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ABSTRACT

ABSTRACT

The gear pump is a volume type liquid delivery pump to apply in the most
widespread situation. It has many merits such as the size slightly, the weight light,
the manufacture easy, the work reliable, the price inexpensive, to the fat liquor
insensitive, self-absorption ability strong, maintenance convenience and so on .But
its output pulsation is obvious, the trapping oil is serious, the displacement is small.
which have limited its application situation. In order to expand its application scope,
this thesis proposed one kind of new structure gear pump based on the gear meshing
theory. The changed trapping oil is reduced obvious.

The structure of normal gear pump has changed in the new gear pump, by
assembling two different module gear, so0 as to separate function of change of the
working capacity from function of the movement and power transmission. After
separating, the output capacity is increased by more two times than that of normal
straight gear pump on the same condition of volume.

During the design of new product, the flow property of gear pump is studied in
detail. The formula of calculating instantaneous delivery and flow pulsation is
deduced ,the question of trapping oil is studied deeply and the formula of calculating
change of volume of gear pump’s trap oil. The mathematical model of the gear
pump’s optimum design is built. The form of gear tooth is designed accurately by the
parameter modeling function of ANSYS software, and the parameter meshing
simulating model is built, which is useful for the design of serial gear and the
standardization design of similar part. The structure and the stress of the gear pump
are analysed by Finite Element Method, and based on the optimum design function
of ANSYS software and completed the aim function with the minimum displacement
per volume, the optimum design of pump structure is realized, which makes the
volume of the gear pump body smaller and the structure more reasonable and
effective and solves the problem of traditional design with experience. Studied on
the clearance between the new model gear pumps and the leakage, the dual element

flowing leakage model of the clearance at the radial and axial direction is built and



ABSTRACT

the calculating formula of optimum clearance is deduced.

In order to make it convenient for comparing performance with existing gear
pump, this paper uses CBG3200 gear pump produced by Liansheng hydraulic
Industrial Co.Ltd. to compare with. The result of optimum design indicates that the
displacement per unit volume of new gear pump decreases by 58% and the changed
volume of trap oil decreases by 29%.The large displacement gear pump studied in
the paper has good market, and it is very useful for reference when calculating the

strength and optimizing the structure in the similar part.

Keywords: Large displacement gear pump; Trapping oil, Parameter model; Finite

element analysis; Optimum design
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MEBESRANER, SRERGTHR ZEMNH. AAMERENHE
MERRHTARBENER, ANTHNBRE T RER 80 4E™ AR &
B, #ENRITFECEURRRRENTHRR. ARENRROOE, BR
BHMRIEESE, BERRWURENMEEOHR. RANEMES. B,
ERTERRHLANGROSIGETRAER, ATRESRROMEEE. HE
EROBRTAY. A BN G RESAERBIFNHRLN, HET —1%2H
FRAGTHFEEE, NHFEERROELSRETRA R,

3.1 BT EERRE

RUBITRNA20HL 60 FREBERN, REHBERALEREHENERSE
ENATRASENBARRITTE. BETENERMER, RERITETER
HHEMERBHTI EONA. RERITEAZRITHE, FEHSIRAAR
HHEEEHRASEBINERNTRABRTRAE, HERI IR TREENR
BEBHRIAFTE. AERITRBEEHERTARNEBR AR LR AT, B
RBBREENHE.

KA HEFEMEN R R TIRAENRFERR, KRB N:

min £(X)
sth{(X)=0(v=L2,-,p) 3.1
£.(X)<0(u=L12,--,m)

RUBHHEEEEAERIZE. BFREFARITAR=ZAEXEE:
1) HiHrRE

RAZBERERTEBTHTEENRE VAR EN B TR LY. &
BEBRAEPENREZE, EXLXE—HHEUE, RIMNRZURATLHEE,
BB ZTENEESERBENBYEEYNXR. BR-— 4o TR EE
X, %, %, X, H—ERHRFHEFIAR P RA, B HAERERAPERER—
AofHBXH oM EFHOSE, BEEREBREANN:
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IR I RETEN TSR

Y

X-= x’ =[x, %y, %, T (.2)

xﬂ

2) HiFR K
EREBH D, BRERKNEHERARTEZEENRREEARELRRAH
BERRH. ERRITPHHERAINER, RRIERIBENBEELR:
J(X)= f(x,%,,,x%,) (3.3)
ERREARHZRENGFREAN, RURTNIERRRE R ZEMH
FEREZHERE, ARUEFRENEMERKENTE. RAETLL
F—AEGRY, BTUEEMEREE. EREEAE, BINEARERT,
BRENREFEEN. X T5EFBH, o7 US55 5) 1 2%

S(X) = fi(x, %500, %,)
LX) = f(%, %, %,)

------------------------------

S (X)=f(x,%,0,%,)
ENLTBRAERGEE R, BUY-4Ga0LEREREER, B:

FX)=30,-£,(0) (3.5)
=

AF: o ——FjHEFHINNAEF, WREFREEHALAKFEREL—TE
HHBEREH, ARBHBHEFERCBE TR ENEEREMERNE KR
BREOERY.

g—RUARITTERNEFKE.
3) RitAAR '

ERLZEFEIREETRITREOREEERH R MR HHEL—E
&M, XAMRTREREORBEE, BRAIRITAK. ARFHFTUHLEE
EARAFARER.

FEAAKREN BRI REBENTHEAR, K—KREKAN:
h(X)=0(v=12,-,p) (3.6)

(3.4)

18



E=F SRFOML IR

MERKBR A PFAEIARENEE, E—BREXKN:
2, (X)<s0(u=12,-,m) (3.7
BUHFYHHURRAEBRATEFEEN—F, BUAEEHMBFEY
RUNBREXEE, AEFTEHMNFHERENEBRTRILSREELSH
AR R BRFEER.

3.2 ERFEXSHHMILER
3.2.1 BNREY

ERENGBAPMEIERRTERNBRERD, GROERAKR, BRE
MaeREHEMAR, BETUHRAHENERERBMEAREBER. &
5 BB T LR 5

V==BR! (3.8)
REF_ENAERESN. AUHFENERN:
R

* . . » (39)
2fmz, +h, (M —m)—c m][h (M +m)+c m]

H(X)=

3.22 TR

LBNAEh fiaMER BRESS, BE—EWEHp WHER q T, HHEN
BREXKEBRE M. MEEEm. KEEREH . PUBRER . KEEW

BRBAERAX. XAXz =3, WikHEEY:
x=[x,%,,%,x,1 =[M,mz,hT

3.2.3 k&K@
a: ﬁlﬁ‘g‘]ﬁ
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PRIV KET $HEEArR

g(x)=m/m-1<0
g:(xy=m/m_, -1<0
&(*)=2,,/5-1<0
g8.(X=z/z_ -1<0
£,0) = b /8, ~150
8(¥)=0./¢,p, -150
g8,(x)=¢,./e-1<0
g(x)=¢elg,, —1<0
g(@)=h__ 1K -1<0
oM =Hh /B -1<0
ik R =
mz,
b: BREELAR
g(x)=0,/0,-1<0
g.(x)=0y/0,-1<0
Hp: o, —HHHEREHNN
op—— R HRE # 5
0 —— /N 8 A ) B AR
O MY 7
c: KMAEBAR
EAhKE. RIS HERTFEPER LN, MHEFR PN ELRRLERE
Erhee, URAREFESN NG (BIMKXBRED 2 M) REREFE. B,
AKPMEGRAHRABTE, Hz=3;,. BHARBERFIWTF:
8500 =2x4+4x15-2,50 CHEGRER N BRAN, A2 PKELH)
() =2x3+6x15-2,50 (MEBERHSHAM, B3 AL EH)
g.(®)=M/m=3
d: T Bk LR
AARKNEHNcEEFTIRELR, EW, ATHLEHE, RLARELE
KA1 TH B L E .
815(x)=8,/8,5,~1<0
e: HEAR

20



B=F GRENRLTTRERE

8is(¥)= g =27BImz, + K,(M ~m)~c"m][H;(M +m)+c'm}
3.3 AWM/

FEMATRAERHANEFRE, FBLTAHBERERLR A NHFH
.
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I HRI RS T FMAFAR

EME ANSYS RN AR HE MR Thee

4.1 FHHUEBI 4T (CAE) FABRITE (FEM)
4.1.1 it BHHBh S (CAE) R f

EEARNBBRENTEHERNTE—BERAREIE, BRI ¥R LE
FRENAXARET. BTEBREHEMLELE, EMAEEERE. A THRIER
ENRLTRET, BHNMKRERENFE, GRESGHURIT X, BREHE,
FHESEREMERNRE. AR=HEPEER. RE. REE. Bk,
KREASHFHARRE, BEANHESITHFEEEXREHRLEER. 20 F£X, fFHEE
HEWERNER, BETHENHEBTESH CAE (Computer Aided
Engineering) X—HXN¥8. XA CAEHR, FEETEANIES TN EE
BAEBREMAL, HEHHR. FER. EANIESHEE: ¥EE. AR, &
BEENHELIN: NEROEHRE, 3. B#SFEFTOEEIN,: XN
1. BRERNEH ST,

41.2 ERATZHELXEHR

FRAENEABERNELEN KB EEHE Y~ AFRAS, AE—EFA
HERGE—BRETHAEE. BTEXREFAANBETARTHES, B8
TAGXAUERRRR, EHETEHALAERERMKBER. EHFRT
CREBEUTELSR:

PENERL BERCRTRIEMER, XRERESFHNERER, &
BEEMBRLTER. X8, HH. XAUREFFTR, BRITHYHEEHD
BERMPRRARMES . ERXEREELTFENLR LOXETAEEY
RAREESE, REVKNUBRRZABNEARAS Y.

RERERRFEHRL EF 0%, BXELHA, BRENBRRAMN
BREERE, XEERNSHRA &0, ZEHRREFHELTE, cETXRE
HESEEBN, BUMES “ARET” NWAUBE— R E XL TFH



HIUR ANSYS RANHBR IR R ThRE

HBRE.

BEBRTHER - BESTHRRRN L TN EHRETHR. BETR
ARBE, TURFERAELAFENDETERBEATHNENE S . — &
FETHRIEERERBRETHMER, RELTHTANSHBHXER.

SRR R A Rtk B R R O R LR R o © 40 o U B E B
B TS RN A B B B R R A R 0 5 9 PO PR R R 4 ) A B
B, NTEIRENMEHCHE: BVARH: BEMIGRAE—B T RMY
Fx%o

RARAHEASBHE SINBRLR &4, RHTBRAVTALB. — &
BUTBAGEREEKX, WRRL+A LA, UETRT LA TR
BHBRARE—ENHERFETERUEADE. RE, RELFAEETLE
KB
TENEFRTOFTREEDE 4-1 Fixw.
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I RINRE TR

®BCAn

Rz
BALER

[E% B4 %] |
., el Wi : -

.........................

LS LT L

SFR4R

B4-1 FRESHFTREE

Fig.4-1 Finite element analysis flow chart

4.1.3 BRARTISHRHE

RETEAEHEX, WEEHEER, B, BN KE—RYbTELE
BRASTRKBERFIRGER, HEFFZAERFIRBAANKAED, BN
REAFEWESNHEBINHFTETERERGFNER,

RAEBRHEEDRE BRI RTRAE R EIRGNKE R uERHEH,
BESECHHRA/METIR. BMERS TR, ERLAERBIENER
ErREMmTieE. B, WAERELENTHREXH: REHEARTERK
BREXH: ERRBBTRINAARE LS EEHEREHRENGS,
mELEIXHSE.



HIE ANSYS KU ERIRI RISk

KBBNIENRE-MNETRAEEBRNEAFBELBMTHENSF, &
EHERIL. TEAKFHENEN. RERAHESS., Hik, cRARTH
BRHTE. TEHFERRESHTFERNGER.

FRENTIENRE - AEXRBEINENER, SEFAIRMRBERNE
AURERAME RIS HERERSHEANEEIH CEUEKE. 3hE.
Bk, ERAXBEAIWERRKBEIVNENERS.

BHEBEOMEENGER ESTH I E K CAD/CAE KA RAMEFILH, X
B 5 KB CAD/CAE $K4F MM 9 BUIE S s hie, MR LM BET LLdE =7 CAD/CAE
BAERRE, UHMETRELS OIS,

4.1.4 ANSYS ik

ANSYS 2 & i John Swanson {§+ RI3ZF 1970 4, ANSYS AR TEF £ &%
ASEEER, SRE—/NER 1509001 BEIAEMSHRITEKE. BT
ANSYS k- R E EBIMm A, RE. FENKE BRI AEEHRTRIER
BiAE. ANSYSHUMTENGEEER VA, SMait. FLEMF. Bl
SH. HEREHEIT. B, ERSF. GHRLE.

ANSYS REET=FOIBBEG I -SRBE . HEERTEARAL
REHdERU Rt READURNEY. ANSYS EFERRBE T SENM/REH,
wimsm. HK. HE. 28 BHERNER. FUBERETHERN, M&, T,
BEHREEREHROH YT RN BE T/ER. ANSYS BFERM T L.
M, WS, B3, BILSMhEE, TURKEOBRENME,

EEECCADRETRYEINTUEERAT ANSYS Rt fT 4 #r. EFWTF
RE:—RTFACHCADBE, BLESTH, —ETHARBNITREEH.
HE, NCAD REATHANEL, MRFETRENSUVUTEXRENEH#IE,

EEAXTPENFEZYSHAGREE UBITRAR:, FUREXAER
BEFE.

4.1.5 ANSYSBHOWHTE
1. BESHOAHFE (&, @, 4): H2E, £, 6%, SERHLETHNHE
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IR RFTFFEZRR

KETLHKER: NHEEEHALTENEA;

2. REAVMHAEBEETRY, THES, FUREXRENEERT, X
FREEGHTHEE;

3. AEMHER,;

A, RAZHTEEIHEY ., £ TAREBENEINEEZENUEITKEW,
C RHEREFEBEATAENKEREER, AN THREHERELE, IR
ZRENREERANAGEERRE,;

5. BHH. LEBESHRMEENY, EREFATYTURNIEENHA;

6. BEAMAMK: BHNEEBENE, RESEONEERS, RHEE
Pk ,

7. BARTARELE, RETERAENERET. BEHENBERART
BE;

8. WMhMARE,;

9. k. EERESERN KBEIN;

10, BAEAEREARBUHELERS

1. ¥ HER.

4.1.6 ANSYS SR E&EThaE

ANSYS UM EEYRERE - BUEE, £0a0Hh. &SI, BHS
. alRas. g, FEXBRYENNLMER, SHs R aTE
B, BEUNAME, FREHMARIER. By LAENFEMETRARKR
FEMEE. ANSYS RHERET 160 EHET, FHUNNARKFHEXES S
e RETEENRER S E, BEFTESSHAPRIFFERNRE,
BIERZAGAERARK. SHINRE BHEIIT. BEI. BEIN. B
AW WM. EAESMNE. HTFTRENE>R, P EHLHEREX,
FENHETRHETT.

ANSYS RETXERXANGBFAREERS T E. SHHFEEFRR
AAAXERBTERITON, GRASH, ERCAELARTEREYS, ME
FHRENSHELBERSN, E—REEFFHOHRELRK, BHIERX, ¥#*
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EIME ANSYS WA EHEHARL I THAE

H—BRHBEVHURE, BREXTSHE. LANSYSKHFRIAAPLAE S
AT HXH, BT PRAENSEHETSEL, Ut R ERBT S,
LEREFEFREHRHN, RERALEN. AEBNSHME, AURTEHRE
B, o fmesit. FE ANSYS NEHAM T ARBET ®iHAY.

4.2 ANSYS UL BT ES SR

EeMEM—4TIE, ANBREE-UTRNTEFER - REHT
£, BREBRAAE, TRAALEARE—HIEBERAR I FTEAER.
EFETEHLZ 60 FR, BNAEABFAYURANBFHAIHE N,
BE—BRITE—CRAERIYALEGTIR I EREFEFREORA T
£, CEEANRAHTEFETRE.

RUAFTROEATERR TR, WRT. R, XEME, #ERE,
BEAE. LS, THFETUSHMARBERETAH TR R .

RATRAR G EABRLFRB AR ERER I CL R, B &R
FEY, RAERBEHEHEENKNE, 2EXAEINRETEYERKESR, &
ST EN, RERAE.

mEHELEENRTEEREARERY, XERUBTEERRRIOXER
B, BREXMABLAEXRFBLEERTER, RERUEBESRION,
URABHREINEREM A, WEREEFBR. RAZE. ARXENER
BERLUBEHH=AREER.
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PRI RET R ¥R

FEHAR, REPHAE
RURR, 3. WA
1

hztﬁmlml. wpe=]

)
RN, TR
s i

'
[ VRh |

Lz y
-r;
N
[ NN+l ]

i
BHERITEA, Rt kil
ftRREAN

B 4-2 HLHRE
Fig.4-2 Optimum flow

4. 2.1 @it BEXE 2

7E ANSYS 5fF 0, LR 86 % i 8 3k R 8 ANSYS 3 B39 7 i 47 R4 | v,
ANSYS £ 4t T 7 #0484k 75 ¥ 60 BB 5 ¥ (zero-order method)Ft — B i i (first
order method) , B4 HAEXE KM RLTE. HPBRHFEE—-TRE#H
MBEHE, TURANBLEXEENGIEANES; M AEETERBEN &
HEENEBER, BHENZATHRBORLIH.
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FUE ANSYS SAMB R Bt Thee

NTFEMAFEM Tk, ANSYSBREST R —FH—BE
BEHEE, X TFHHBABRATHT, HOTERRRHERBTIHG, REE
ERM, MEBRFETE, HEMAHRITEXSBIHEL N IE.

ANSYS IRABRTFRAENELA ST BRI ZE. RELZE. BRE
¥. sEMAEBEHRE. SHXH. BR, BF. BHFA%.

1) it Z B “Design Variables (DVs) “: HEZE, AR KE. EE. H
BRILMERESZE, A M2, RALERNNEBREEL HERITER
MBERLTRAY. SIMUZESFLTRILAAR, EEXTRHEENR
L E. ANSYSIRULBHBRAATEX 60 MEHER, HFAAEXRAZERN
MRERTRAAERNER, FHERAR TS, ELERAXRELAHEE.

2) R A % & "State Variables (SVs)": RANR W HE, W H. BE. Rk
. %, B, Rk, HENEEZ, ENEEEZE, HLERITZENEIE.
AUFELETR, BURRERFTEHMHBES. ANSYSRAFHFESTEX 1004
REZE. EANSYSKED, RERBERUERARSFH, WoTCUA &M
BHARABREEIDEERN N ZNEELAA TR HMARBERERR.

PERA X #

[

BDULRRE

BATRUHN t{ File. LOOP ’
AL & ]

{ RHEXE
" %{ File.0PO ’

TRRENE BARANE

Yy

File. OPT

B 4-3 RUEKER DK EE
Fig.4-3 Schematic plan of the optimized data flowing
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R RETEHEEAE T

3) B4R “Objective Function: EFI FREREBROMBME. ©HHLE
HRBENEY, HALESHRRA R ENRELI T E AR SRE. &
ANSYS %#%, HPRBEN -1 ERFRY, KALANE. ATERAIE
PRAHAAOERBRE, TUH - TMESRKNEEMIEHFRRE.

4) 5 B KB “feasible design”: — M S BN R REHREFEFAEAREH
M, MREPEIMAREGFERLE, URHTRAIRTIGEN. TR
WEEREHEERANARAGXEBSHBEIMEGRERHRT.

)Rt A5 “designset" REHE— M RCHEENSHNES, — Kk,
RUFFARMEATENBERFEN, FENEESE(ERARERULETER
BHOBRT —AMRITFH.

6) 2+ 87 X “analysis file”: £ — 4 ANSYS @O, SE—I2BHL
B @R, RE. FLAB), B4R SHRANER, HASHEEX
EAFBEHRITEZR. REZBANEREH, HFARXIMXHLEHERRILER
X (Jobname. LOOP ), HEMRMTHEPEHRLE.

TYRALEA “ optimization iteration” : B 7= 4 5 69 1% ¥ FE ¥ ) — 2R 28 £ I 4h 47
@#H, —BRR, ~KERERAT—RKERF, BT FHE, —KERERT
ZRBH.

BYRH “loop”: BIE— M AHAH (BT UBBRART—RIFXH), &
— KO8 2 6 %0t 77 fE FESC#F “Jobname. OPT” 1,

RUBEFECRTLUMORMARE, BERETENEN. 3%, FERL
BEMBRFFES, EFEMEEHE “Jobname. OPT” 1, 7] LLBE i i A 348
A B E, ME 4-3 KW EIER A BB HED— 4 50
MEEEE, WAEBIEEFRR ANSYS BRI SEEN—H L.

ANSYS R B TEA B A HiaR B, BPHCALEA oVl K, EAIM
HETREHFRIBAX ANSYS BUERNSHREEBERET. —BRB, Hxt
ANSYS RIS LB, WTRAGSAMTRRET, EATFERANEAX
BEHHPITEERYE, EREAN. 5—FHE, VI FRAFEXNREHR, W
B EINERIENER. ZH I FRARTRUN, EENRETER
Rabrctt, UEFRERMEBEAENT, MPXERMOEETLLERE %
RITZRMPKD, ERESEBBEERARE.
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HIE ANSYS KENAR LRI TR

AR —REEUTILIFR:
a) 4 B 18 5 BT A B 2 8 304
NEVESHXATPEEHEINNSE, X—PRFEHHRE, BFRRLAMN
(BEGIN EE OPT) ;
c)#EA OPT, #435€ 4 #7 3L # (OPT) ;
DFEHRAERE;
e) B4 T B sk 1L 5 ¥
f) 48 & R AL R ER 42 5 K
g) BEAT R AL 2 #7
W EFRITFFI 4R (OPT) # )5 4 2 (POSTL/POST26)

42 2L B RAKCGHTR

1. £ G IR BT R B 4y 7 O HF
A XGLACEBENTHEE, WELABEL —T£4:
(1) & ¥tk & 3 LT 8L & (PREPT) ;
(2) 3k ## 1= ® (SOLUTION) :
G EBUIHF T REZ RN B 45K H (POSTL/POST26) . »

A AR ANSYS AL B SBPHXBEBY, ANSYSSEFZHSHXH4H
EEHE XA, BT 7€ ANSYS IR AR, PRI EEEREIS
WX, FREAFXGNEHEN B, EoHXHPILAERLAXES
BURBY, SROLAHSERRR, #FXH4FHsTIBREEREHSE, B
ATDEMNRSERABHIPLEREXBRPIEH.

RUSHTXHERTER:

(ORARERERETEA;

(KA GUI HRE, RIFH L0G LHE BRI W X M. WEEH TF ANSYS
BERSRBNAL, GENERF—HRAF, BXTEE, BPLAES LOG
XHFTRERNER, AREESTRILESR.

EERFIHXHEN, BPELFEEERTHILA:

DRAZBRATUEBRFRNEMB I MEL, —BIE PREPT P E X.
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I"EIRETHH AR

DEGIFAF, ARNTRSBINEEARFRROERE, ERNYBRESE
XEHEZR - RETZEANEHRRESEHARGEREE TEASRARNEERAE.
HTREZENHIFERENRERN, ERAMMS “+GET” X#fT, BB RIAKEMFT
6. MR KbEEN, LBES—BAE “POSTL” PEA

DA GUI FRERSTIH, APTURBEREEGSAMHRET. WF
BE &4 “LGWRITE(Utility Menu>File>Write DB Log File)”, ¥ % FE i &
MRS RE B XH “Jobname. LGW” 1, EEFTERYWEUNFTE®S. G
HRKXMA “Jobname. LOG” XHENEMH, FRAREBEMNBREZXHTHE
AVENGLYEBTERSITIHF.

IgyfRidBrsH

FEGUIHAT, RUSTETHSH —HE ANSYSHEEP S XHREE,
RHEMNFLRVIBSEMETUEI—MTENES, MH, ¥ FEHREALTE
kin, EHREFEEFNSETUAEGUI FTHETHE, FTEXRAZER, 8 LHIE
EZEAUEETFHE—FFEREL:

1) A 5 43 37 3CHF 48 55 B %5 5038 BE L4 “ Jobname. DB”, B LLA “ RESUME”
WEREMH M SBT.

)BT EEEAN ANSYS T8 &2, WA “/INPUT” &K
Sl oty SHEAT, BRNFAEEY, ZHESERRKERNN.

DUMNFERUSHE P ESEB ANSYS H, SHUHHHR “PARSAV”
WARAEUN RS ERENL, TLLH “PARRES” A4 R EUFSEAN.

HDEFEXFRXHPEENSH, TH “*SET” @S RHLLUN S ERE
X, RiGHM4 “OPVAR” RiEERILTE.

M. ik A\ OPT AEEEEE, BB XM

BREARAEERZN, ANSYSBEESTRHFTSHSBANEARITFS]
1 ZEBHEBER—IMEITFH. EGIFRT, AFPLAKEITXHS,
XA BT A R L8 3R 30 “ Jobname. LOOP”, 7 ANSYS fR4L AL B R, 4
iXHEERENE HFRFLOAERE—DMINXHE, BUKHE. FEEIF
X#H, "/PREPT” B “/0PT” WA LA HBRESTNE— M EBFERL. L
BHAP, X GEFRMLENSRAOE S, AXHHE—-TEHFS
“/OPT” #E— M BLET, HERE K 37 XH 4 R Jobrame. BAT”, B SL7E# G
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EE ANSYS AN RHRE BRI T

HR-BABERESTXHBE.
V.#eERitZg

MERAFPEEBLRERITEE. RETZEBNEFBEYR, Y TRIZEAR
ARE, APALBEERANE M, ARE—4MEEHEE I LOEMHE, ML
ZHETUHBABA, LT ERHEF E3NER. P/ U4 BN B 52
BIEFEXSZHARRZCLENTINSE, TR —MOLRRE, B
BRAEARUZEFEH, BE2EEREEN.

V. &BMAT BRI T

RUETENEENMRREEWEHETRBBEMNERATE. AERTE.
—MAEABFEEX . BEGALXPEA—FTEZEW, APLHERSE
—MEEEH.

RUATRERBRANLERHZRAMNER, ZANSYS P HRPET. BIER
¥, BSPKREE. RFEERZE. BRBEENRAPRUNTESRLTIA, 3#
BEFHXERMATAGN. LAEEERITER.

VI. e e RAL (R 2R 52 &) 7 i

BHRRAFTERRUCTESHHANNBERESNSE, BERSFRLETE
MRUTERE, BPREEESHIANTEHNNNEREHSH.

VI BEAT AR AL 53 47

FAT AL AT, RALTE IR ST “Tobname. LOOP” £ #3840 87 X 4 4%,
BHRERLTHHRE L -WH, . PHEX.

BARRAZRNEMS RERREAGHFMER L EEH Tobname.
OPT” ¥, BRZTUEM 130 ARBENFES, mRECLAH 130 MF5, BAaK
THER ‘AEF" BFEFIEENE.

Vi. EERITFIEE

ARAB U ERE, APFTURAKEEFFASHSHE, R HFESHE
MEMETUHBRTAETHEEMN SR BEERRENZL, TUFHERR
WA ERERELK. FEA/ U LLE “POSTI” B “POST26"F X 7+ Hi 4 £
HITRAE, EREFAT, BB MR FFIRIE R 567 X4 Jobname RST”
B “Jobname. RTH” H, WREZITH ¥ &4 “OPKEEP"HREN “ON 7, MEE
RIFFFINBBEEEEHERERERER AP, BRESREXH “Jobname.
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IR IEARTHRLER Y

BEST (BRTH)” #1, BEHIEEHX “Jobname. BDB” .

4.3 AENE

ABENMRATHRABENEARSE, REARFBRTHTERME ANSYS EFH S
. SHABEIE, HRANMHTFH ANSYS K4 #TRERAHARGLE
nER.,



BHE AT ANSYS MR FES RN GRL

BHE ET ANSYSHUARESHEUERS
e

ATERAKBRAANRIIMANERAREAOFEELRT. 2 EUNA
ANSYS Rtr S Bk B LM ThRE, WHRBERETHERSE, BISRRNSHL
WA KR . IR A ANSYS A B RAL R Thek, DA ARERRDIYERR
WY, LARGLEHNRMART

5 .1ANSYS hiE R BIERERE
5.1.1 i HEELn

a. BFREENR

BREEAFAEIBARE ANSYS PEURHBH AR EBMAER. T

GERYEABKHXBAnMERAELERNN, BERELEESAKHNERRZE

M FE. WEAH FROER, ¥R, A ERER, 5 FL LA KNEA,

a, HEANA, MBS 1FR. BRKXHTERD:
{1;=13/cosak

6, =inva, =tana, —a,

(5.1)
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I"EIVAET #ELEAE T

Bl 5-1 HIFRETR
Fig.5-1 Forming of involute
EARBEENIBPREAINEEFXERBA LR EEAA, WL hHIFL
FEEH. B 2HrahERI—1RE, ®S, NEL CCHHMAEREELEZAA
FHMEERNZEEE: SHPERLMNERE: rH L, 20 oERNERYR.

B5-2 £E¥X 2R LHEKE

Fig.5-2 String tooth thick in random radius

Si =Re,
CC =2r,sin(g,/2) (5.2)
o, =p-2(0,-0)=8/r-2inva, -inva)
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Fig.5-3 Forming of prolate epicycloid
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(5.6)
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Fig.5-4 Gear pump simulation model 1
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Fig.5-5 Gear pump simulation model 2

39




PRI RET R FA T

52ANSYS R EHEHRIT O
5.2.1 M#&% 5

£ ANSYS FMETT U S EHMEABEENE. BEMNETCAEER TR
BREX, F/LAMER, #AUNKFRUE, SToHTRERS, HRERHN
MEN. oaENaUlRaNaEBE AN, CTURH=ZARARK, ZaR
EREAE. RARBRAERGREHRAFRUMBR, WHSHABE—EHE
. 5daMEMEL, RERERCENARR=fAFEx. LFNEEFTANY
R, ETREERNER. YTEREFIME, AXKREBH FE. BRE R
EREREE, S TFTEAXARPHERE, O THEERYE, BB ERU 45 AT
4, REESEBIMEEEHE, ULXHAMEYL. MBS ENERTE 5-6.
B 5-7.

B 5-6 R A M R B —
Fig.5-6 Gear mapping grid division chart 1



BLE ET ANSYS AR ESNAERESNL

B 5-7 (R ma MRS =
Fig.5-7 Gear mapping grid division chart 2
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Fig.5-8 Pump torque relations schematic drawing
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