG/Open provided by UG and VC++6.0
development tools.

The Casting Process CAD System is designed with the method of modularization
for different functions. There is systematic introduction on each design theory and
development process of the simple design of process parameters, cold iron design, riser
design, gating system design. The system uses parametric design of cold iron design,
riser, gating, and establishes the corresponding database. The gating is the core of this

system, which includes a common runner design and a dedicated runner design. This
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system uses scientific method to calculate the size of each part of runner, and designs a
practical gating module accord with the facility practice. Lastly, the application of the
whole system is shown through a real casting.

The casting process CAD system has achieved the goal of high efficiency drawing,
roughly covers the main casting process design and provides a convenient casting
system for technology staff. On this basis, farther research can be done on currency
and standards of the system to achieve practical results.

The casting CAD system has the same interfaces as UG itself. The system consists

of all aspects of work piece of casting process design and uses a lot of professional
casting knowledge. Various functions make it achieve the goal of saving the time of

casting process designing and improving the efficiency.
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(53 ARSI O CLZAT A (K N AN N ) 385 R SR S A
= BN G R G S Gt RGPS IR SUSCEAER I H RN, B2 A SR A R
P

TR ZAEEM, FEEH THBEMYES A Z 5, Rl 1§
ug_main.men X RIS LA

4. UG/Open UlStyler

UlStyler™ J& UG #2828 B aCEHE I B T, & AT & G T T
ILED A ] M Bt B, TR AR 2R UG XU OW T HE AL T, DA ST IR & A
UG #AF T B EYERI R g di e, SEI0 T AMTN R S UG (o4eiER:, Rk T
Fr A AL RS 5 UG 20 78 7 58 i F 8 T H IR HE IR AT R 2 J& , UG/Open
UlStyler ¥ H 33 HAHN Y C i FHEMBCM, KT VC FEE AR 1)1 AR
B BB A T i B ) U AIAE G, it mT DASEIRNS I R DI RE, P RE B Al b i fo o 52 PR 1)
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et TAE, e ARG MR R0F . UlStyler S iHAER —Fhi H Jr7%: CallBack.
Menu F1 UserExit, BJ 735 SEIU AR 2 B ik . SR8 AT 8 0
FERAE

2.3 RR{FRRBHEK

2.3.1 R EIFEAR

G, AR YR T 2B, ] e B2 A O AR AT A AR
R, HREIEAVE T 2R, MBEERS. BH, WESE, BN
= HERRANE AL, DR T DU S BOR B T2, wT Lk S e Jy i
TR BRI K I T RRS 77

1. ZE AR IS

SR %) (Parametric Design) & — R H R~FEKEh 1 7 2ok i 4s JLAAT
LY B LT B, S BOR M B AT B, W a5 R I E B0z B R 3K E)
(Dimension Driven) 507, AR BTEX G 45 4 TR ELI G Y )7 i, IAE
i LSRRI AR AT S Aot . sk ) B an & 2-3 Por.

J7 FE SR it
JLFTTEAR
JLFTZIR > SIAFI T KA S
JUT RS
Kl 2-3 ZH0T RS R EE

2 RRGZHAC N5 1A
(1) FETHREAE K 251k
LS UG R IEE R ) — DM EE T H, HEBGFAARZ I BOEI e
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oG REAEXT TR B A T4, WUV 2N B 20O R I, (3B A gt
SLAJCSE N R 2 AN T RS O 2 e B TIR SRS LA I LA 29 ROk
ST S o (LIRS 00 P I 00 T 0 2 A B AT RO A U A R, ANSRR B 7 A T

(2) FF3RIAK (Expression) St

RIEXESHAB ) —ANEZE TR, 7w DA A ik A SCHE B R i
Jof o —ARIEHE—AE KRR, PRk U E — D, RIE U
ERUR e RIE A A, BIRIKAA IR, B ME—, WU
THE %ﬁﬁ%@*wwoﬁgﬂﬁmuﬁkﬁ*,uﬁ%ﬁﬁmm@ﬁﬂ\Z@
M FRIR AR B IEM I R A R . 18k APTRR E i v FIER R IA LRI E UG H I
I ESENRW T e ooy =R

(3) 3T 8 M (Attribute) S 54k

J PE R IN G A AT B X R G B, — AR A O B A T R B B
JEPEABCT EA RS s — A5 B U5 B el H ) 514, b nl DUads—
W s B L2t P iiiE s B8 . IX LS5 BB R — ik R A7 A A SCA T
R T AR ST A SC BRI A T o s XS T BT A vt 22 TR i) 2
HofL st $ B AR AR X

(4) LT HKM (Spreadsheet) Z%(fb

HL ¥ A% (W1, Microsoft Excel 8% Xess) 7E UG St vl H S 5504
FEARGHEN, 5 UG ZIRAR €M 0. (e Sa s sialng, Mot fe 13
BN BRSSP OE — R s R ERIA S, 1K — M 2
Wt Ui, i BLAE T AR AR E AR N AR S K. AR B T Rk
YR85 UG B H IR,

2.3.2 $IEPER R K ODBC (Open Database Connectivity)
KRB 1E T2 CAD RAGQUFE T 2248, BE L. RERRAHFEL

oy, BE A A N I 2 06 B AR HER I, DA, A CAD RGUAE BT IR
XLCEG RS I B Hs R, IR ser bR AR L ZRE S, F P AT LT A R 45 20
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IR AR AERCHE S8, bR TG BRIy, R A eSO R R gt T DS, XA
RHde s 7 L2 N8
KRGMBIGEE R RS (DBMS) KH Microsoft Excel JE:, Ji KA
— 2 TE UG T HE A7 0 E 3E T Excel JE2X, AT DI UG $idls Lige—;
TR TE ST BRI, AT EAR K Excel 2 Zeah n] DLl AL 20 A7 i 1)
RO, RGCRH Excel Wil (134 B 18 RN 2-1,
#*2-1 i B s U

DR HR D | a h Mr
100 100 85 75 38 35 1.89
200 200 145 125 82 52 2.34
300 300 180 140 86 56 2.76

2.3.3 HRAISHUEHBE AR

RUPHIE PRI K T2 CAD R4, S ABSEAARFTIEE, itz
[AIAHXARST, SREA A TS BRAZ I A IS . (HARAT e — A HLIK 3
i, IR b2 Il 3EF 24, O T HARTERI AR (v, B A A8
BRAR I 1) 28 SRR S L 2T o

FEBCVFERERAE T2 CAD RGEHTRA T UG W R @ MERAF i A8, labx)
XTGP Uy ) 384 05 5 e, SEDURE L R] )75 EA% 2. UG/Open AP HH 24L&
PEBE AR R B B A W E N R JE P UF_ATTR assign( )« 5 K0 % J&8 1
UF_ATTR_find_attribute( ). RO % & {6 UF_ATTR read_value( ). X% x4
UF_OBIJ set name( )L} 253k /5] UE_ OBJ cycle by name( )250% 231 ) J& ME £ 1
SRR EN T
logical FindUgObject(tag t ug obj tag, string attr name, int attr_type, tag t *object out )
{ if( ug obj tag==NULL TAG || object out == NULL )

{

ucl601( "Object required is null tag or third param is null", 1 );

return false;
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char name buf[UF ATTR MAX TITLE LEN+I];
sprintf( name_buf, "%s", attr_ name.c_str() );

int is_found = FALSE;

tag t object;

int title type;

object=UF_OBJ cycle all( ug obj tag, NULL TAG);
while( object!= NULL TAG)

{
UF_ATTR find attribute( object, attr_type, name_buf, &title type );
if( title_type == UF_ATTR integer )
{
*object_out = object;
is_found = TRUE;
break;
¥
object =UF_OBJ cycle all(ug obj tag, object);
¥
if( is_found )
return true;
else

return false;

}
234 WNHEEEBMBEAR

HOE M HR MR AN T ARG S AR UABRRGNE], B H]
UF_PART_import( )RR ZCR 0L & FE B ISR AN BT AN TSR L2 &
KEBIATTE T EZER, BT AN R ), RIE R 2 A

TV S

HiEJE% OPENGL IR, X% (B BEATARHe, VAR 4SS i & 2k 1
RS AR B, AR5 RORBIAT o UG HaghAT = 4E AR AR R & — A 4 x 4 [ S30E
M, WTH T &or, wh:
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£ P HEKXKF AR EF LB L

all a'12 a'13
MASHIIRE L T W4 H U FRIBE, o |y ay ay

831 a3 Ag

LB e

ay
DI LA e [a,, a,, a, | W TFRBER; |a, | NEEAH,  [aw] WA
asy |

o BRI E A7 K5 2 A M SRAT H 0 A7 P ) SRR AT B 5 A 1 e, e A1
[N 4 KNP )i AT

2.4 INGE

AR FE A2 B I R KT X BR R A4 1 T2 R G R R BT F (0 S B R R AT
T oM, RS T H A S B A% O R R A, EEE A AR

1. 0P8 T2 I HEA R LA R S AR SS /AT T o0 M Tl x40 L2000
TIRFINESALIIE , —A RGN L 15 LA L .

2. AT UG —IkIF K T H UG/Open %54~ 3 I h6E; 4573/ UG/Open API
(s H 7%

3. WIFTT CAD RGTFRI LB HR, TEASE: FHSENEAREH
R G5 A L. R ODBC & HL S &b ¥t e I UG x4 @t
ARSI R] 1) 2 K et o ) FH R AR $8t Jit 38 S 0T 5 75 A6
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3 REIRBBKEkHHETLZ CAD REF A

3.1 FEIZSHEHR

KRB R ER AT T 2 S B0 0 RS0 0 i e « AU T4 & L
LA SHERIL, AR H ZFE 1T kg, HAmE 3-1 s,

Wit TS
ffise A FE
Sy M JIINNES W24

K 3-1 ¥t T 225
3.1.1 o RmE

Vi3 73 B T A2 FE 5 B2 SO AR ELRE A K R T o 23 B TR — MR A E e A B 1
wHE, RESPEAE 8, XFEnLUE%E T2, AT RIS iR 534
73 BT A& A UEDHTE AR A0 11

AL R BT, TR AL R XU BRER A5 1 12 $emde =R, Bk
AR PEEET RS B R MANFE S R, 3G ANF 173 B TR E R
W), EPESY RN, W R DR ERY, gk 3-1 Fios.
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R 3-1 43 BT g e JE )

75 Wi

: SR B . A A TS A BT T s S P s A 2
DT T HCAE 2y

2 SR TR 56T 1 AT A58 G P

3 JURD YRR (ERLRET, — ORI — 5

4 WA A BT, A2t R P T

5 WAL TR P S T 2Tk

6 AT T AL B N T

EARLZ W, fEE R vk e R B & K208, H R 4343 B 48 9 11
WA LT Ry iR, BT him M R 2y, F CAD 2l b H ik B
—IEMEARMESE, A RGAFLAE T & TR 0 B T, DA v S TR AE A
Ay TR AT b SRR SRR
312 I LRE

iy, PR Oh R SR AT UMD I TR 1 DI BR R AR A MU AR
B IINLBIOIN L ft— A 1 AR UERE o« HUARIN LR S 2E ) T A B
P, ANTR] R B4 1 < JR AN B 36 T Wit se A6 AN RN IR RO 8 ZE R0 AR B A . I LR
i PR AR AR A 25 WU L2 5 8 i PR e R R RS Sk e, IFAEAH B (g RS
Wik, AEERKREAEL . UG AN LR =MK APL RN :
UF_MODL create_face_offset( ), F&JFAbBLiFEQIE 3-2 A,

20



Bk A K E R+ ¥ AR X

L4
BIPZR (€S

00

A
A
B8 I LA EAE

A
RN LR R
AN LR

v

Y
4“&%‘.»»

N
B L4

v

SERA I 4% &

B

K 3-2 I LR EEF o

3.1.3 REFHHSH

S B WR E M i, S, R, AR AT R KgelE
Pt iR e e K s i, XSS RO R A ive 2k B OS5 2 S AL
ANGEE R GRS TE N AT EEATH] . ARG A B, R,
W UG S M F I ARAR T DL SO B PRI e, SRR 2t o] LUKRE
T R E R . ARSI VR N R R L2
HIH] OpenAPI B HRIET Xy Y Z T AR R s tH S AR AR
I Jr PAFGRIE T BRI e B LR R IR B RO R T e M A

3.2 RERBOITIRIR

3.2.1 BB ARGMIE

P AR D BTN 1 oy v K1 L VA R N BCR TDECE I R B, i 2B v
W B OARIERGRC ST, SRS, DRI 1
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PR IS E A EANF ] LAY I A SRR IE S0 BCE AR NI ek, —
R PP G — s AR R T LR AN R o A A BRI B 28 O H R 1)
Ry, AEHIN BB A A ], Ak BT RO R E R A . TR
RSSO D7 A SR IF IS, B LA S8R, RESE B E I LI
PERE. BRSBTS B AN RE AR, P LURADAERI v Bk, (B2 2004E A A4
ANRE I BRAFFLIOBEAL BB ANA KDY
AR A
1) SEeERGANE 1 H A 12 R AT e 5
2) EH P T AN AL B LR AL Giha
3) Bl B JE AT A e SR AL AL A AR L
4) BT LR R R AT
5) TR F (Ve 5, AR EN S (1 g s R

3.2.2 BHAMEERE

TEA T -V MR k. B ARG 855, S B R
P RBONE], B BRI AR IO, W DU 2 i, AT LU K%
BT, T EHLHIAE T AR BRI SRR, WA, (R A
BRAK, 552 40 Y, R I 25 gy RV A S ks A5 v BRI AL 3 TR, e
TEF SR, (FURMAS T, MRS, A BARRAGILER, WA, SRR
HOR, A A SRV Bk n] DUBLI IO AR R IR ERAF IO 4 L ARAA ), JFReAT UM i e 4
JEV AR E L AL BRI . A RGBIIUR S LL_EAT RS SO T s
PREegu e £8 1 A7 SRV PRI 2k P R AR
3.2.3 SRR BT

R ZR LK OpenAPL Fll MFC RGeS, T AR £ 2 Dy it
TORVE T L) SEBR e, Sk B gop it G A S5 SR 20, e
YA AR B LA BRIER A (AN T KARTEAE), R TRAR A R THIE X R
JUR S, I LA SIS T LUE .
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3.3 B OitiEsR

3.3.1 BHARL#IE

B AP SRIEE AL NN BB A R RA AN A S i i, Rk
HIKBI 484l ditnr=/Az. BeAMEA A RERNGI S AMPERN . B 0 ARG8T
MEENEA: 1. BEACERME: 2. BHRRWE: 3. BHRSHE.
FCrb A 1A 2 HGRARE S B AL B 1, Rl B AL B ALt H A 1
HEmiZ 0 ARRGANRRMNTENL, 1A 3 2 it EREA B, B =R,
AE ARG EHT N A2 E H IR

BRERA e [ 47 e IR S VR AR Bt [ DR P AT A SR T AEBEAT AR IR, A — €
EAMIERE ST, D4t A fLA B YERS PRI AE /I e B N H T B0 B I P AN AT
RE BB, Henfe rp REOR S e [ B S 06 0T & i) HZCAD #ef,  (HG2 4
TRIYBRERAT AN BE T 5 PRI ANTR], DRI AR BT 3 WK KU R BR
BRAFE DB RS

3.3.2 EA®iHER

SEME R DR, ARG o MR CZ R iy, dib
EESFEE . SR BOREPT 2N IE B 1 RS 5k, AEE R ARYEE
PR A ORI R S, AR RO . O BEGE ;. @FEHIIE )
% @AW LEE.

1. B OB

P e ] N T R PR RR(V) S AL R TR (A EUAEL, XA TRERR “ it
[, RRREE (M), B M=V/A. SefFIREE B D RS TR R,
AR TR N A (bR s, — RSO0 T, B AR € K LU A K
THEATFRIAE,  DLORIE E T T 55 R .

A G R, FEVH AR LU N, R 2R ) Ly vt 2= 48
PRBEAT 23 F0 ) LART T AR ] 00 o S S A4, 0 3 T B30 Jml S S A PRI R R A 72 1 AR
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B, IXA R S AR PR S Y R SR T LI I A G- 1) VSRR L 1 JR i A
R AL
Vv

M=— 3-1
Y (-1)

:/H\:I:Fly M _)%iﬂzlg*%iﬁ (mm) ’

V — RS Cmm®)
S —RFBSEARR I (mm?®)

S'—IRfEHREIHI (mm®)
K AT SR ek verk I E B AN 1A B AN B s, BRIHORR
S T H DA fEH] o
B HBEL M, n] DB v S R AN A7 1) R R M, ARG 3 3-2 55
1 PR M.
R 3-2 H DB Mr 55 R iR Ms 1996 R

M,/mm
M,<10 10<M <25 M>25
VERe
b M, =0.6M,+1.524 M, =0.343M, +4.24 M, =0.51M,
i M, =0.8M,+1.524 M, =0.335M,+0.35 M, =0.59M,
7=

M,=M,+1524 M, =0327M,+838 M, =0.66M,

2. B OB
(1) HEEE AL @HT M <0. 48cm [ EREE:,
B OB M 1A R

t, —1150
M, =M, ————— (3-2)
t, 1150+~
C

AP M, HOSE (mm)
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M, —— B OB L RS E DR g A T IR AL

p —— BRI, 44 (Tg/em3)

c —— BRRHAE (0.835)/(g.°C)

L —— PRI (BRGS g 209)/g)

t, —— BLOIREE (°C) , BRI SRR BRI AR

(2) ¥R E Aotk &HT 0.48cm< M, <2. 5cm,
KHVEE D8, B DS sEuk  e
M, =0.67M, (3-3)

RLE B SR AT D IEDE BT s o

M EBAFER Y, e 4 A B8O B RS SO SR, BIERR
FHIZPEEE DA DS RS I, el e SRR i S AR BT ECs & A E D
WS

3. HAfuerlseal

PREAMG T ST 1) JR) RS ) i sl A e SR A1 1R 0 JRi s S A, AR R Gk
27 [ By S BL, EDEaE — e T, 15 B SRR A BUABIR IR, R
Je iR A T E P B R R . ARG T =R IEATAR A Ky
TR St JE AN [ AT TE AT ] ) B 7 SOBAR BIAREUAA . 73 2] Ja) 55 5K
k5, F ] UG/Open API & % UF MODL ask mass props_3d( )% il 2 %¢
mass_props[47]15 2 R AR AR vV FIZRTIAL S,y AR A S A AR H 1
S AT BN R A Mo 73 20F5 0 R AR My i, ARPEIL S B IR M, (%)
MR ZR, MImAfhE S H5E H S

3.3.3 BEA&t
3.3.3.1 B O¥iHReE

BRI Bt Ut 1. SRR B DI SRV V)R AL,
WA AT E DAL 20 PR ORA Calikid); 3. MREE DREE
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B OHdEE, R AL MOV EIERE B CEon B OB RS 44 0
WHO, I ENR . BAE ORGURWADIEARIRTT: B /o 5
AE ORI, B ORGP BRI 3-5 Fis.

B AR AR
) 4
N
T AR AT A2
N Y —_
= 24 90 < =il A
R ’ e
TR 7 51 Lo H N SH B 12 K
A Ry R S AR
\ 4
IR A T Ty
1I5351 B RS
TSR B g

K 3-5 '8 0 RG R 5 i i fe
3.3.3.2 B OXB KSEW T

I R ERBR A B O S E DS vh = e, e M A vE E DB
Ao MFARGME, HE B ASHCRET) KW L2808, Rk
WLORI R D24k, Rail TWMFEHIED: FRE D UR2E ) KIE
FCORIE D, RGAIXMRNE DS T BB R ER—FE, X T — 2R
ell, B O AR, AFEBERE DMOOR RSz, R % 2
HACBUT BCE FIARHEST o ASBEHRAR I KU ) P 0 AR UE SR E B 1 A E H SR
e, F P n] DR SEBRs DUE S8 D S50 L E b

FEBCUEH DR RN, R0 E HEEL RS SEEE R MERIR AT S excel &
b, REORHTE DI, #eok B D28 g Y, S EIREhE 1R .
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3.4 FIERGIRITRR

341 WERGRITTE

POt RGP AR AN E DM TP M —RAEE. BERERE
RO GREARD. HRE, MEsE. WEESATH M. beik Rl &AM
HA5 IS T2 CAD RV E B0

EREB DA PG A BBk SR TR, RS
Sk, R, HLPeVE R AR S, BERERS KU E M IE YR HR A B
P AP ISR o DR, KSR HBRER AR K5 i R e B TH 2 25085 2 LA T i«

* 3-3 Pe ARG vt )

Fr Js ) H
1 EARS AR G o SN 2 S0 R 57 AN £ e (O a1 BT 9 S i AN e S R
PR 2 R i B
2 ABMREPRWRSA T RAGE QR ERE  SE s
J&R] A
3 (EDIEMIN ] TE A WERTEIHD . YRR A0 AR I
T TR N L 0 A AR TR BE A DD B N T BB AR
T OB
5 HAH®E., milhe R AR

B N L N Ik D B BT AE S AT B

BEAh, SRERG W INIE T L3 G AP I AR /. BORFAE . W& am)
Rtk At DL RARI A - SRR R 3, VBN, Prisevh (et R AR
AEFIAIF, GEERRPTAERICL EBA—FE, WHRIEAH AGeE R G0 Ao
A RO SRt 2 . ARG EEK BT AR L RE B H MG, A
DB R, A2 G PR (R T ARAN RS 35 B B2

K 3-6 Wor TARRGGEE RGBT KRB
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BRI > WERGRLE
A
A e e s i N . Y
TGRS EPERIE | 54 @
N
A
R PR Y 28] Sk
T ) DA TR
7 1 AR T R
A
oo/ NS AR I EREN A IS LN
TEREA I b e o
A3 19 A S
52 HC A 2 TE AR A AERENE

RGBSR

K 3-6 LevE ARGt fe

342 BERGSHIE

HT 1 ORI XU BRER A 5 7 28 Gt B R LMD 2 BL KA B A2 ™ b s &6 R T
HAMREFBOR ), BUA R 58 T A0 AL ot S5 RGeS T R . R iR
B S RIE RGN LR (/DD X ITRERIE R G Rk
(R, BHIAAKIR AZ P DEE A 128 AL B AR5 2 IR0 56 LU 5 2 e FLAth
FAIT A o
3.4.2.1 FHITTEEMLL

I L) Ay A2 2% DL 25 LA -
(1) —MRERERAT R H 3 P et R 4
YAu: XAk TAs =1:(12~13) :(1.4~1.9)
(2) JEBERRERAT R et R 4¢
SAulTAgl LA =(154): (2~4) 1
8t (1.2~2.0) : (1.2~2.0) :1
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(3) TEE/NRIBRERAT 2K F -3 P 0 R 4
SAniITApI YAy =08:(12~15) :1
FH T XU R B4 1 i 1 Je T LR OK . BEJRLOR L RO, DRI eIk
ECETBGEGRIE R G2 G B IL £ o I EL i 2 2 )5, SRt SRR T AR

3.4.2.2 BB EHE

MRAEAS T 2R Gk £ RS R B R o SR e, Rk bE e vk

Ay =G/ (ptp+2ghs ) (3-4)

K Ay Pk R G I MR A (em®)

GL —— WM& A BN EER S FEi(ke) , MIFRERATE

P —— &JEWHE (kg/em™)

poo—— MEBFERE, —8h 0.3~0.7

t —— LEIERTEI(s)

g —— EIINHESE(g= 981cm/s”)

hy U EF 1k (em)

HARITULEH, EaCF 0 Go. t Hy S5 TR v e 25 BRI 1K,
AT AER A IR S HOK oy S . IR ARRE R p MM AR S8, A
THEAE RABA AR R, i LUK 2 S50 (1 5 VE BOR 2B = 2 50 ke i e, T
H—RECR 0.3~0.7,

1. PR = G

Gi=p.Vg/w (3-5)
A o EFIR % (kg/em™)
g —— FIINISE(g= 981cm/s”)
\Y AR (em?)
w —— LZHm%E

B ARR AT i API B %0 UF_MODL ask mass props 3d () 3k75, LZHM
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FORPRF I E R S AP E R E R, T2 R DL efie .

2. GEIERTH t

FEIHEE e 2R G0 I s Jr 75 (Y B TRDFR Ay i B[R] o S o8 3 Ak ] ) PN 32
VLt M BRI IE. DRSS . — ORI R . KR
BRAJ AR I I 18] R0 2 P K Bk e I TR T S 5 V0 s ARG kD> 1/2~1/3, JKH%
BRGETE N A v 5540 R

(D) XFFERE/NT 10000kg LA R KAVEELE, PeiEm a4 LU R A S5

t=Si1Gr (3-6)
At —— BerEm(s)
GL TN & e s e (kg) » BER. BEORGHEE
S — SR S =2

(2) XFFEREAT 10t ARG, SN Ew A 3-7) i

t =S$/GL (3-7)
A G TP 4 SR VL o (k)
S R, HHMEERAR, WK 3-4
34 ZHL S, SRR G R
BT BE JF /mm <10 10 ~ 20 20 ~ 40 40 ~ 80
RES, 1.1 1.4 1.7 1.9

3. P ER RSk B H,

R R

i
pmnsd
R

Ho

Bl 3-7 P8 s g Sk S 28 b 48 W PR S o 0 S
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P2 I Sk i P R M (KD A B 5 D AT, A sl (3-8) HERf
TR, SR R W 3-7 Bos

P2
Hp = HO—E (3-8)

A H, — PSRRIk, BACER, LU

H, —— PO A A 4 I v e

P —— BHRAH DA L s e
C —— HHEREAE S
T IRER: P=C, #&
p
Hp:HO—E (3-9)
SR P=C2,
P
Hp=H0—Z (3-10)
ST TER: P=0,
H, =H, (3-11)

3.4.3 BEE®RIT
TESEBR N b, 0T R ERAT R T S R T heid R sl , KOs 2k
7R HLGOE IR A R AR K E BRI, AR R 3-5 P . AEREBEIE B
HPIE W T A4 iEm, WEss R 4.
3.5 T4 PIVS R A B
S Tk
H¥  $120. $100. &80, &70. 60, 50, 40, $30

H T REE R S pr e g s, ARG VO T IRIERT (FEAENEREIE).,
Brh 2 (SR N EHpsE AR, Wkl 3-10, HiggusiE, Wkl 3-9, =R pe
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BRI 98 ) AR G 1] 3-8 6

W
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