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2 us pump (Z7lol HZZE 2|5t 29 08011910 2011.09.06 | James A H QP ZPHA ZE AR M A
Lo|= 7|0 ME)
Gear pump havina a bleed slot ; =
3 | Us confiauration (#2l= % 06033197 | 20000307 | Caterilar T
T=xEE JHXle 7|0 =) ) s
Gear pump with noise - Aylz2mas
4 | US | atienualion (:-0I= ZHAZ 7}7 | 05061300 | 19991005 | TRW Inc, | “IOIB=HENASII &S Fotol
7l H=) =
Gear
5 | UsS Gear pump (7]0f & =) 05624251 | 1997.0429 | C2Sappa shafto 28l ebe = ol B ol g 2o
S 5t7| 2 EtBall =& & A A
Apparatus for noise suopression _ = otz oo
6 | US | inacear oumo (Dlof m=ol | 04130383 | 19781219 | BOrWar | TPl 22X AN G SUBE
AE Lo|= AEg 2 F=R) 0
Helical gear pump (LA 7|0of Masami 2= de|Zd 7lolE ME35t0d
7 us =) 08801413 2014.08.12 Matsubara =2y ALY
Double-helical gear rotary Mario o Lol ol)
ositive displacement pumo : He da|d 7 e 7|o)E
8 us e BBl o0 5 FA 9464632 | 2016.10.11 | Antonio e ololE
Mejo| W) Morselli
Gear pump or hydraulic gear
motor with helical toothing
e i by s VATEOC | waiz sioigzel sus
9 us AP AE WEAZ 9| f°ar 9567999 2017.02.14 | povPE AHAE SHES A5
NAES OE il R SPA. Fstol FHE A =4
%%%% JHEl 7|0l H=E £
7 710 EEH
Gear pump or gear motor with Daikin
shaft connecling member : dlalzd 7)o H=o| 239 dAS
10 us (AFZE odzd SR= 74zl 7|0 10808696 2020.10.20 Indti?(tjnes, 37| o3t &%
HZ £= 7|01 £ 29H) .
Daikin S| 7|0 m Zof A 2] S A A
Gear pump and aear motor ; 9|7|T0|0P0423'F_F”dﬁ._|ﬁ%%
11 us Glo] B=9t 70| £ R2H) 10267309 2019.04.23 Institjnes, A x| 5} 10| BB X 20| 2 510 H| O}
) of= kAl
Gear pump or hydraulic gear
motor with helical toothing o
provided with hydraulic svstem Marzocchi %"EI?EUILHEEP—E%‘E&IE ﬁl—%
. e 5 SI=ES A S o5 =AlHo
12 | EP | for aal thiust balance (X225 | 02850237 | 20160504 | Pompe | SrEESMEHIESOISHTEE
ANAslE 2bz LM A & Spa. «US 095679992+
222 Izl Jlol HE we
et 710 EEﬂ
Double—helical gear rotary Morselli Oede|Z27|0Ed 705
13 | EP e R 02734734 | 20150819 | Mario SR
= Hf?—l ) == Antonio «US 0946463254%%'
. delzd Jlojmzo| =utat
Shimadzu sl o ALAL =
14 | EP GEAR PUMP (7]0f B =) 01988200 | 2019.09.11 | Mectem, 2oas 958 2iy
ine. Z39EE zyelE LA

_9_

Tl o

004 9,




No | =7t B o[ Ex] SEHS SELX Zalel ok
L o{laa-ljouiu. MESASAA
15 | EP | MOTOR (10 HE £ Do | 03200088 | 20180128 | IncLsire Souobsdannstay
HZ = 01. ndustries, e
= 2 2E) Ltd. XIorlolEFm’iig!o to4 & of 5+
04|E|94 7|o-|§ AR 3I= ofdlst
Settima 3™ JlolEH=ZolM DetEol
16 EP Gear pump (7|0 H=) 02154372 2014.04.16 | Meccanic RE FaH MM RO AT
a SR.L. T UEE HEe s EhxGH
T=
5 o= 2z da|d JlolE Mgst0d
17 | P deld glon g SHELICAL 05361074 | 201300.13 | JPIC0 =24 AZY
UsS088014131t= &
o ok ZFX|HYDRAULIC . dlg|d Jlof® = ol T/Plateol| A
18 JP PRESSURE DEVICE 06668121 2020.02.28 | Sumitomo R DA Al BEX|
Ha o Dakin | &2z Jlol H=o 239 @S
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Ltd. «JS10808696 2= &
e
. - E=BL TN gzl J|ojEH =0l wWYst=
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= e e Higjoz Azmzlg Ax
=13
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21 | KR | GEAR STRUCTURE®2IZ lof | 0108207 | ooqq 4903 | ToAgAl | waiE 2l0i8 g xi=d
TEE ZE 29 H= & = ==
=== = AR E
ol
Double helical gear and aear s3]0 o2 =2lsiof
pump usina the samell & 100863981 4 = = ae
22 | KR aaizsiof 9 ol olg e oo | 20081010 | A MBI MASS HEtelotet
0w = =
Gear pump or hydraulic gear
motor with helical toothing
provided with hydraulic svstem 664646 Of = | dlz|d Jlofm=Z o =disk
for axial thrust balance= Bt&k 10166464 ] AHAE SHES ALY
2 | KR | Xaiae wieiaz o5 set 0000 | 20161004 | o Ry olstol ZAIL oz Do
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- SETTIMA : 710} X @7 tigt E5E O 2 42 ~ 2004 cc/rev7FA| TS AlFS
FAF T AW FEE FASIA 7)o = Bl BAAE S Vel 8E 7)o £

A TF2E 7L A=

- REXROTH : 7]o] A& 9] f1x|9k 710} A Abe] A”lE F7] 3t aue E°l= 7|93
Z RIS F7H o2 FAsta e, AN fE71 wojg el d<
of Ao BAHLE THllFe 722 7ML e

- CASAPPA : 7]¥2 02 REXROTHAF ] A7ty 7l& 13k, ogd =8 o]
7, B SA(QE AulEleld, B, fEEa 5)o] £¥E FxE

o

- AAALe] Aol G Aol i3 B39} v)o] Feo] lF we B ol @ 5818 3
S5k AAILA F

<t & HEo = H=EAL>

Maker Flg Concept-structure remarks
SETTIMA Cover front Helical gear 5 grade
Lip seal (snap ring) :4.2~200.4, 275~202 bar
+
Gear housing
CASAPPA — with In/outiet ports Helical(?), Involute spur(?)
%ﬂii including Whisper series : 3 grade
T Thrust plate, :1.12~96.85, 300bar
Gear set
Bosch . ) — —1 Helical gear (Silence plus)
Rexroth @ @3 ‘Btﬁmat . . : 1228, 250bar
= ITVIVENL LAY (Feed back pistor)
Parker % c o I *O-ring (2% &4 wx|) | Hellcal gear 5 grade (P5xx ser)
w @ E E :covaror-'(-:‘-earHSG 4.2 ~200.4 220~90 bar
I3 ) O 3

Competitive positioning

aE ‘t_'.‘_lffa cteristic Quality & Customer Gear Pumps Fluid Power Euomiation Competitiveness Quality
Company ~——___ Performance service Range L vs Price vs Price

Marzocchi Pompe ]

,_,

Bosch Rexroth

L
Bucher 0

P P @ P ¢
Concentric [ D) O ¢ i O

Galtech/Interpump 0 D
) O

Hema/ DB

HPI / ITech

Roquet

Salami

L LD LY ¢ L))
Lo .9 %0 0 0
S ——— ¢ ¢ @ ¢ )
© o o © o
L)) D) & D} ©

Settima

AR

Vivoil

Source: Marzocchi Pompe SpA management estimates [
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O 7WEES Al Lay-Out 2AE $8kd =2 37) it (F< Rit, olEg o} Sit, #l= Ciif) Al
Fe TUsA F2E A 2=
- Rjit: A=
1) & Fornt/Rear Coverd| Aluminium Body= ZHXo| St}
2) 7t Coveroll Hloj&o] ki o UL
2) Aluminium Bush Block©.Z A|2t= o] ¢) S, Drive/Driven Block®] YA H OS2 =
o ATH
3) AYH(FEH L LU HEZH)Y Sealing= A3l 2%2] Bush Block®l “3”#} Seal
GrooveE 7}&3lo] Seal ¥ Back-up Sealo] ZHEo] Ut
4) Axial Force(%9) “431E <9lall Bush Blockel Oil Grooveg 7}&3ate] 9ol 23
Gear A|Hell o] wiopdke] 3o 23t

< Rit ®ME 2all AL >

- Sjit: AFE
1) & Fornt/Rear Cover®l| Aluminium Body= ZHE o] QlT}.
2) Aluminium Bush Block&. & A|Z}t=|]o] ¢] 21, Drive/Driven Blocke] #2850 St}
3) ARFHFUFH) Y LU F(EZH)Y Sealinge A3l Rear Coveroll “372} /49| Seal
GrooveE 7}&3}alL, Front Coverdll 1M 23742 O-ring GrooveE 7}&3+ Seal
o] ZHHo] Stk
4) Axial Force(54) &3lE 938l Rear Coverell a9t A44H 29} PistonF5 7}
53+ Piston®] Gear ol 89| wolwake] 38 &gt}

< Sit HZF 2ol At >
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- Ciit AlF&

1) 5% Fornt/Rear Cover®| Aluminium Body= ZHX o] STt

2) Aluminium Bush Block .= A|2t= o] ¢] S, Drive/Driven Block®] #2]% o] gl
™, F Block= ZH3}7] 918 Atelell Pino] ZHEo] Stk

3) A (FYH) S LAYF(EZF)Y Sealing= A3l 228-9] Bush Blockel] “3”#} Seal
GrooveE 7}&3lo] Seal ¥ Back-up Sealo] ZHEo] Ut

4) Axial Force(ZH) 3lE 918 Bush Blockel Oil Grooveg 7Fg3st fetol AH
Gear X|Hol g9 withddke] 3l& A-&-3rh,

- NE 24 EAE AA AFL 2791 210 bar, 1800 r/min 7401]/\1 *‘Al'c‘f}‘ﬁ%.

- 370 it AEe] &4 0] 4] g2t AEs) njues & _0_'% 71741 Hol| A= Riil:
o] AFo] 435y, &4/ a s SHAME= St AlFo] ¢ Cﬂﬂﬂ% Ag
Ad= 3.008 1H00 2o

- 58 AE T A AAE B3 AHAQ AL 5HA] FeFH o 005k AlEe] 7HE
g0l L Aow dy

< 39| Mt MsSAd = A7} >
Ag 27 AE Zx
+& 4 FAEE 71 A8& 2888 HNag& H] 1
(bar) (r/min) (%) (%) (%)

Riit 210 1800 90 91.6 82.4

Siit 210 1800 89 93.4 83.1

Ciit 210 1800 88 90.2 79.2
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Write | confim | Review | Approval

Hydraulic Gear Pump Test Report ‘

AAAARRA

N

e Jmmoe [ seirs Jooms
o rerun 1035 E
Test Result

Pressure Diisp, Flow Spec.  [Flow Act |Eff.Spec.| Eff.Act. | Torque |Temp.
Part b aticr

dagtfema)| RPM | eciron) | em) Wy | o) | ow) | grm) | (o) [MretionNoiss | Lesk
roti| 2101 | om0 | 225 | smewio | 570 | oo [aicn | an | oid | ok |ox | ok | o
Fotz | 201 | w00 D % | 50 | sia
Forta | 2101 | om0 oowo | ao W | 50 | s
e co0s | 00 o | oo | sa

am-

2200-

270~ 600
2800~

550
500
2000 5, 450
1800-2 400~

1600- % 35

= -5
F 1005 o |
g [l pressures
120~ §
2o v1 LispEmeiEney [T
1000-2 9] b2 vispiemeteney [
el PaDispEficiency |
2 [ P4 Disp Efficiency
< p50-| ¥
60~
am- 1007
- 50
0- ‘ T T i T . i T i i
oo 20 ado ado slo 6o 1o abo isbo  1sn0

Time (sac

=" e 4

i - o =

@ Hydraulic Gear Pump Test Report ‘

Write | confim | Review | Approval

ol e o
& it E
Test Result
Presars T, | Flow Spec. [Flow Act [E Spec.| EFFACE. | Toraue | Tame.
part b atior
G| M| eepian | e | Qe | o | ey | Geai | (e |Veraion|Nese | Leak
Puli| 2099 | G800t | 83 | saaessa | 595 | a0 | smav | 117 | s2r | ox | ok | ox | ox
Portz | 2099 | 18001 cow0 | 03 e | 117 | 527
Pt | onoa | e co00 | nn e | 117 | W
Pute| 2099 | 1eo01 cowe | 00 ot | 117 | o2z
- 60
o Toraua
| apm
200~ Fiomt
500 Flonz
-

2000~ 5. 150
1800-2 400~

1600- % 35

Fioms
§ Pressures
14002 o | bressures
= g Pressures
1200-§
2 g P Disp.Ettciency [777
1000~ P2 Disp.Etticiency [
i —Wf
2 ¥l P4 Disp Efficiency [
s ¥
w100 — =
- B0
0- T i i

200 o oo a0 who  Zo  dbo aeboisho
Timo (sos)

«@>

wiite | cunfinn

I
ydraulic Gear Pump Test Report ‘

T Y

e e i o
B T A
Test Result
Prosars Tien. | Flow Spoc, [Flaw Act [Ertspo Efact. | Toraus | Tomp:
. brati
P logriema)|  RPMJcecren) | M) | @PM) | R) | () | tkghrm) | () [Ereten Neiss | Lesk
Portl | 2100 1800.3 203 31,3365 330 B5.7% | 90.2% 58 47.6 oK oK oK oK
Portz | 2100 | 10000 cowo | 00 % | 50 | 78
Porta | 2100 | 18003 as00 | 0o e | 58 | 476
Port4 | 2100 1800.3 0.0~0.0 0.0 Info% 5.8 47.6
- 0
P T~
i ~
2a00- ~
i ~
zog- 50 !
=
2000~ 5 450+ ~7
5 I
\EUU'E 400~ yva
1600~ 5 350, ~
g
3 H0-5 Wl Temperatire. [~
= - £ [ Pressures =a
2 o0 P1 Disp Efficiency [
1000-2 P2 Dis Fttciancy [
n £ 2004 PaDisnFificiency [
g (2] Pa Disp Etticiency [77
= 150
600
- 10 T T
20~ 50 " mase
! v T
o o

0 1o 200 300 4do 0o e00 700 Ao a0 oho 11bo 1200 1300 14bo 1500 1600 170D
Time (sec)
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T 9 ALY o B0l tE BHS B 53 Pe) 052 919 A FHS A
b

S0 T SWs | SSU £4d

= o=

Gear pump or hydraulic gear motor with helical toothing provided | 9567999 | 2017.02.14 |MARZOCCHI POMPE S.R.A.
with hydraulic system for axial thrust balance (S22 S22

LHAZ QIS RO AIAHS 25 LEM ARt RESE JHX
o H=E= /2 70 25

Gear pump or gear motor with shaft connecting member (** == [ 10808696 | 2020.10 20 |Daikin Industries, Ltd.

GZ SIS A 7|0 BE ZE (o & 2 2H)
Helical gear pump =2l 2 |0 B = 200990800( 2019.08.06 (28 BF 2 I= 0= FerggT |

-0l B3l A FlojHze) A5Fol WAshs F2& A7 Saked BT ¢
22 7o) ALES] TR0 HAF TAEOR FFA WrEY UHHOD WL F
Lol o3l AB L fESE BAL g wehy WaEe] FaEs ] 4
ol 7l A + &= WA ot & A oA Ed T 559 WAL, 9 2E efyx
£ Aot 1AH 02 s Y9 ~E BT fodo] 7109 AFZE| A8-athar, 23HF o
E 92Eo] §2o £AFolal, ALH R WS Al Fst 54 glo] dAH R F
g AT 7 JodX AE & Wloja o]

10¥ 53 29, 39 7101 P ALY Ao AET Eol 9= 49| 29 39 ¥
Jolth, At A s BEE 190] 22 AHAT, BaF F9o B
1

[kl

o
2
»

z
O
1>

< KM MA BE M P T S >

=
As-is To-be H| 1.
- Pistonol Gear=zZ AMME 2|5l |etg 2ot
S e Gear3 dith wgoz ojFE g LAY
. Fi
Piston b ) " _
E—’ i-ggr #4| £3 : Pistonoll Orifices 7t23t0d FE2 2
/) - [ Z+E 3} cushion HEg Fof $HS
= - ERNE=
L ih 7 ) . o B
. Gear Gear L1424 - Pistonoll Zt&38t= Fetol MA3| 2&E5H0]
&4 o i +=7tH o2 t:'féﬂéi% E2HE EH{EEM,
} el HEZeo WaMS SaAZ
< PR /
VT TS
Gear % Gear L - Pistonzt ®l Zol M&=4 0, s2tol &A= 0]
Rl ¥ i g § =27t =AS E'JIEPO#l, HEe HAES
I:ll-x|3|.—l |__H M GEALA|ZI
7 /7 S <+, = oM AE
P AT A ///é v <
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2) dz|d Z|o{HZ HA

@ Lay-Out MAHA

0 WA FYT F-9) 5 L 7=

271¢] Lay-Out ¢+ FA592-

=] =
24 A%

EYz +87]4, 9894 53 HelE =6

- Type Av B39 FUFE EEST7F SH $A8k= Port end Covertil A A=+ W

HoR FUZOE §Y, EETE 42 T 4+ gol A4l 948 FHL 7L 9
of, 2 jgo] Bad ol 249,
_Type B FUTS E2T7} Z7b0] $)X5H= B4 0.2 Type A% M makd S o, A
AT e £alo] Atk 4HE AT g,
S A7) T BAE S804, WA AES A3 EdE 28 A gl e Type
B H]—/K] o7 1371].2_ z_]fsg@-.
- Foq7)Ho] AEs A, AlEe 3 s} vl b QP& 9.01 O& ujl¢- k)
A AR Aoz dd
< E/EE7 QAo o= Lay-out /A >
7= Type A Type B
0 ®
Out
oA MZ
Sol/le X SoiM
ocCletst Port 712 T B}
oCover tt7} shet
ch ORZo 2ot &AM OBody EZXIlzo| ost HEH
oCover Et7} A& OFlange type 7t=2 $Hd
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0 FAFNA YIS AHTHE TloE FZe] AXNE B B HHT 5 Qor, e
213} o] AW 4 gleh, 7)o] HEel A Flof ek A E Wi ne] FE sAH T,
e FA% 02 A8 T BA shEol Agshs wie] FH BT 4 9L,

O WA Jlof I Fa REL AFAY T2 JE A4 AnE Fx3He] Jlold] £ A
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- (71919 AA)BEZ 71ofoll A 22 7]oje} F2 7 7|02 F-E8te] AAs e, A

A7k wpale] Weld 7)ol ASHE BAL oldleh 2.
<dag o] MA HREZ U AM >
No el Drive gear Driven gear

1 |%=@) Number of Teeth b2 7

2 |25 (m) Module m

3 |2 (an) Pressure angle al

4 |SMHEIZ (© C

5 [HIESA P B

6 |RELEE (m2) m2 = m /cosp

7 f8HYEZ () as = tan-1 (tan a0 / cos )

8 |0]Z=0l(hk) Addendum hk=1%*m

9 |0]42|=0l(hf) Dedendum hf=(1+C)*m

10 [EHH0]=0|(h) Whole Depth h =hk + hf

11 [Bd A2 (cd) Center distance ed=@1+22)*m/(2*%cosP)

12 | A 2(do) Outside Pitch Diameter) d01 =m* 71 / cosp d02 =m* 72 / cosp

13 [0IBHAE k) Addendum Circle dkl =d01 +2 hk dk2 =d02 +2 * hk

14 |0|%2|ZXIE (d)  |Dedendum Crrde drl =d01-2+* b dr2 = d02-2 * hf

15 |7|=HXE (dg) Base Circle dgl =d07 * cos * as dg2 = d02 * cos * as

16 |RZAEH (Sn) Sn=mn/2*m

17 |2IE (PZ1) Lead Pzl =nZl*m/ sinf P2=mZ2*m/ sinp

18 |SSHEAR 9l V) vl =71 / (cosp)3 v2 = 22 [ (cosp)3

19 |BA7] A4 (Zm) Zml =(a0*Zv1 /180 ) + 05 m2 =(a0*Zv2 /180 ) + 05
20 (BX7| KM (Sm) Sm1 = micosa04mEZm1-0.5)+ZTinvast | Sm2 = mrcosa0nEZm2-0.5)+22inva s}
21 |Z215 0]=0l(hj hjl = m* Zv1 / 2{1-cos(90/Zv)}+hk |  hj2=m * Zv2 / 2{1-cos(90/Zv2)} +hk
22 |2=0|5H () Sjit =m* Zv1 * sin(90 / Zv1) Sji2=m* Zv2 * sin(90 / Zv2)

- (A8 AA) AP 5718 S E Fxsto] Axtsilon, ol ik A4t e ok o
B3 ow], A 27 WA A Ase] Bl AL S5k Excel o] 87 A7 AA =
2a9s MLkl

. e 11
7 sm[ | _
o g - | 2 = 3
x(@)=—cos| —-sin '-JrJ (e —2asin(a)-2cos(a)+2)

i \f[r:: = 2eesin(ex)— 2cos(ax)+ 2
|
/)

; [u‘]
Zsin
.| 4 2 . y . af & a
y(a)=r, =smn - —sin \)a'l;: +4r, HIII'[ ?J dar, sm[ e ‘L(T‘.[ ~
- /r +4sin’(* )—J(Hm[ = ]cm[ ¢ ] - e
L\ 2 2)°*(2)))
- -sin([)’).\‘(a)+cos(ﬁ)l;}'(a]-r,, _'|+;;_ ‘

X e = cos(f)x(a)—sin(B)| y(a)-r, |
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s FExiel g

: =

o mresme s Yoo =sin(B) xte)+ecos( B pla)—n]+n

< Excel x| MA ==z3H# >

371 WA FAIA AAlRE £3589 W&o g o5 FE5t, 7<l 3= Aok
=ME 5519 7leo 95ty thZat Zo] 4T & 4 ok AR JIERE &
M-S TAlot= @A 2 FAIA 02F Basic circleg AHdstil Basic cu”cleoﬂl\i =
AR 0% AAsH= OCHE 1.2 ohe CAoA o)Ro] 7 BE oloj5t A BCE
S5I). of BOUE OCHOIA ZHs (WAIHo] OAS 45lo] ACE of ABE
AZstH AA7Ee ol »5o] dojXlt}, Basic circle2 ¥HEo| rb, Pitch circle
< rpetal §tt}. BCA2 AZS 7822 IERE Aoz Th=0] &4 o] Q¥
RE 4 2 () U2 olFeUA AR Yyl AYE W giolol Shintd
2 olck, R|G7HA] A= Y82 Basic circle,Pitcj circle, Top arc center lin

e, Bottom arc center line, Involute curve©o]il, Pitch circleg 7]&°2 2 Top
arc center lined} Bottom arc center line2 A ODE 7|&02 ZtE(0)2 o] =
o FdHz Ad E 4 Y. ot A D IERE BCY Picte circled} U=
Aot} o714 ABoA 2= (0)8FF2] A& A|Uh= Pictch circleo] A/4dut 2]
219 A2 APgeta ol AAe) 2AM e Top arcit Whbs A FA0= dto
uiol r19l 53 Aatd 9go] Faol WSl Ak A CE Al AME A
st o] AAoA ZFe(0) §1X|9] Bottom arc center circle lineg& AH/dshal
ACY AMoM £AMS 2ojA = AS 022t shal oA oA vh r2el

AS FAZE0 2 AHAsIH x]Q] Y&e] o] gtEo] Atk o] W3 nt M43t 9
d= ololx® ¢t el W.R] P/l A 7]o7t &gHH. A=A Slag
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U ds AlY &8 A
- AAZIAR-ZFATAA B35 FAEE LA AldH7E A 9 3F-& o] 8351
g T AR ST
(7h B A AP A
No 7= Al ZHd| AL
1 Operating test pressure Max. 35.0 MPa
2 Test flow rate Max. 500 I/min
3 Speed control range 0 r/min ~ 3,000 r/min
4 Operating temperature -20 C ~ 80 C
¥ RUEZ MM AHYIL dulo MMRE DYYX HER AFHS Y £ 8
(W) a5
No T Al S Zhd| AFQF
1 2z -50 ~ 150TC
2 = 20 ~ 98% R.H
3 L&A 1200[W] x 1400[D] x 1400[H] mm
(th 200kNJ #7142 71x17]
No T Al S ZHH| AR
1 Max. Payload 1,800 kg Of &t
2 Random Force 22,000 kgf
3 Freq. Range 2 7 2500 Hz
. Vertical = 1.5(W)x1.5(D) m
4 Table Size Horizontal : 1.5(W)x1.8(D) m
G
No T Al S ZHH| AR
1 =X He 20 7 140 dB
2 olo|ma 2= Class 12
o 1:11 - 315 Hz © 16kHz
3 SEE EE 1:3 - 633 Hz ~ 20 kHz
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ok A% WT AE B £ st

7h A BE AT

-84 52 NP A

87.6%, 88.6%°] A& &

00%, 3l

sjelsle] T AR BE Y% B D4 FAL

A&% 75% T7FQ] 180 bar, 1,650 r/min T-7Foll A

de|drojd= J[AgE2 AMldd +d 23
7+ =8 24
o | sdEE |- | ea | siddE | e ofel | JlAEe
(bar) (I/min) i kgf.m r/min I/min bar %
#1 8.4 2202.7 53.6 180.1 86.4
2200 #2 8.5 2202.2 54.0 180.5 85.9
#1 8.3 1651.2 39.5 180.2 87.6
160 #2 8.2 1649.5 40.0 180.3 88.8
180 #1 8.3 1097.7 25.8 180.7 87.6
1o #2 8.3 1096.6 25.7 180.1 87.4
#1 8.6 549.8 10.7 180.4 85.2
550 #2 8.6 549.2 10.7 180.7 85.4
2900 #1 6.7 2215.3 53.5 135.6 81.4
#2 6.7 2213.1 53.4 135.7 81.7
#1 6.4 1650.9 38.5 133.4 83.7
160 #2 6.5 1649.4 40.1 133.7 83.7
135 1100 #1 6.6 1099.9 24.5 134.9 82.4
#2 6.6 1098.7 254 135.1 82.6
550 #1 6.8 550.0 10.8 135.8 81.4
#2 6.8 549.8 10.8 136.4 815
9900 #1 46 2204.9 529 90.2 79.3
#2 4.6 2202.9 52.9 90.3 79.5
#1 4.4 1652.4 39.4 91.0 82.9
1650 #2 4.4 1650.8 39.8 91.2 83.1
0 #1 4.4 1102.6 25.6 90.4 83.9
1o #2 4.4 1101.3 25.6 90.7 84.1
#1 46 552.0 1.8 90.1 79.8
550 #2 46 550.6 1.8 90.3 80.0
#1 2.6 2204.3 53.6 455 70.7
2200
#2 2.6 2199.1 53.5 455 70.7
#1 2.5 1652.8 39.8 45.6 74.3
45 160 #2 2.5 1651.9 39.7 45.7 745
1100 #1 2.3 1100.5 26.7 45.0 778
#2 2.3 1099.4 26.7 452 78.1
550 #1 2.2 549.5 12.6 45.6 82.6
#2 2.2 549.0 12.6 457 82.8
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(bar) (I/min) - kgf.m r/min I/min bar %

5900 #1 8.4 2202.7 53.6 180.1 95.9

#2 8.4 2202.2 53.5 180.2 95.8

#1 8.3 1651.2 39.5 180.2 95.7

160 #2 8.2 1649.5 40.0 180.3 95.5

180 #1 8.3 1097.7 25.8 180.7 924
1o #2 8.3 1096.6 25.7 180.1 92.4

#1 8.6 549.8 10.7 180.4 76.9

>0 #2 8.6 549.2 10.7 180.7 76.7

2900 #1 6.7 2215.3 53.5 135.6 95.0

#2 6.7 2213.1 53.4 135.7 95.0

#1 6.4 1650.9 38.5 1334 91.9

160 #2 6.5 1649.4 401 133.7 95.6

19 #1 6.6 1099.9 24.5 134.9 87.7
10 #2 6.6 1098.7 254 135.1 91.2

#1 6.8 550.0 10.8 135.8 772

>0 #2 6.8 549.8 10.8 136.4 771

2900 #1 46 2204.9 52.9 90.2 94.4

#2 4.6 2202.9 52.9 90.3 94.6

#1 44 1652.4 39.4 91.0 93.9

160 #2 44 1650.8 39.8 91.2 95.0

%0 #1 44 1102.6 25.6 904 914
1eo #2 44 1101.3 25.6 90.7 915

#1 4.6 552.0 11.8 90.1 84.0

>0 #2 46 550.6 11.8 90.3 84.2

5900 #1 2.6 2204.3 53.6 455 95.7

#2 2.6 2199.1 53.5 455 95.7

#1 2.5 1652.8 39.8 45.6 94.8

45 160 #2 25 1651.9 39.7 457 94.6
#1 2.3 1100.5 26.7 45.0 954

10 #2 2.3 1099.4 26.7 452 95.5

#1 2.2 5495 12.6 45.6 90.4

>0 #2 2.2 549.0 12.6 457 90.4




Torque (N.m)
Flow (I/min)

Torque (N.m)
Flow (I/min)

Pressure (MPa)

Pressure (MPa)

150 T T 3500
—— Torque
— Flow
—— Pressure|
—— Speed
120 - 2800
c
90 - 2100 €
E
O
)
60 1400 o
%)
30 - 700
0 T T 0
0 20 40 60
Time (s)
[#1 21H =& Alga=i=]
150 T T 3500
— Torque
— Flow
— Pressure,
— Speed
120 4 - 2800
=)
90 2100 é
=
il
)
60 1400 o
%]
30 I 700
0 T T 0
0 20 40 60
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AALE 2HNA HY 3|A £= =A Ay F AR EF 3,007 r/min, 3,008 r/mind F
23 9A4S ZIstioH, Al T8 & S A AR Bo] A gles SIg

3 H+ ot
= Al & xf H| 1
(r/min) (MPa)
#1 3,007 17.9 ozt &MIE 7Y S)o| S -
#2 3,008 17.9 ozt EMIE 74d S)o| S -
150 : : = 3500 150 . . ; e 3500
120 /'/ L | L 2800 1201 L 2800
/ \ \
© = T =
% 90 \ -2100§ % 904 -2100§
o = ® =
3 | 3 3 g 3
2 60+ 1400 3 I — L 1400 3
o o
o o
304 L 700 304 L 700
0 T T 0 0 T T T 0
0 30 60 9 0 20 40 60 80
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(h 48 9%
- WEL 50 %, 0% F TIoIA ZHFGOH, AY F} T AR BF 05 % 0|3k
WEEC] AFEHO, BF 53 GAS U3k
< otz W AlE £ A >
T oraf &4 My o LR -
ey
(MPa) (MPa) (MPa) (%)
9.03 9.01 9.0 0.22
# 1 -
16.21 16.18 16.2 0.19
9.23 9.20 9.2 0.33
# 2 -
16.20 16.17 16.2 0.19
9.04 T T T ___ i 9.240 I | I __— Pressure]
9.235 -

9.03 I 9.230 | I
§ | 59.225« |
= 2
0 9,02 0 9,220
=5 =}

? L 3 L
o 0 9215
o o
9.01 9.210
9.205

9.00 . . , . 9.200 . ; : :

0 2 4 6 8 10 0 2 4 6 8 10
Time (s) Time (s)

#1 ol s Al =(H2A 50%)] #2 cradal s Alg Jei =("HZA 50%)]

16.25 T T T ___ =i 16.25 ! | I __— Pressure]

16.24 - 16.24 -

16.23 F 16.23 4 L
1622+ 16224
© ©
DE; 16.21 - F % 16.21 +
0 16.20 0 16.20
? 1 a
2 16.19 F £ 16.19 L
T a

16.18 16.18 4

16.17 4 L 16.17 4 +

16.16 16.16 -

1615 ; : . - 1ot i ' ' :

0 2 4 6 10 0 2 4 6 8 10
Time (s) Time (s)

#1 WS Al =(HZ 90%)] [#2 s Al el =(HZ 90%)]

<ot WE AY ¥ AR aY= >
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(#h & A
- AL AP 0% 2 2413 S A d e AAlskien, /b /3 E& s 100% T1E
ANM Al A/ AEE 4 AH 02% ©lste] && AS gQlst] A =3 24<
3l o] 3}
= U .
< A2 Al d Ao >
2= AlE2E A& A|ZF
B () (hr)
# 3
90 2
# 4
Mag =8 20
TE NBFE E3 M5 & 2 JIAEE | ExgE | NMEE
kgf.m r/min |/min bar % % %
43 Alg © 8.4 2202.2 53.4 179.7 86.3 955 82.4
Ay = 8.4 2201.6 53.3 179.6 86.3 95.4 82.6
4 Ay o 8.4 2202.4 53.1 179.3 86.2 95.0 81.9
A = 8.4 2199.9 53.0 179.3 86.2 94.8 81.7
°= 0.1
X st 0.2
100 |- temperature |-
__ 80
=,
s 70
%-)_ 50 -
R
30 \/
o.; 0.5 1.0 15 2.0 2.5 3.0 35 4.0
time (h)
[#3, #4 n2Alg el =]

120 - I 2800 120 | I 2800
ggg o0 T + - 77_2100% ggg 904 —— —2100§
EEE 60 1400 & EEE 60 1400 &

°% 20 40 Pt °% 20 40 Pt
Time (s) Time (s)
#3 Ald M 22A1" 8 =] #3 Al = g2A1" a8 =)

120 H [~ 2800 120 :;e;;uj‘ [~ 2800
E’gg 904 — = -2100% Egg 90 -2100§
Eu—?g 60 - [ 1400 & kS 2 g 60 - - 1400 2

30 I 700 30 |- 700

°3 20 40 Pt °3 20 40 A
Time (s) Time (s)
#4 A" M g8Al8 T84 =] #4 A" = 22A" T8 =]
< A2 Al Fd Hop AR 2 TJef= >



(°h

Al AE

- AL AR B M 4ATE T AP S AN, /S5 R 100% T
AN AP A/ AEE SH A 02% oldte] && AZS gRlst A% 53 24
slgh

< A2 ANd A Z3 >
2= ANE=2E Al Al ZF
B () (hr)
# 3
-33 4
# 4
ez 55 29
Al 72 | AT E3 MET & o ZIAsE | 88X | NMESE
kgf.m r/min I/min bar % % %

43 Ay o 8.4 2201.6 53.3 179.6 86.3 954 82.3

AY = 8.4 2201.0 53.2 179.4 86.2 95.2 82.1

4 Ay © 8.4 2199.9 53.0 179.3 86.2 94.8 81.7

AY = 8.4 2199.6 52.8 179.2 86.2 94.6 81.5
2= 0.2
x st 0.2
- —— rapssetore]]
20
.,g 10 \\
2 °RH
8 10 \
E Lo\
-40
o 1 Ztime (h)3 4 5
[#3, #4 N 2AE]
150 . . 3500 150 ——— 3500
120 + [~ 2800 120 - ’ ;:;sd N [~ 2800
ggg 904" — = -21oo§ ggg 90 - —2100§
gu_%_ % 60 + —1400?‘}_ gu—g_ g 60 - —1400§.
30 L 700 30 I 700
° [o] 2‘0 4'0 60 ° ° 0 2'0 4'0 60 °
Time (s) Time (s)
#3 Algl M a8Ald T =] #3 Alel & a8Ald J2i=]
ggg 90 -2100§ ggg 90 -21005
%;E% 60 - -1400§ ﬂég% 60 -1400§
30 I 700 30 4 I 700
Time (s) Time (s)
#4 Ald M 22A1" d8i =] #4 A" = 22A" T8 =]
< X2 AE 48 2T AN P = >




9L .
<ZS A A 23 >
o s AlEl AlZH PSD _
a8 A Hi sk = = Al L i

T = = (min) (g2/Hz) LR A =
X = 3.05 33 3 o §lS

#3 Y = 100 3.05 =3 3 o& s -
= 3.06 =3 3 o& gls
X = 3.05 =2 & ud gls

# 4 Y = 100 3.05 33 3 o §ls -
7= 3.06 32 3 o §lS

Control - PSDvs Freq

100

g2/Hz Vs Hz
B %

10 20 50 100 200 500 1000 2000

[#3, #4 RS A& Xutsk AlE i =)

grms
C:3.05

Control - PSD vs Freq

0 g?/Hz Vs Hz

grms
C:3.05

10 20 50 100 200 500 1000 2000

(#3, #4 TSAY Yabar Ay 2f =]

< Az Ald ol 23l gz 2 AR >

— o o =
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(Eh) B5H AY
- HSFAIE-S A AAIRE 7FAId 29 mhet Bs 2000413 BES 918l 40041 7HE <
A% ~RHRon, Y E5 F KADG D AAE 24 A% e D B A5 2%
oSt A% TE GA4L FAT
<®HE 49 N 2 Z >
BEEEIE T EERE EEED _
T & | (Jmin) | (MPa) h) S ot A o
#1 o z&A S -
2,200 22.0 400
#2 &= RS -
Megg =d &1
Al T2 | Alg2E E3 S|MER Tk = A= EYE=2 MEE
kaf.m r/min I/min bar % % %
#1 Algd ©™ 84 2202.7 53.6 180.1 86.4 95.9 82.8
Alg = 84 2196.7 53.0 179.0 86.0 95.0 81.7
40 Al ™ 8.5 2200.2 535 180.2 86.5 95.8 82.9
N 8.5 2196.0 52.9 179.5 85.9 94.8 81.5
E_% 1.1
X &} 1.4
150 . ; ——— 350
:Sp
120 L 2800
I ] EnREEERERE ~
;E% 90 | H*ﬂ’j** 777(« 2100§
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§2 8 oo |- 1400 8
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1) 0|5 S &2l 7|0 X|& HA
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A EY

X FZHTS)o] AT HEYH FYd HIstH vy (T4 ¢ S7hEL =7 994
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Section2 |

+— Section 1
+—— Section 3
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H
V1 = / Ad(z)dz, Vé — / Ad(z)dz, .................................................................. (2-13)
7z 0
H ZS’
I/Q :f AS(Z)dZ, 1/21:\/‘ Ad(Z)dZ,
z/ 0

High Pressure (HP)

Low Pressure (LP)

DC1

pc2
DC3

DC4
Drive gear
Slave gear Y

Low Pressure (LP)

<dez|d 7lojo AH A >

TR o5 A Ao BelEA onw JETRel shd AHe vt A
WA o] Thd WA e o thew) o] A4k

H H
men — / Avar7in(z)dz7 anout — / Avm out(z)dz .............................................. (2-14)
0 0
AET AYH F AF2 dA A 7PH AHe Fo= ALkd
]/;n = Vconst,in—i_ [/;mq,m ................................................................................................... (2_15)
I/out = Vconst,out + Vuar, out

]
A&F DC HOE 7IOE DCO 43 ARG ol §3te] el sl /)73 &
Fe A3 AATH ARG o83t 2] (21607 AL
N N . Ny Ny
V= Z V1, + E Wj"‘ V3, + V4, + V;/ar,out ............................................... (2-16)
i=1 =1 k=1 =1
N-N| NN, N-N| NN,
V;n: V1z+ V2j+ V3k+ E V4l+ I/Var,in
i=1 j=1 k=1 =1

AZVA V1, V2, V3y, VA, 9% gkl hidth 2

V1i<0forlﬁiﬁj\flandi/liZOfOI'./Vl'i‘lSiSN ...................................... (2_21)
V2, <0 forl<j<N,and V2,20 for N1 <j< N
V3, <0 forl<k <N, and V3, >0 for ,+1<k <N
V4l<0 for1 <! <N, and V4120 forN+1 <l <N
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Drive piston at lower half
I FG1L —— "

Drive piston at upper half

@

outlet area \ outlet volume gear volume @

) *E & 5]
inlet area / \

inlet volume

<Amesim 7] 7101 = R FTeuE A2
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; ! 149.90 I ! !
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0.400

A

.
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wge] AEo] Au) 034bar AEE LR} 712 710l M thu] Mol % Fad
2 AEH
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O CFD 714 7ol 9= Rxsebne Azwle] ghus Agd o4
3y

)
} ;ﬂ%ﬁ& 7]o] Hx 3;1].0 JB(CAD .401)7119}2. —9-75.-33 33z AirEeld S/Wel

esh type : 3d hexahedral
jumber ' i| 1961108

jumber of faces : 3015105
imber nodes : 1087711
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<dlz|AH J|ojE® =9 CFD ™A el(mesh)>
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<#de|d J|oj@ =9 CFD =X za2l(zh &z, 2: Jfu|HO|M) & I}>

=
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Development of acceleration test code for helical gear pump
for tractor based on field workload

Sul-Gi Shin', Dong-Heon Jung*, Jae-Bum Kim*, Myung-Sung Kim*. Hyun-Ho Kim. Beom-Jun Kang
"*Korea Construction Equipment Technology Instifute

Key Words: Tractor( = 3 ), Gear Pump(7]9] 2 =). Helical Gear( @ 2] ﬁ 7] 9). Field workload{ Z+ 8 28},
Accelerated Test Code(7}5 4] 8 =), Reliability Test(4] € A3

Abstract: Agricultural machinery tractors perform tasks such as loading and traction with power using a hydraulic
source generated from an external gear pump. Existing spur gear type hydraulic pumps have the disadvantage of being
very noisy. To mprove this. a low-noise, low-vibration gear pump was developed by developing a helical gear of a
contmuous one-point contact method. Due to the characteristics of tractors used m rough terrain. high rehability 1s
required. In this study. field usage condition load was measured to develop reliability verification test codes such as
durability life of helical gear pump for tractor. By analyzing this. a test profile for the application of the bench test was
designed. and an accelerated life test method was developed to guarantee the reliability of the developed product.
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Study on the Characteristics of Continuous Contact Helical Gears
by Pressure Angle and Lead

BRI - BN - ZAY - A A
Mir—Gyu Park, Ho—Seong Jang, J—Seong Jang and Sang—Won Jr
EACHEtm 7 HA| A28
"E-malical ¢ jswEpsnuackn, Tel @ 0518285190

Abstract | A hydraulic extemal gear pump with o simple stmocture, excellent durability, and low price has been pointed out as
w dissdvantege of relatively lowd netse. In this paper, to improve the performance of the double arc contingous contact helical
gear pump developed for noise reduction, the resulis of basic research on the pear tooth characteristics according to the gear
pressure anple and lead are presemted, The resulls of the bagic research are expected to be usefully wtilized as basic design
data for improving the performance of the double arc continuous contact helical gear pumg in the fture,

Key Words @ Helical Gear, Continsous Contact, Pressure Angle, Lead, Gear Pump
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Fig. | Trapped volume of spur gear pump

Fig. 2 Circular-are woth for helical gear pump
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Fig. 3 Circular are rsdiug with pressure anpgle change
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Table 1 Helix and total helical rotation angles by lead
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+ % EE
44 4833
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28 A vinhe g fSHAEH (S0 VG 32-46)

W 3ol Ghze) we B4 gEE ohEs Atk
1 bar = 1.0x10° Pa = 1.0197 kef/ed
1 Limin = 16,67 cils
1 Kgf = 9.806 N
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RS B 0063 717 7]oj8x
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IEC 60068-2-6 Environmental testing - Part2-6: test Fc: Vibration (sinusoidal
IEC 60721-3-3 Classification of environmental conditions - Part 3: Classification of groups of
environmental parameters and their severities - Section 3: Stationary use at
weather protected locations
150 1219-1 Fluid power systems and components - Graphic symbols and circuit diagrams Part
1: Graphic symbols for use and data-pr g jons 150 1219-2
Fluid power systems and components - Graphic symbols and circuit diagrams
ISO 3744 Acoustics - Determination of sound power levels of noise sources using sound
pressure -Engineering method in an essentially free field over a reflecting plane

EYEE W2l oI AY XN

SO 4391 Hydraulic fluid power-pumps, motors and integral transmissions - Parameter
definitions and letter symbols
1SO 4412-1 Hydraulic fluid power - Test code for the determination of airborne noise levels -
Part 1: Pumps
1S0 5598 Fluid power systems and components - vocabulary
1SO 12334 Aerospace - Hydraulic, pressure-compensated, variable delivery pumps - General
requirements for 35 000 kPa systems
Hydraulic flid power - Positive - displacement pumps, motors and integral
transmissions - Methods of testing and presenting basic steady state performance
JIS B 0125-1 Fluid power systems and components - Graphic symbols and circuit diagrams -
Part 1: Graphic symbols for conventional use and data processing applications
JIS B 0125-2  Fluid power systems and components - Graphic symbols and circuit diagrams
Part 2: Circuit diagrams
JIS B 0142 Glossary of terms for oil hydraulics and pneumatics
JIS B 8312 Gear pumps and screw pumps - Hydraulic performance acceptance tests
JIS B 8327 Testing methods for performance of pump, using model pump
JIS B 8350 Methods of noise level measurement for oil hydraulic pumps and motors
MIL-STD-810G i i ing Ct and Laboratory Tests
NFPA T39.33 Hydraulic fluid power - Pumps - Method of testing and presenting basic
performance data for load sensing pumps

SAE J 745 Hydraulic power pump test procedure
SAE J 1927 Cumulative damage analysis for hydraulic hose assemblies
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