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Correlated Pumps:

Bosch Rexroth PGZ4
*Size ’80’ — Model PGZ4-1X/080RA07VE4

Parker Hannifin PGG20010

*Miniature Gerotor — Fluid Power Research Laboratory, University of Turin, Italy
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Bosch Rexroth PGZ4
Model PGZ4-1X/080RA07VE4
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*Fixed Displacement (no pressure relief valve)

Single sided porting, but with Shadow Porting feature
8 lobes Inner /9 lobes Outer

sInformation from www.boschrexroth.com
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Technical data (For applications outside these parameters, please consult usl) PGZ g X/ ... RAOTVE4
general Drive shaft cylindrical,
Type Gerotor pump 4-hole mounting flange according o 1S0 3019-2
Type of connection IS0 4-hole mounting flange according to ISO 3019-2 and VDMA 24560 and VOMA 24560
SAE 2-hole mounting flange
IS0 2-hole mounting flange according to 150 3019-2, matching through-drive KB2 Li#12
IS0 2-hole mounting flange according to ISC 3019-2, matching through-drive KB3 52405 405202
Line connection Flange connection 1940,
42102 10 F
Shaft load Radial and axial forces cannot be transmitted —— b.‘.)"/'-""" F-F
L L L | .
Direction of rotation (viewed on shaft end) Clockwise ” 5 !} r ;_; H = ﬁﬂ
| | by | = I I
] ] — 5 e I T
hydraullc - B
)
o~
Hydraulic fluid HLP - mineral il according to DIN 51524 part 2 E Sht
Please observe our specificalion according to data sheet RE 20220 . I
Other fluids upon request! N J l‘ el
— P = ol o | =
Hydraulic fluid temperature range | -20 to +80, observe the admissible viscosity range! 8 wl T o | o
©|m 1 | - I
Ambient temperature range G| 2010 +80 8P| = L 1 o
Viscosity range mm¥s | 10 to 2000 | 1 - .
Max admissible degres of contamination of ] ff <
the hydraulic fluid - cleanliness class I T ~ e "G'g
according to 1SO 4408 (c) Class 21/18/15 " 4 T | |
Frame size 4 Frame size PGZ4 T = | i J S
+15 T L .
Size Size 20 2 40 50 [} 80 g E 19501 %,
5 12208 — — v
Displacement v cm 210 334 421 52.0 644 842
L2z
Waight m kg 47 53 56 6.0 &7 78 75106 67,9405
Flow 2 Gy Vmin 28 45 58 Il 88 16
Mass moment cf inertia kom? | 000086 | 000134 | 000167 | 0.00205 | 000253 | 0.00328
{around drive axis)
Speed range Min em 200 200 200 200 200 =t Type  Size Material No. L1 L2 H1 H2 s P!
o em 3000 3000 3000 3000 2300 1800
5 PGZ4-1X/020RADTVEL R901230020 1165 425 774 798 112t 1
Operating pressure,
absolute PGZ4-1X%/032RA0DTVES R901230024 1215 425 774 798 1124 1
— Inlat bar 0.7 to 2 (short-tima during start 0.5 bar;
P ¢ 9 } PGEZ4-1X/040RADTVES R3012300258 125 425 774 798 112 1
Nominal pressure
— Outlet, continuous  p, bar 15 PGZ4-1X/050RA0TVES R901230032 129 | 425 | 774 | 798 | 1wz |
Min required driving powar kw PGZ4-1X/063RADTVEL R901230036 134 425 774 79,6 1124 1%
—atAp=1bar, n=1,450 min™ 0.75 1.1 11 i1 1.1 i PGZ4-1}/080RA0TVES R901230040 142 425 | 774 | 798 | 112 1=
—atAp= 10 bar, 0= 1,450 mim! 15 22 2.2 22 30 3.0 PGZ5-1X/063RA07VES R901230044 134 | 485 | 729 | 781 2| 11
Sound pressure level at 0 - 15bar® dB(A)| S5 58 =7 59 50 = PGZ5-1X/080RADTVES A901230048 | 142 | 485 | 729 | 760 | 2 | 11w
" The cleanliness classes specified for the components must be adhered to in hydraulic systems. PGZ5-1X/100RADTVES R901230052 150.5 485 729 781 z 14
An efficient filtration prevents failures and simultaneously increases the lifetime of the components. PGZ5-1X140RADTVEL RO01230056 163 485 729 761 o= 1 140
For the selection of filters, see data sheets RE 50070, RE 50076, RE 50081, RE 50086 and RE 50088 -
2 Measured at n=1.450 rpm, p= 10 bar, and v= 30 mm%s
I Measured in sound-absorbent acoustic room at n = 1450 rpm and v = 30 mm3s
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Shaft Diameter Raotar Tip Clearance mounting nose. ’ |
2 [0 o

Dimensions acquired by this {1 ut i 7
Ratar Thickness Minirmurn M aterial Thickness method: ) ’ \m.s | i — i | ]
|39 |1 «Quter Rotor Diameter |

) ) *Eccentricity
bor Diameter  Axial Clearance *Rotor Thickness (using L1 and

|'1'3? Dresign | L2 dimensions on drawings)
Rotors

«Shaft Diameter (‘driving disk’)

Build of GDS model — Gerotor Design
5245 42542
=151 [ 7o acauire unknown P
e e _ dimensions, scaling of the - o 5 _— | FF
Language: =i [ Units: & mm (" inches provided drawings had to be || i i T % Ha }ﬁj’_‘j TIL:\
used. e s A e =
olume Fegd MHa. Outer Lobes For example, the rotor OD was [\ I ‘K § & _ and
|E4-2 |5‘ derived from the given o |2 JI Nj / o
dimension of the pump external g z|s 1 >L ] \LE g

<OlE
& NE
&
\ﬂé‘

751406 67.9:06

|
E coentricity Fadiuz lnner Root Quter Lobes 4
4.4 35 20 3
Drawing Resolution  Ouker Botor Fillet B adi Outer Flutpr
IE— |2— 402 Root Radius 1T
Clear Design |
5
Approx. — — - .
Capacity 84 4254 | |LtMin000mpm  x) 7 2 T - 6

Area Ratio 20.02 %3
Max Chamber Yolume 10524 mm3
Min Chamber Yolume 57.21 mm3
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Build of GDS model — Porting Design

’3 Port Design
— Porting Type

— Inlet Port — Dutlet Port
Start Angle |nner Badiug IE.EE Start Angle Inner Badius IE-EE [T Double Sided Inlet Part
[T Double Sided Outlet Fark

Start Angle Duter Radius IF Start &ngle Outer R adius IF ¥ Shadow Ports

End &ngle Inner Radius IW End &ngle Inner B adiuzs IW /lﬂl_ .

End Angle Outer B adius IW End Angle Outer Fadius IW thi;rrl-ln[gﬁ]ﬁrnwe I—

Inner Radius |35— Inmer Fadius a5 “width [rm] I—
4819 Depth [mm) I—

Actual Port Design was not known, therefore
the GDS ‘Design Ports’ feature was used to

_ |0 x|
Pt Fillet B adi / generate porting based on the gerotor
oft Fiiet hadl dimensions.
aDesign Yiew _I— _Il:l EI

Clear W alyés

Oluter A adiug |45_1 g Outer B adiuz
y4

/

Shadow porting is evident
from the sectional drawings

Rotate Gerotors
al of [ ]
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Build of GDS model — Fluid / Material / Pump Properties

i

Fluid Properties

hydraullc Specifications and Approvals

Hydraulic fluid HLP - mineral oil according to DIN 51524 part 2 Mobil DTE 10 Exce®\Series meets or 15 22 32

Please observe our specification according @ data sheet RE 90220 < xceeds the #ements of:

Other fluids upon request! Fluid Densitu [E l,n'|-|-|'ﬁ"3
Hydraulic fluid temperature range *C| -20 to +80, observe the admissible viscosity range! -2: 2006-09 X X X ¥ [ g ] 84?
Ambient temperature range °C| -20to +80 DIN 5152443 2006-09 X X X Kinematic l'\"‘iSCDSit_',' [CS t] |3|:|
Viscosity range mm?s [ 10 to 2000 150 11158 \-HV X X X
Frame 5= 3 Frame size oz JCMAS HK VGIZW (JCMAS P 041:2004) x Wapour Pressure mmHag) ||:|_-|
Size Size 20 32 40 50 63 80

JCMAS P 041:2004
Displacement v em® 210 334 421 52.0 544 842 ! Bulk Modulus [GFa) I'I i)
Weight m kg 47 53 c6 5.0 67 78 <§ﬂaxmth RE 90220-01 —— » X
Flow 2! ; Vmi & 1 1
low 9 mn | 2 % 52 n @ e Typical Properties Gerotor Material Properties

Mass moment of inartia

. - . J kgm? 0.00086 0.00134 0.00167 0.00205 0.00253 0.00329
{around drive axis) Mobil DTE10 Excel » 1 |Fner Outer
Speed range n pm 200 200 200 200 200 200
on 130 Viscosity Grade 15 22 32 ‘f'oungs Mod [GFPal IE'I 0 |2'| 1]
- pm 3000 3000 3000 3000 2300 1800 .
Operating pressure, Viscosity. ASTH 2 Poiszons Ratio 029 029
absolute 15.8 224 327 . :
—Inlet ] bar 0.7 to 2 (short-time during start 0.5 bar) . L
Nominal pressure a0 sor 663 Coefficient of Friction ||:|_-|
— Outlet, continuous P bar 15 /f Viscosity Index, ASTM D 2270 168 164 164
Min required driving power W / Brookfield Viscosity ASTM D 2983, cP @ -20 1090
—atAp: 1 bar, n=1,450 min! 07 11 1 11 11 : Pump Performance Bange
—atap= 10 bar, n= 1,450 min™! s 22 22 22 : e Brookfield Viscosity ASTM D 2983, cP @ -30 3360 }
Sound pressure level at0 - 15bar ¥ dB{A)| 55 56 57 50 62 ’ Speed Range [RPM] |2|:||:| ko |'| 450
Brookfield Viscosity ASTM D 2983 6390 1424[/
"l The cleanliness classes specified for the components must be adhered to in aulic systems. °C
An efficient filiration prevents failures and simultanecusly increases th me of the components. = PTESSUTE H EIr'IgE [bar] |1 tl:l |1 I:I
For the selection of filters, see data sheets RE 50070, RE 50078, h ldiiiai Bl T D 5 5 I
Viscosity Loss
2 Measured at n=1.450 rpm, p= 10 bar, and v = 30 mm3s —
* Measured in sound-absorbent acoustic reom at m= 1450 rpm and v = 30 mmé/s Density 15° C, ASTM D 4052, kg/L 0.8375 0.8418 0.8468 i Calculate

Perfarmance

Hydraulic Fluid Properties taken from Mobil 1 DTE10
data sheet (meets specification of Rexroth RE 90220)

Pump speed and pressure ranges taken to match

performance parameters from Rexroth technical
specification sheet e
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Build of GDS model — Fluid / Material / Pump Properties

IMPORTANT HEALTH, SAFETY, AND ENVIRONMENTAL INFORMATION
Relative Density (at 15 °C): 0.84
Flash Point [Method]: >175°C (347°F) [ASTM D-92]
Flammable Limits (Approximate volume % in air): LEL: 09 UEL 7.0
Autoignition Temperature: N/D
Boiling Point / Range: > 316°C (600°F) [Estimated]
Vapor Density (Air=1): >2at 101 kPa [Estimated]
Vapor Pressure: < 0.013 kPa (0.1 mm Hg) at 20 °C [Estimated]
Evaporation Rate (n-butyl acetate =1): N/D
pH: N/A
Log Pow (n-Octanol/Water Partition Coefficient):
Solubility in Water: Negligible
Viscosity: 32.5cSt (32.5 mm2fsec) at 40 °C | 6.6 ¢St (6.6 mm2/sec) at 100°C

From Mobil 1
DTE10 MSDS

\

> 3.5 [Estimated]

|

Oxidizing Properties: See Hazards Identification Section.

DTE_10_Excel_32

Properties of Mobil DTE 10 Excel 32

From www.wolfram.com website

This is a record with the media properties of Mohil DTE 10 Exce
Limitations

Ll mer e e TS e e aian

" Assumedvalue for the bulk modu
of 2.2 10 2.8e+5 P'si.

LIy =T EEs e

= Density measured at 288.2 K

ZTiydraulic oil.

actual value depends on the base stock (mineral oil), typical reference values

*Youngs Modulus from www.engineeringtoolbox.com
*Value is for high strength steel at 20-90°C

*Poissons Ratio from www.engineeringtoolbox.com
*Value is for high strength steel

*Coefficient of Friction from average of internet sources

(dynamic friction; steel and lubricated aluminium)

i

Fluid Properties
Fluid Denzity [Kgdm ™3]

—
—
—
fles

Gerotor Matenal Properties

K.inematic Yizcozity [25t]
Yapour Prezzure [mmHag)

Bulk. Modulus [GFa]

Inner Outer
foungs Mod [GPa) |21 0 |21 0
Poizsons R atio ||:|_29 ||:|_25|
Coefficient of Friction IW
Pump Performance Bange
Speed Range [RPM] |2|:||:| ko |-| 450
Frezsure Range [bar] |-| ko |-| 0

Calculate

| Perf
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Results — Flow and Drive Power

140
120
A| 116.94 litres / min
100 00
< o —— 450
£ 700
< 950
2 60
2 —— 1200
— 1450
40
20
0 T T T T
0 200000 400000 600000 800000 1000000 1200000
Pump Delivery Pressure (Pa)
Frame size 4 Frame size PGZ4
Size Size 20 32 40 50 63 80
Displacement v cm? 210 334 421 520 64 4 B42
Weight m kg 47 53 586 6.0 67 78
Flow 2 g, Vmin 28 45 5g 71 -3 C 16 Y

Mass moment of ineriia

. . . J kgm?2 0.00086 0.00134 0.00167 0.00205 0.00253 0.00329

{around drive axis)

Speed range [ - pm 200 200 200 200 200 200
[ pm 3000 3000 3000 3000 2300 1800

Operafing pressure,

absolute

—Inlet P bar 0.7 to 2 (short-time during start 0.5 bar)

Nominal pressure

- Outlet, continuous Py bar 15 o~

Min required driving power kW

—at Ap=1 bar, n=1,450 min™ 0.75 1.1 1.1 1.1 i1 14

—atAp=10bar, n= 1,450 min-" 15 22 22 22 a0 [\3o )

Sound pressure level at 0— 15bar ¥ dB(A) 55 56 57 59 60 N/

! The cleanliness classes specified for the components must be adhered to in hydraulic systems
An efficient filtration prevents failures and simultaneously increases the lifetime of the components.
For the selection of filters, see data sheets RE 50070, RE 50076, RE 50081, RE 50086 and RE 50088
2 Measured at n=1.450 pm, p = 10 bar, and v= 30 mm%s
*I Measured in sound-absorbent acoustic room at n = 1450 rpm and v = 30 mm3s

3500
2994 W

3000 /

2
g 500 00
= 450
£ 2000
E 700
8 950
8 1500 H 1134 W / — 1200
(o]
o P — 1450

1000

/ /
500 /

200000

400000 600000 800000

Pump Delivery Pressure (Pa)

1000000

1200000
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Parker Hannifin
Model PGG20010
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PGG200xx Pump Length vs Displacement

86 /
84
T y = 27.478x + 66.51
E® /
c
© 80
[}
& 78 /
£
S /
. 76
x
T 74 /
72
70 T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Displacement (cu in / rev)

112) =]

Displacement/Revolution Maximum Maximum
(Theoretical) Pressure Speed
Pump us Cubic Cubic Imperial
Model Gallons Inches Liters [Centimeters| Gallons Psl BAR RPM
PGG20010 .0010 .218 .0039 3.572 .0008 2000 138 3500
PGG20016 .0016 372 .0062 6.096 0013 2000 138 3500
PGG20020 .0020 .450 .0078 7.374 0016 2000 138 3500
PGG20025 .0025 .580 .0097 9.505 .0021 2000 138 3500
PGG20030 .0030 700 .01186 11.471 .0025 1500 104 3000
E Side Porting DIMENSIONS
MODEL NO. w Y
s PGG20010 2.86 (72.6) | 3.62(91.9)
b PGE20016 | 3.02 (767) | 378 (%.0)
PGG20020 310 (78.7) | 3.87 (93.3)
| PGG20025 3.25 (82.5) | 4.00 (101.6)
PGG20030 3.38 (85.8) | 4.14 (105.1)
S

*Series of pumps based on same basic dimensions
*Only dimension change is length (X and Y values)
*Conclude that rotor set is the same, only different in length
*Plot of Displacement vs Length shows linear relationship
*Theoretical ‘zero’ displacement is at X=66.5mm
*Therefore rotor length for PGG20010 pump should be
*72.6-66.5 = 6.1mm
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«Pump will undoubtedly have Nichols Portland Gerotor set Pump | Displacement X o
. Size (in3/rev) Dimension Delta "X Comments
*NP are part of the Parker Hannifin group
. . . . 0 0 66.5 0 F Iculati
-Examination of NP standard gerotor sets shows 2 likely candidates fom carerraton
. 0.218cuin for 6.1mm
for gerotor forms._ g . 10 0.218 72.6 6.1 length = 0.908cuin/inch
*4086 — 4 x inner lobes; 0.86in3/rev per inch of length
. . f3 . 0.232cuin for 6.1mm
*6095 — 6 X inner I_obes, 0.95in%/rev per inch of length 20 0.45 78.7 6.1 length = 0.966cuinfinch
*However, 6095 has minimum OD of 57.10mm )
. o . . . 0.25cuin for 7.1mm
*Likely not to fit inside pump housing (from scaling of 30 0.7 85.8 71 length = 0.894cuin/inch
drawings)
Nichols Portland Standard Gerotors and Specifications* A |Rear Porting
(Metric Units Table) 57.10mm rotor set would allow
Maximum Mominal MNominal 0.0,
Gerotor Ciperating Thickness Range tandard Wlinimum tandar: aximum nO Clearan Ce tO bOlt bosses.
Type Speed** Min. Max. Recommended*** Recommended***
(rpm) (mm) (mmj) (mm) (rmm) {mm) (mm)
6010 21556 25 91 20.40 20.40 5.10 5.10 Therefore assumption iS 4086
10010 17250 3.175 12.7 25.35 2217 7.95 9.53
5020 16000 3175 191 28.52 2852 7.95 7.95 rotor set is used for PGG20010
6022 14500 3.175 15.9 28.52 28.52 7.95 7.95
8030 11250 3175 159 32.05 3887 1270 15.88 (diameter 50.01m m)
10060 7250 4.8 31.8 57.10 53.92 15.88 25.40
6063 9000 48 318 50.75 44.40 15.88 17.48
4065 10000 438 31.8 44.40 41.25 12.70 12.70
4086 7850 48 3.8 50.01 50.01 12.70 12.70
6095 7250 438 s 57.10 57.10 19.05 19.05
12131 4500 6.4 50.8 82.50 79.32 25.40 44.45
4158 6250 6.4 349 62.81 62.81 13.79 22.23
14162 3750 6.4 kih | 101.55 95.20 41.28 53.98
6170 5500 6.4 50.8 76.15 72.97 25.40 28.58
6166 5000 6.35 349 76.15 76.15 25.40 28.58
4180 G000 6.4 349 66.73 66.73 14.30 22.23
6280 4250 6.4 76.2 101.55 95.25 31.75 38.10
8369 3250 6.4 16.2 114.25 114.25 44.45 53.98
8384 3250 6.4 44.45 114.25 114.25 44.45 53.98
10397 2800 a5 25.4 127.00 127.00 50.80 60.96
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Build of GDS model — Gerotor Design

=101 x|

Nichols Portland Standard Gerotors and Specifications”

(Metric Units Table)

Tip and axial clearances obtained from
Nichols Portland design guidelines

e . . o — omson B tomeaio] . .
Language: = [F9 Unitzz & mm ¢ inches Comtor - Opersting Tenes  ge S e | S Mo “Gerotor Selection & Pump Design v1.2”
(rpm) (mm) (mm) (mm) (mm) (mm) (mm)
6010 21556 2.5 9.1 20.40 20.40 5.10 5.10
10010 17250 3175 12.7 25.35 2217 7.95 9.53 - ..
Yolume Reqd No. Duter Lobes sz 1s0m0 s a1 mez e 7o 795 Operating Conditions And Clearances For Some
[0218 5 e me me e e Typical Applications
e —me 4 - on ax ww = Fligh Prsure Py
i i BT € ———T e .
Shaft Dlamete‘r Batar Tip Clearance L L e = = = Pressures: 800 to 1200 psi (5500 to 8300 kPa)
6095 7250 48 57.10 18.08 Speeds: 1800 to 3600 rpm {1800 to 3600 rpm)

127

Fatar Thickness

e

arneter

IEI.EIE

kdirirnim b aterial Thickne

Axial

12131 4500 _==t7 508 8250 7532 25,40 4445
CER . 6.4 49 62,81 62.81 1379 2223
3750 64 381 10155 95.20 4128 5398

6170 5500 6.4 508 76,15 72.97 25.40 28,58
6166 5000 635 319 7615 7615 2540 2858
4180 6000 6.4 349 66.73 66.73 1430 2223
6280 4250 64 762 10155 95.25 3175 3810
8369 3250 64 762 1425 11425 4445 5398
8384 3250 6.4 4445 11425 114.25 4445 53.98
10397 2800 a5 254 127.00 127.00 5080 60.96

0.5to 1.5 in*/rev

100 to 250°F

.0002 to .0012 inches
.003 to .005 inches
.003 inches max.
+.0008 inches

Displacements:
Temperature range:
Axial clearance:

0O.D. clearance:
Gerotor tip clearance:
Eccentricity tolerance:

(8.2 to 24.5 cc/rev)
(40 to 120°C)
(0.005 to 0.030 mm)
{0.08 to 0.13 mm)
(0.08 mm max.)

(x .020 mm)

Standard Gerotor Porting Information (see rigure 4)

—
Nominal Porting Dimersions

Gerotor Radus  Radis  Ecc Width Land land  Angle Port
Type B c D £ F G Area
(mm) (o nm) () (mm)  (degrees) (mm’)
s . . 6010 50 79 00 T 50 28 52.4 440
E coentricity Fadiuz Inner Foot Fadiuz Outer Lobes Tt s ar ome 1o er———a s 490
~ I 6020 66 108 1371 40 68 29 e 884

|2B1E ||£_.;| I‘|?? 022 73 15 1321 10 75 34 540 O —
T 8030 106 148 1321 40 [ 36 420 1381
1 17.3 226 1651 50 1.0 56 345 277.4
. . . " 6063 291 2286 68 126 a7 55.0 263.2
Drawing Resolution  Outer Rotor Fillet B adii Outer RO 1085 ——¢ T
F 129 2819 85 187 104 795 2065
|3 |3 125 21.357 Root R adius 6095 —tp—— 3.4 e B4 155 6.0 55.0 391.6
. . 12131 272 343 2286 69 14z 59 25 601.3
4158 15.1 z78 4191 126 222 118 715 5516
14162 341 412 2208 63 152 79 245 T48.4
. H 6170 181 307 3810 114 198 81 54.0 6923
Clear DESIgn | Calculate Profiles 6166 222 327 3420 103 223 146 sz 640.7
4180 146 202 4778 143 221 98 790 638.7
6280 25.4 3098 4778 143 261 102 550 11258
8369 349 195 4778 143 281 85 430 15723
l#NF]F]":]X_ I 8384 366 512 4775 143 297 94 430 1638.7
D 2359 ||:L,| |r'|.-'IHE'\\.-' i 10397 429 574 4343 127 274 104 345 1740.0

Capacity

Area Ratio

Max Chamber Yolume

Min Chamber Yolume

IN16 2%
954 mm3
2766 mm3

Rotor Thickness greater than calculated

6.1mm.

To obtain a displacement of 0.700cuin/rev
with this gerotor set, a thickness of 21mm
is required (i.e. for ’30’ size pump).
Therefore an assumption of 7mm was used

for this ’10’ size pump.

This gives a theoretical ‘over capacity’
(0.236c¢u in/rev) but will compensate for
greater leakage losses with a smaller
gerotor, so would be feasible for the actual

pumping elements.
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Build of GDS model -

’3 Port Design

Porting Design

— Inlet Port

Start Anale Inner B adiuz IW
Start Angle Outer B adius IW
End Angle Inner Radiuz IW
End Angle Outer Badius IW

— Outlet Port

Start Anale Inner B adiuz IW
Start Angle Outer B adius IW
End Angle Inner Radiuz IW
End Angle Outer Badiuz IW

N\

— Porting Type
[T Double Sided Inlet Port
[T Double Sided Dutlet Paort
¥ Shadow Ports

[ Metering Groove

Length [7]
Inner B adiuz |-| aq Inner B adiuz 129 width [mm)
Outer B adiuz |2-| R Outer A adiuz L Depth [mm)
/

=100 x|

Faort Fillet B adii

—

Clear % alu

/

Actual Port Design was not known, therefore
the GDS ‘Design Ports’ feature was used to
generate porting based on the gerotor
dimensions.

Shadow porting is not shown on any sectional drawings,
but is assumed based on the recommendation given in the
Nichols Portland’s own design guide

a Design ¥iew

=10] x|

. Rotate Gerotors

ol of [ o]
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Build of GDS model — Fluid / Material / Pump Properties

i

Only fluid property given in the Parker Hannifin product Fluid Properties
guide is a viscosity of 32cSt, for determination of the flow Fluid Density [K.a/m™3] 047
characteristics. K.inematic YWiscozity [c5t] |32
) . . Wapour Prezsure [mmHg] I
All other fluid and material properties were assumed to be 0
as for the Bosch Rexroth pump design B {Afzely s [ERe) [1.85
. . Gerotor Material Properties
Speed and pressure ranges taken to be consistent with the Inner Outer
pump performance characteristics published by Parker Youngs Mod (GPa)  [217 [210
Hannifin Paizzons H atio ||:|.29 ||:|.25
OILVISCOSITY:  Recommended viscosity 150 SUS (3.65 engler). Seziieiliel dien  [R]
(32 centistokes) Minimum recommended viscosity
B0 SUS (2.1 engler) (13 centistokes) Pump Performance Hange

Speed Range [RPM) |-||:||:||:| t-:||35|:||:|

Preszure Range [bar) |34 bo |-| a8

[Calculate
Ferfarmanze




Gerotor Design Studio

Parker Hannifin PGG20010: www.gerotordesignstudio.com

Results — Flow and Drive Power “
PGG20010 Pump 12
10
10 ——1000
< . —— 1500
o 35 £ 2000
= 6 2500
2 ——3000
2 —— 3500
8 30
2
7 0 . . . . . . :
25 0 2000000 4000000 6000000 8000000 10000000 12000000 14000000 16000000
= Pump Delivery Pressure (Pa)
6 E
@
z £
C_I'! 20 g PGG20010 GDS
g 5 2 Characteristic Results Results Difference Error (%)
o =]
i 2000 PSI [438,0 bar] g Sahar 125 1267 017 136
S 1500 PSI [103,5 bar] | 4000 i i i i i
! 27 1000 Psi [69,0 bar] 1] 15 500 T308vg @ ss00rpm 9.16 10.09 0.93 10.15
ar . . X .
500 PSI [34,5 bar] __ 3000
> s —— 1000 Flow @ 1000rpm
3 1D B = 2500 ——1500{|] 34.5bar 3.33 3.02 -0.31 931
-~ ~ 5
= - 2000
— P 10 E 2000 2500/[]  Flow @ 1000rpm
& _ _;"‘; - 1 % e ool 2380 0.25 0.4 0.15 60.00
2=8 g
= PR Y.~ e 1000 ——3500j[} Power @ 3500rpm
> = : - L - 34.5bar 973 1069 96 9.87
@ -
5
1 E 6 - | - S0 Power @ 3500rpm
= = P o ‘ ‘ ‘ ‘ ‘ ‘ ‘ 138bar 3252 3444 192 5.90
5 - - 0 2000000 4000000 6000000 8000000 1000000 1200000 1400000 1600000
_ 30\33‘\ 0 0 o 0 Power @ 1000rpm
\ \‘\3 ) . 34.5bar 324 246 -78 -24.07
0 4 “\ﬂ o Pump Delivery Pressure (Pa)
3 “33.5 par) Power @ 1000rpm
1500 F 138bar 1005 924 -81 -8.06
2 om0 PS! (690 barl
| — s o0
— | —
0
100 150 200 250 3000 350
RPM
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Miniature Gerotor — Fluid Power Research Laboratory, University of Turin, Italy

“Miniature Gerotor Pump Prototype for Automotive Applications” — S. Manco; N. Nervegna; M. Rundo; M.

Margaria
The Fluid Power Research Laboratory at Polytechnic of Turin, Italy

Presented at 3 International Fluid Power Conference, March 5-6 2002, Aachen, Germany
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Pump Specifications

ABS Specs

Displacement 0.17 cm’/rev
Maximum pressure 150 bar
Volumetric efficiency 85%

Fluid viscosity 2 ¢St

Assumed working fluid: DOT4 Brake Fluid

Very small Gerotor

i
Language: =i [F9 Unitz: & mm ¢ inches
Yolume Regd Mo, Outer Lobes
IIJ.1? |13
Shaft Diameter Rotar Tip Clearance
|5 ID.UUZ
Fotor Thickness Minimurn M aternial Thickness
|3.8 |2

b4 axirmumn Outer Rator Diameter  Awial Clearance

Known parameters:
*Required volume
*No. Outer Lobes
*Thickness

*QOuter Diameter

‘Design Rotors’ feature used to create
remaining design parameters

slterations of Eccentricity and Radius

FE] [0.01 EFJ‘efign | Inner Root used to bring Approx
otors . .
Capacity into correct range (allowance
Eccentricity Radiuz lnher Root Fadius Outer Lobes \@ some Ieakage IOSS)
Jos [7.25 |15
Drawing Resolution  Outer Rotor Fillet B adi Oluker Hotpl
|5— IF 075 Root Fadius

Clear Design |

Approx.
Capacity

{0.1848 ICC.-"HBV 'l

Max Chamber Yolume 16.04 mm3
Min Chamber Yolume 0.43 mm3

Area Ratio 1253 %
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Pump Specifications

DOT4 Fluid Properties

ﬂ Port Design

— Dutlet Port

— Inlet Port

Start Anale Inner Badius IEI.S?
Start Angle Outer Fadiusg Ig_?g
End Angle Inner R adiuz |1 £5.95

End Angle Outer B adiuz |1 ER.0G

Inmer A adius I?_EE
Cuter R adius IE-?E

Start Angle Inner Fadius IF
Start Angle Outer Fadius IW
End Angle Inner Badius Iﬁ
End Angle Outer R adius IW

Inner B adius 775
Outer B adius 875

— Porting Type
[T Double Sided Inlet Part
[T Double Sided Outlet Part

l

Shadow Ports

[ Metering Groove
Length [*] I
"Width [rm] I
Diepth [mm] I

=101 x|

Part Fillet B adi

—

Clear Y aluez

Ioix]

Fluid Properties
~ Fluid Denzity [Kg/m™3)

I'I 040

Kinematiz Yizcozity [25E]

W apour Prezzure [mmHag)

—
foom

Design paorts

Porting designed using GDS ‘Design Ports’ featurel
No shadow porting or double sided porting selected

Delivery port

Suction port

AXIAL COMPENSATION

Three sets of balance plates

not checked.

Content of part of the technical paper was to show
the effect of ‘balance plates’ on volumetric efficiency.
The balance plates allow high pressure fluid behind
the rotor housing to close the axial clearance gap at
high pressures (reduce leakages) — but it still allows a
rotor to housing contact, so is not the same as
shadow or double sided porting! Hence the boxes are

| Bulk Modulus [GF3]

erotor M atenal Properties

[Fner Outer
Youngs Mod [GPa) |21 0 |21 0
Paizzons Fatio ||:|_29 ||:|_29

Coefficient of Friction ||:|_-|
M

to {3000
Freszure Range [bar |-| 0 b |5|:|

Calculate
Perfarmance

Speed Ranage [RPH |15|:||:|

Values used are assumed the
same as for other pump designs
—no indication given in the
technical paper for other values
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Results

100

08 \‘-\f‘- ~_ g %
AN L ~ g —— 1500
g 88% ! \ & 94 1800
£ -
g ¢ / N N e 2100
5 ‘ / Ty
e Increasing load o V 2400
I =
5 0.4 T *GE~, 90 —— 2700
2 7. Comp. 50: 10 2 % —
|| ==Ax. -Rad. Comp. SO; 11 o
= = Ax. - Rad. Comp. S0; 12 U.4 = 0.57 @oU bar > 88
— Ax. - Rad. Comp. S0; 13
=4=Ax. - Rad. Comp. ‘SZ; 13 86

0 T
a 10 20 30 40 50 60 70

delivery pressure [ bar ] / T T T T T T
0 1000000 2000000 3000000 4000000 5000000 6000000 7000000
INFLUENCE OF RADIAL COMPENSATION

ISO VG 46 - 3000 RPM - 20 DECG

Pump Delivery Pressure (Pa)

P | ' T *GDS assumes the outer rotor remains concentric to the housing
bore at all times

*Therefore the results of ‘Radial Load’ compensation are

meaningless in GDS and the results should be compared to

the highest level of radial compensation tested in the

technical paper (assumption is this is closest to the

A R O 008 concentric condition)

== Ax. - Rad. Comp. SO0; 12

o
©

90%

o
(=2}

Increasing load

04

>
o
c
2
L
=
]
©
=
<
]
E
2
[
>

{ w=O=Ax. - Rad. Comp.S0; 11
Ax. Comp. SO; 10
~o=Ax. Rad. Comp.S2; 13

10 20 30 40 50 60
delivery pressure [ bar]
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Results

Torque [Nm]

0.8

0.6

02 [

1

TORQUE-SPEED CHARACTERISTIC @50bar; S0 - I3
ISO VG 46
Decreasing L
0.48Nm | 2m9Rl
0 s ~_>
J —4 ‘— Hydrodynamic
{; =
= _ P "‘—'—-—-____“ T —;k
Boundary Jub. regime
——T=20°C
=o=T =40 °C
000 1500 2000 2500 3000
Angular speed [ rpm]

Torque [Nm]

TORQUE-PRESSURE CHARACTERISTIC @1500 rpm

0.8

0.6

0.4

0.2

ISO VG 46

Boundary lub

regime

hydrodynamic

i\

|~
_——

Decreasjing Ll

20 30

40

50

delivery pressure [ bar |

60 70

0.8
0.7
0.6 + 0.55Nm @ 50bar ®
S —— 1500
%
s / ® 1800
> 2100
F 04 ®
e / 2400
(]
S 03 —— 2700
e 2 o
0.2 . / Data from
tech. paper
o1 pap
O T T T T T T
0 1000000 2000000 3000000 4000000 5000000 6000000 7000000

Pump Delivery Pressure (Pa)

*The values for drive torque are not as aligned as with the larger
rotor sets
*Slope of the line is different (see next slide) and would normally cut
the Y axis at 0 torque, however the results from the actual tests
show a torque of 0.14Nm at no delivery pressure
*Possibly cause is a high friction (seals or the radial
compensation mechanism used in the experiment) which is
not modelled in GDS
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Results JREETE 06
— | Fluid Properties ' °
Fluid D ensity [Kg/m™3] |1 040
Kinematic Viscosity [cS5t) |2 0.5
Wapour Preszure [mmHag) |g.gm //
Bulk Modulus [GP, —~
ulk Modulus [GPa) Ir c 04 —— 1500
Gerotor Material Properties £ —— 1800
Inter Oluter < [ )
Youngs Mod [GPa) IT W E 2100
Poissons Ratio ID_ g 0.29 8 0.3 2400
iz it (]
Coefficient of Friction g / — 2700
Pump Performance Hange 5 0.2 —— 3000
Speed Range [RFM) IW toW - A
Pressure Range (bar) |1D tolsg
0.1
5’"mEé'l'&':ﬂl'é't'ém
| Performance
0 1 1 1 1 1 1
0 1000000 2000000 3000000 4000000 5000000 6000000 7000000

Pump Delivery Pressure (Pa)

*The slope of the Torque vs Pressure line is directly related to the friction in the system
*Friction for a non shadow or double-ported pump is mainly dictated by the face friction

*By changing the value of the coefficient of friction in GDS to 0.04 the slope of the line is replicated, however the offset of 0.14Nm
still exists (other, non pump related friction as previously mentioned)
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Rexroth PGZ4-80

Parker PGG20010

Miniature Gerotor

BLACK text = Known Parameter for this study

RED text =Unknown Parameter for this study

LARGE text = Big influence on the calculated results

[4— Affects Capacity and Power Consumption

[4— High Influence for Volumetric Efficiency

[€— High Influence for Volumetric Efficiency and Power Consumption

[4— Direct influence on Capacity

[4— High Influence for Volumetric Efficiency and Power Consumption

— High Influence for Non Shadow or Non Double Ported Applications

for Power Consumption

Displacement 84.2 0.218 0.17
Shaft Diameter 42 12.7 5
Thickness 39 7 3.8
Outer Rotor OD 110 50.01 23
Number of Lobes 9 5 13
Rotor Tip Clearance O 1 0.08 0002
Axial Clearance 007 0.03 0.01
Eccentricity 4.4 2.819 05
Radius of Inner Rotor Root 35 12.9 7.25
Radius of Outer Rotor Lobes 20 12.7 15
Porting Geometry (detailed) NO NO NO
Shadow or Double Porting? YES YES YES
Fluid Properties YES NO NO
Material Properties NO NO NO
Coefficient of Friction NO NO NO
Speed Range YES YES YES
Pressure Range YES YES YES
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Rexroth PGZ4-80 BLACK text = Known Parameter for this study
- RED text =Unknown Parameter for this study

Displacement 84.2 LARGE text = Big influence on the calculated results
Shaft Diameter 42

Thickness 39 [4— Affects Capacity and Power Consumption

Outer Rotor OD 110

Number of Lobes 9

Rotor Tip Clearance 0.1 [4— High Influence for Volumetric Efficiency

Axial Clearance 007 [€— High Influence for Volumetric Efficiency and Power Consumption

Eccentricity 4.4

Radius of Inner Rotor Root 35

Radius of Outer Rotor Lobes 20

Porting Geometry (detailed) NO

Shadow or Double Porting? YES

Fluid Properties vES Very good correlation of results to published figures

Material Properties NO *~1% error for flow and power consumption

Coefficient of Friction NO *Rotor thickness not known precisely, but derived from scaling of given dimensions
Speed Range YES and other pump sizes in the PGZ4 family

Pressure Range VES *Tip and axial clearances taken from other pumps of similar size
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Parker PGG20010

BLACK text = Known Parameter for this study

RED text =Unknown Parameter for this study

LARGE text = Big influence on the calculated results

[4— Affects Capacity and Power Consumption

[€— High Influence for Volumetric Efficiency and Power Consumption

Good correlation of results to published figures
+<10% error for flow and power consumption

*Greater %age errors at lower value results (normal)

Displacement 0.218
Shaft Diameter 12.7
Thickness 7

Outer Rotor OD 50.01
Number of Lobes 5

Rotor Tip Clearance 0.08
Axial Clearance 0.03
Eccentricity 2.819
Radius of Inner Rotor Root 12.9
Radius of Outer Rotor Lobes 12.7
Porting Geometry (detailed) NO

Shadow or Double Porting? YES
Fluid Properties NO
Material Properties NO

Coefficient of Friction NO

Speed Range YES
Pressure Range YES

*Main assumption for this model was that a 4086 rotor set was used
*Values could be very different if a different rotor set is actually used!
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Miniature Gerotor

€— High Influence for Volumetric Efficiency

[€— Direct influence on Capacity

for Power Consumption

Displacement 0.17
Shaft Diameter 5
Thickness 3.8
Outer Rotor OD 23
Number of Lobes 13
Rotor Tip Clearance 0002
Axial Clearance 0.01
Eccentricity 05
Radius of Inner Rotor Root 7.25
Radius of Outer Rotor Lobes 15
Porting Geometry (detailed) NO
Shadow or Double Porting? YES
Fluid Properties NO
Material Properties NO
Coefficient of Friction NO
Speed Range YES
Pressure Range YES

BLACK text = Known Parameter for this study
RED text =Unknown Parameter for this study

LARGE text = Big influence on the calculated results

Possibly too many unknowns for accurate simulation...
*Actual tip clearance not known but assumed very small
*Small gerotor size means incorrect data can have
bigger influence on the results, especially at low
speeds and flows
*Study with actual gerotor set included radial
compensation via application of load to the outer rotor —
affects drive torque significantly
*Coefficient of friction not known due to little detail on
housing material and unknown influence of ‘balance
plates’
*General ‘trend’ of results is still valid, if not
absolute values

€— High Influence for Volumetric Efficiency and Power Consumption

[— High Influence for Non Shadow or Non Double Ported Applications




