Wobble / Nutating
Plate Pumps

Project(s) review

By Lindsay Dalziel, Design Director of

Descgne SMART® Lrd

Innovative Mechanical Engineering
www.DeségeSMART.CO.nZ




History of Wobble Plate Pumps
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All these above designed without modern CAD/CAM & Simulation tools, however from
what we know now this would have limited their progress, IP drawings shown above
are from the 1950’s & 1960’s. They all utilizes the slant axis principle which has been
around since 1896, (the oldest IP that we discovered).




Wobble Plate Pumps, the NZ History

2 Was firstly know in NZ as the Parker
Pump, named after Alf Parker, an ex
British World War II Royal Air force
engineer who immigrated to NZ.

< This slant axis mechanism was
adapted by Parker into a Vacuum
Pump in New Zealand in the 1970's
(without CAD CAM).

< He lodged his first Patent in 1976, his
last in 1998 just prior to his death.

< Parker ran his pump(s) oil lubricated
(as a sealing agent) rather than as a
dry running vacuum pump.

2 Vacuum Pumping Systems, partnered

vy
b i

N

with him in 1995 & converted it into a NS

non lubricated dry running Vacuum XKoo ]

Pump & continued the development. N ((/g.'hi\g g
2 SwashPump Technologies then took \}\ 2 N\

the IP & made significant inventive
step to the IP between 2007 & 2017.




Resources used during recent NZ development

SolidWorks 2002 through to SolidWorks 2016.
SolidWorks Simulation (FEA) in all of the above.
SolidWorks PDMWE, 3 full users & 3 contributors, (2007 to 2012).

SolidWorks Motion / Mechanism design, re dynamic balance.
Also Industrial Research support in the early development.

O O O 0

O

CFD support from Paul @ Matrix Applied Computing in 2008,
using STAR-CCM+ from CD-adapco.

NC manufacturing & tool making by RPM and Axiam Engineering.

O 0O

Injection (over) moulding by Galantai & Absolute Plastics.

< CMM QA support from Brendan @ Axiam Engineering,
who are also SolidWorks users.




Wobble Plate Pumps (NZ) History continued
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Ni-Resist Iron Pump
1500 NI/min
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Vacuum Pumping Systems SwashPump Technologies Future ?

Target, Milking Systems Target, Petrochemical



Vacuum Pumping Systems, Version 03 Pump

500 mbar 1500 NI/min Vacuum Pump
Target market was milking systems (2004)




The Version 03 (Vacuum) Pump Design

Typical Version 03 Pump, Exploded Assembly View

(1) Body Parts
© shaft/ Swash Assembly Parts e
© Piastic Seals (replaceable parts) | . SE e e




The SwaShPump Team oo

US President
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& Logistics
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Typical Development Process

~ Concept Detail - -
) Design - Design ‘ )

» Design Document > CAD Models » Final quote » Test Setup » Initial Testing
» Objectives » CAD Assembly » Manufacture » Testing, based Report
» Scope » Materials Spec » Assembly on agreed > Initial Analysis
» Concept Model & Codes » Acceptance Variables » Iterative Testing
» Whiteboard i» Tolerance Stack » Possible agreed Report
» Geometry i3 Final drawings minor product » lterative Analysis
» materials i & ParaSolid change
» Calculations 15 QA Drawings & > Possible agreed
Analysis ParaSolid Test Iterations
» CAD, Basic 5 |pjtial Quotes
geometry
» Test Plan
Go / No Go

Milestone




The SwashPump PDMWE workflow

' Auto Rev Grouss
" SRS 1-In Review Eng 1
* 1 2 - Obsolete From Design Eng 1
: 3 3 - In Design From In Review Eng I
In S 4 - Obsolete From In Review Eng I
* 5 5 - Released For Quote Eng A
7 6 - Obsolete From Quote Eng A Fin A
Released For Quote l_ 7 - In Design From Quote Eng I
8 8 - Released For Manufacture Fin A
Releasad Foi MaRiifactiire IlO 9- Obsolet.e From Manufacture Eng A Fin A
10 - In Design From Manufacture Eng I
11 - In Design From Obsolete Eng I

Obsolete # Groups Key

Eng I = Engineering Internal

Eng A = Engineering Approver
Fin A = Financial Approver

Note revision control of part configurations was done via revision management
of drawings (only) each drawing created from specific part configurations.




Improved SwashPump PDMWE workflow

_ Auto Rev fixaaana
0 SRS 2 1-In Review Eng 1
* 1 \ \ 2 - Obsolete From Design Eng I
: 3 3 - In Design From In Review Eng I
A Review 4 - Obsolete From In Review Eng I
* 5 5 - Released For Quote Eng A
7 6 - Obsolete From Quote Eng A Fin A
Released For Quote '_ 7 - In Design From Quote Eng I
* 8 8 - Released For Manufacture Fin A
T T — |10 9- Obsolet.e From Manufacture Eng A Fin A
10 - In Design From Manufacture Eng I
11 - In Design From Obsolete Eng I

Obsolete % Groups Key

Eng I = Engineering Internal

Eng A = Engineering Approver
Fin A = Financial Approver

Note revision control of part configurations was done via revision management
of drawings (only) each drawing created from specific part configurations.




SwashPump Version 05 Liquid Pump Assembly




SwashPump Version 05 Liquid Pump Motion

-~ ARCAD
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The Swept Volume / Important Dimensions
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1) Outer Swash Diameter

2) Inner Swash Diameter (Hub Diameter)
3) The Cone Angle (Angle of Nutation)

4) Swash Thickness (subtracted volume)
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J .
Nutating &) \/acuum Application | yaves&
Plate Pump

Mechanical
(non rotational) Swash v Roots Seals O

Valves (Reeds) can be fitted at the exhaust ports < SwashPump Flow

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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2 Roots Pump Flow
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Drive Shaft Angle

olume cc

1500 Swash Current
Pump Technology
Position 3 Position 4 Volume \Y; \Y;

NI/min

Position 1

Position 2




2 \
Shock Free
. Low Leakage
Co_m pression FIOW & Lea kage Low Thermals
(sinusoidal)
The Smooth Shock free sinusoidal compression from S The combined

both Swash pumping chambers combine as shown

Change in Volume c¢c
= = NN K =

Rate of Volumetric Change - Both Chambers

Change in Volume cc
e S HUEHEs8S B8R

190

12 20
Drive Shaft Angle

Rate of Volumetric Change - COMBINED Chambers

Combined pumping chambers
gives a constant pulse free
volumetric delivery

180 40
Drive Shaft Angle

Al

« 3
i

s

1 .
2 seans
e
s .
3. vseane
¢ ssteata

‘\'./‘

smooth shock free
compression of the
SwashPump gives
a constant flow
beyond the valves
< CFD modelling of

the Swash to Cone
air leakage velocity
shown, lower right

hand image.
150(_) Swash Roots
NI/min Pump Pump
Volume V V

Thermals T 14T




Mechanical Seals Mechanical
Sealing Vanes

Seals

2 The Sealing Vanes were introduced
to ascertain what performance
improvement would be achieved.

< Cost / benefit was marginal.

-/

Sealing Vane End View

=g 4h
A j b

alie —
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The Swash Sealing Ring

An Important Mechanical Seal for pumping air / gas

Mechanical

Seals ( )

Sealing Ring Version 03 Pump Design

The Sealing Ring
has a 350° arc

The Sealing Ring is
Energized with a
Rubber Backing Spring




The Trunnion Bearing

Friction surfaces Load type Distance / cycle

Average Velocity

Trunnion to Divider Perpendicular 180mm

Average 3.5m/sec

Swash to Trunnion Radial 12mm

0.23m/sec

Trunnion Forces

The Trunnion acts
as both a Seal &
Bearing as illustrated




Trunnion Serviceability

Loosen 6 Fasteners

Remove Divider

Retainer (Body Top)

. Remove Divider & its
attached Seal

Remove Trunnion

from Swash Plate

Replace Trunnion
with new item if
required, Reverse
Steps 1 to 4.

19



Exhaust Reed Valves

Required for higher than 300mbar Vacuum applications

Mechanical
Seals

2 Carbon fibre Reed valves 03 Pump External View

Exhaust Valve Enclosure
integrated on Cone Plates




LO4 Liquid Pump, Exhaust Analysis

S Swash Plate Liquid Pump geometry
options analyzed in exhaust region.

< Reduced peak fluid velocity

2 Reduced fluid kinetic energy

< Reduced max static
pressures

f &

Trench

>Green arrow = direction
of fluid during
Scallop compression cycle

SPurple arrow =
direction of fluid
discharge through port

Chamfer

21



L04 Liquid Pump, CFD Exhaust Analysis

Velocity: Magnitude (m/s;
0.00000 2.0000 4.0000 6.0000

270 degrees 340 degrees




SolidWorks Simulation, where required

Model name: 1008 Swash Plate Option 4
Study name: Study 1

Plot iyps Static displacement Plot1
Defarmation scale

URES (mm)
003
0g2
002

.0.02
002
0.02
ool
o
001
0ol
0.00
0.00
a.00

) [x]
lzmc-o:-za, Swash plate design

betlection under ©.08. I75NM 4 pressure TOKPa
Ni-Resist, E = 150 GPa, Poisson's =0.28

2006-02-29 01:25 PM

|

R008-01-12 Gibarco LOS5 shaft anslysis , Loads & mesh
Medum cardbon stesl. E= 208 GPa Passces 0 28 Yieid
Birength = 450 MPA

200, Tawe § Wote 16 Sgh
% Pen's * 039
Sk s

Maekt e Saxing g
Shaty e Sty
Pt typa e raded shwan Pledt

o Ty
W tovcrmrtt (om ae |
R rare iy pakien

2008-01.12 Gilbarco LOS shaft analysis . Von Mises
streas under belt sip presewre of 800 KPa

<>
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Dynamic balance of a Nutating (Wobble) Plate

Swash Plate AO5 = 10° Slant

Series 03 Swash Plate ~ Series 03 = 15° Slant

Size does matter! & Slant (travel) angle



Dynamic balance of a Nutating Plate

'MW l_-n = - -

CEime™1 com ][ cose ][ gowors. |[8
Output coordinate systam: -~ defaut --

1008 Swash plate CopySLDPRT ||

Selected gems:

Tlinchade hidden bodies/components.
[¥ishow gutput caordinate system in corner of window

| |assigned mass propertes

Mass properties of 1006 Swash Plate Copy ( Part Configurati »
Output coordinate System: - default -
Densty = 0.007 grams per cubic millimetar
Mass = 8311924 grams

Volume = 1164777.969 cubic milimeters
Surface aren = 20815527 milimeters 2
C!ﬂ;f of mass: ( mllimeters }

= 0000
¥ = 0000
Z=1145

Series 03 Swash Plate

Weight / Mass Reduction

So obviously Mass / Weight matters!




Dynamic imbalance calculation methods

Simple Flat Disk Method
C=731%/ phw? cosOsin0O (r,*-r#)

h = thickness, r, = Outer radius, r;= Inner radius,
p = density, O = angle, w = speed (radians/s) —
C = nutating imbalance in Nm delivered to Shaft

or simple 4 Lump Mass Method

A close approximation method ,
As suggested by Lan from IRL see next slides
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Dynamic balance of Large 03 Plate

inchde hidden hodies/components
V! show gutput coordinate system in corner of window

1"\ Assigred mass properties

Mas properties of 1008 Swash Plate Copy ¢ Part Configurat
Output coordinate System — Gefaul —
Densty = 0.007 grams per cubic milimeter
Mass = 2247394 grams

Volume = 209652.482 cubic milimeters
Surface area = 112407.913 milkmetorsA2
(!nﬁ;l‘ of mass: { milimeters |

Y =102
Z=T0a94




Dynamic balance of Large 03 Plate

» 4 Lump Mass (Close Approximation) Method
/4 Mass of Swash = 2.13 kg

effective radiusr = 0.10 m

Distance d = r x sin 159 = 0.0259m

Speed (1500rpm) w = 157 rad/s

Acceleration = d w2 = 0.0259 x 1572 = 638 m/s?

F=ma =2.13x638 =1358.9N

Nutating Imbalance Couple =2 rF =2x0.1 x1358.9\= 272Nm

> This was a significant imbalance for the total mass of 03 pump so
we compensated for this within the pump.




Dynamic balance rectification of large 03 Pump

Left side

7077,

SECTION A-A

I

Right side
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Dynamic balance of the small A0O5-V4 Plate

¥ 1
WP PO (<< Dhuphy Stk 1 +|
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e 5 AR TROE e

Viehave = A0S0 o ibenees

=T #1001 Conk
£0/10 Machioest”{ 311030901 |
$o 1 Tmurn

|| Comie o rvn: | memenes

@ 5 Doty S 2

PR 3

X = 02437

-

&0 Mass Properties

= XS

Centre of Mass

[ Print... H Copy ]l Close

] [ Options... ] E

Output coordinate system: -- default --

& its Radius for

Selected items:

SP103090-01.SLDPRT

the quadrant

[ Include hidden bodies/components

[T] Assigned mass properties

Output coordinate System: -- default --

Mass = 256.2783 grams
Volume = 35594.2048 cubic millimeters
Surface area = 10225.0059 millimeters*2

Center of mass: ( millimeters )

X =00134
Y =19.0172
Z = 189017

< | {0

Show output coordinate system in corner of window

Mass prope&ies of SP103090-01 ( Part Configuraiion -10) -

Density = 0.0072 grams per cubic millimeter

m




Dynamic balance of A05-V4 Plate

> 4 Lump Mass (Close Approximation) Method
/4 Mass of Swash = 0.256 kg
effective radius r = 0.027 m
Distance d = r x sin 10° = 0.0047m
Speed (1500rpm) w = 157 rad/s
Acceleration = d w2 = 0.0047 x 1572 = 116 m/s?
F=ma =0.256x116 =29.7N

Nutating Imbalance Couple = 2r F =2 x 0.027 x 29.7(1._6@

v
> This is not a significant imbalance for the total mass of A05 pump.




A05-V4 SwashPump Horizontal X-Section
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A05-V4 SwashPump Vertical X-Section
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A05-V4 SwashPump Petrol Vapour Recovery

California has
been using active
Vapour recovery
since the 1970’s

\" ---.:..-_.~..¢.,\_,‘._ ~———

I COAX HOS A Rubber boot

around the nozzle
helps capture the
expelled fumes

';».';,A\J.I
| ‘ ;

UNDERGROUND TANK
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QA - Body Drive Motor Mount, Parallel faces




Drawings & QA

. [ : |

3 l s ﬂ 5 8

[ o

— Labet Trials to occur

Nl

84.5 £0.15

Drill @5.0 - 20 Deep
Tap M6 18 Deep

EEEEE .

Previously machined cylndrical face
to transfer concentricity from this side

Planar Datum K to the Intemal machining on the

62.5 0.2
==
-
|l !
g

=101.8 +0.1 =

-Places in total é 41M sidewallofsiof . gpposite side, can be Painted later
" = |
=] E—
+H //
1y 7
o T

= M o = 7
| ol = A
- © /
i i/
4 x M8 x 1.25 6H i

4.06 +0.02

A >
[L]o.03]6]

2.03 £0.015

SECTION D-D

Cone Insert to be pressed into a
pre-machined pocket before
the co-machining of all other faces

42.020.1 CMM
[//]o.03[D
G B

Light Blue & Purple colour
faces represent Final
Machined Faces including
the Cone Insert whose
machined faces are

70.7 £0.15

== ‘l_.

90° iO 03° > |
NOTES:- A

1. Refer 3D Step or ParaSolid file for exact geometric description, ensure correct file ravision.
Lastissued 30 data file tile = SP103087-01_30-Q002_Body Drive Final M-C 2013-08-25

2. Refer to drawing SP103088-01_20_Q001_2013-09-19 for Casting detass.

3. Refer to drawing SP103088-01_12_ 0001 _2013-00-25 for Indial (pre mng uf Cene |nseﬂj Maemniug operations

4. GD&T for CMM use. exact p of this di checki

5. For inspection dimensions refer curent QA spread shest for di

PCD 144.0 £0.1

7]

1
ZONE | REV. DESCRPTION |
| @002 |c=stF=0v=ruummmsm Top Mounting daed, MB hoe thread 1o 18mm deep - 2012-06.25 |

For Trial Producllon (As Directed) - Dated May 2015

@—{ Purple
"
= L‘ 88 E
H (] o o
|- i T -
8 | S
" ?
| - S
V Ll Mactine flat Pad 7\
?5 » 0.5 mm deep for
%~ _|— Drill 5 Hole Part ID and
Tap M6 - 18 deep Traceability info
- Places in Total Text as shown

remove the

Datum D
Flat and

to G over ®

‘Wiew of External Faces or
Inifial {15t } Machining "
refer Drawing SP103088-01_12 |

may be able to

pin holes shown for
Label Plate?

3 drive

Parallel

4 Pads

side

CAN S U387 30 Res
FILE NANE 7 103067-01_%0 sioaw

T

oy
P AT o S AR AT
ISR

|
This revision Q002 g also for Production Planning, the CHECK dii ]
WATERIAL: Ser gorts WTE: | ©
FINS Machins 22 or tofler oriwss ied | MODELED| 875 | S008.052 SwashPump Technologies Ltd r
| TREATMENT: 5ee parts DAAWN| 18D | 1oy |TTLEET
ldenuﬁcahom method. PROTECTION. 46 machned CHECKED: ﬁ :;«:: BOdY Drive Final MIC 2013
] Rl J2EET sp103087-01_30 | Q002

HET . Svnshqu; com
3

Dllzx Tol6

, | | ’ |

P J s

Released on 2013-09-25 4:30:00 p.m. Rel

7

d for Prod
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Drawings & QA

-

¢

i 0.00
©126.30 -0.03 CMM

Re-Checked 2015

[[M001 ] |
©76.5 £0.1 (10" inside this ©) start of extra clearance

NOTE:- To be
052.37 £0.02 for USA PPA Seals
|

[M001 i
©35.05 £0.02

Ol003[H]1]

- [Olon[E]
H]

0.8 £0.1 X 45°

/
See sheet 2 for further Double Cone 0.5+0.2 X45° /
angle éproﬂle details, also see NEW
sheet ard to Plastic Insert
Cutter / Material Bounce issue. = o8
o n

with r

0.01 CastFe
Plastic Press Fit

W,
007/

0

12.0 £0.1 CMM

Face see Drawing SP103088-01_12
20.0 £0.1 Previously Machined
~—123.0 £0.2 Wave Spring Bore #)52.5
Ensure casting result edge clean

29.9 £0.5 results from casting

f 1
38.6 £0.2
fl //j 36 103

42.0 £0.1 CMM

RO.2 0.0 note Bearing
radius is 0.3mm

/

Bearing Shouldery 49 § 40,1 cMM [ M001 | Tol Change

—151.0 0.2 CMM

Bounce (allowance) issue.

Note these Dimensions were
used last build in 2011, see

©32.00 -0018 _|_ 570.02[E]

SECTION B-B
Also Note:-

©52.37 + 0.02 mm Bore Dimension is for use with USA sourced PPA
52,24+ 0.02 mm Dmension to be used ONLY f a PPS (PolyPlastcs Fortron) Spherical Seals are fo be used, 2 8 Checked
Should still be the case but to be re checked due to Over Moulded core in the Cone Insert part,

62.5 £0.2

11.0 £0.6

Refer Sheet 1 for further notes and revision information

herical Seal material, used for current Production units, 2 8 Checked.

For Trial Product/og (As Directed) - Dated May 2015 )

sheet 3 spreadsheet and This revision QOO2 drawing also for Production Planning, the CHECK diime need final app
sheet 5 with regard to historic TARD ANGLE B ] [Wisuoens WANE | DATE: [& cormore s

b : PROJECTION T/ S| [FINSH MachneZ4um tr betler rbss noted | NOOELED] 895 | x0sce2s | SwashPump Technologies Ltd
Plastic Insert Cutter / Material CRAVIN 70 NZS "l’LS"’!‘E’l];"\I')%ﬁde'CA'LEJ TmRE l’“"&‘ﬁf’s&’:hﬁ"{ o TDRAVN] o | mtimar | Srump [enoogrs W

MASS: 2018 145 g

FRoTECTON Te e = == "Body Drive Final M/C 2013

i | ] v T T T
2B Checkedin 2015 | DETAIL J | M00i | o e e s e SP103087-01_30 | Q002
[FLENAME Soiomaror_wsomw | COLOUR Nelhophease - SIARASEISIE T www SwashPump.com | sneeT-2065)
! I [ S | + s [ B m
Released on 2013-09-25 4:30:00 p.m, Rel d for Prod P
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Drawings & QA

5 [

: f

7 ¢

5.108 £0.03 CMM can calculate as

+0.05 - »
005 200000 [MOOL | " iscussed to theoretical Cone Apex | P U TN
14.10 -0.03 - — - 1 '
A . f 7 a
%\ { |"'W——__
o o Moog
. s 2 1 5.03 +0,03 "
T — O P ——— tO
= ol [ 2|l e 2 Sohere gy
1 £ w S R
© ~| |8l ks S :
S ol |8 § o
=/ |8 i E
= \ o
§ 8 \ & Cone Point A
=l 1S & (10.133£0.03 )
o| |= % |
of ~ 2 MO0
2 Cone Point B
w ((11.544 £0.03 ) —~
\/ | | - .
— = = o ‘ ~—]
\\\\\\\ (12560 £003) ©84.0 measure / [ | T ©57.0 measure
L Cone on casting , i ! \
,, Cone Point C = ~2N=ON 25N | \ \__ Cone on Insert
L+ = |
I i _J [Mooi] 7107.0 measure ,'I | %73.0 measure )
U | (14619 20.04 ) Cone on casting | | Cone on Insert
. - Coyge ot D Suggested CMM cone measurement methodology above
as used at Axiam, June 2011: i
-
o (1) For the cone angle calculations use a best fit cone on
S S z‘ the probe points generated off the 6 radial lines as shown
— | 10° g = at each of four concentric diameters, hence a minimum of
c ( o O 24 measurement points in total. The angle of the resultant
1035, © ‘ best fit two cones is then the average angle across each of |
R1+01 | = the two conical surfaces, Plastic & Cast Iron surfaces alike.
| ) Please rgort the two separate cone angles for both
SECTION A-A ] lastic & Cast Iron. Also report the average Cone Face
/ ?Mlhﬁsso -.!:0.03I depth on all PCI)PsI for bolth the P:ﬁaatﬁlc asems De& Pt%ast lrond
i outer surfaces. Please also graph the Cone S aroun €
DETAILC | & il I]o?"‘ the clock face as per latest MP?I work @ Axiam October
f ® 0.03[H 2011. This actuao%highlighted part distortion from over
! [&]o1 [G] pressure of the holding jaws during machining which was
L resolved.
2011-10 Cast Iron Angle[ MO0 | 10.15° +£0.03° CMM — Refer Sheet 1 for further notes and revision information ||
= = For Trial Production (As Directed) - Dated May 2015
Cone Depth Positions Nominal This revision Q02 drawing also for Production Planning, the CHECK dimensions indicated need final approval,
Plastic Cone Depth @ A 57 PCD | 10.133 I~ 10.00° Plastic Co PR ’F/\' :_H‘ mgmﬁnummm' MOCELED. “:si xﬁa?washm:n: Technologles Ltd )"
Plastic Cone Depth @ B 73 PCD | 11.544 | TR astic Cone SRR 7O HEAS TI0 DONGTSTALE | TREATHENT S pais ORAAN, _iop | oy [MILED dy Drive Final M/C 201'37 7
Tron Cone Depth @ C 84 PCD | 12.560 . [ MOOL] e - iRy o T
- 10.15" Cast Fe Cone YTy = : % SP103087-01_30 | Q002
Tron Cone Depth @ D 107 PCD | 14.619 =~ st St
' I 2 [ 3 \ 4 U 5 e | 7 B
Released on 2013-09-25 4:30:00 p.m. d for P Pl g
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WDT Motor Base Bearing Concentricity Problem

: T T ] . 0 : [ . [ ; | :

1.5 m/c allowance

Notes:
N : 1. Die-casting part number 10211520
i o [a] F 2. Refer shest 3, for Important GDAT dimensions, & the MIC operations order!
3. Inspection dimensions are shown framed.
A 4. Any dimensions not shown (or shown as reference) are cast dimensions. A

5. Refer 3D CAD export file for exact 3D geometric description & NC tool path programming.
Ensure 3D file revision level is compatible with pdf drawing Revision. by appropriate file name.

P

N— Ref G Large Bore RELEASED FOR —
QUOTATION

Pink shows machined faces

This issue was not
Picked up until it was
- CMMed at Axiam

Machine this side second:-
Locate on Bore Datum B Clamp on A

Suggested M/C order:-
| oz 3/ M/C large bore, Ref G
QS & SS 4/ Then thread for Cover, at Ref F
c e o 5/ Then Boss outer for Stator, Ref E c
Machine this side First:- 2 = 3 6/ Then Central Shaft Bore, Ref D
As single setup, hold on Casting @ F. = T — S 2 7/ M-C @ 28 Bearing Bore etc, Ref C
1/ M-C 4 Clamp Face Mounts datum A © /M : g, 3 ©
. 2/ Then Body Drive spigot bore datum B // S — ] 7. L
Datum B __ // / — S
Body Drive Spigot Bore //// / - = _—
’ / / . ) Central Bore |°
| ‘ . /7 |
/// | Ref F
M-C Cover Thread Ref G
—— SECTION A-A Eige e
Important GD&T Dimensions Shown
Wire Entry Bores & Earth
machine in Separate
setup @ 10° offset angle UNLESS SPECIFIED  |rvimo ANGLE MATERIAL: See casting drawing NAVE | DATE | © corvair ™
. %’Z:’,‘ 535,'55“ MMhe | ProsecTion . g FINISF: Machine where shown {6um UN.O. Mog% BFS | 200 0a20 | “S'washPump Technologies Ltd @ | -
05533 :g?g a:A;\fN‘r:f:SHw DO NOT SCALE :s?ﬁm:s:ﬁzlmMmang ‘;"‘DEf-j;.A:ED1 LBD | 2011-05-12 Motor Base Machlned
Mount Faces S R ceessw e TR Doos
FILE NAME: 10211510504 COLOUR: Not Appicable ser N rEmzcn <esmics (ST www.SwashPump.com | sHeeT:3 of 3
1 [ 2 [ 3 s U s 3 7 ] s

Released on 2011-05-25 2:30:53 p.m. Released for QUOTATION




CMM of WDT Motor Base Bearing




Drive Side Body / Motor Alignment check

We made an Alignment verification Jig at Axiam, so we could double check without CMM




The Manual Drive Shaft Jig(s) in Cross Section

Full Production manufacture would be on an NC grinder with hydraulic self centring collets

Note two Jigs are currently used:- 2 X Precision Locating Bores @

1st for Initial Turning of Slant End the Deep Groove Bearing Positions
Before Case Hardening.

2"d for Final Precision Grind of
Slant End after Hardening and
grinding of the 2 Precise Deep
Groove Bearing Diameters shown.

’V Was Pulled
Back using
M6 Screw

' Pulled Back onto this
Precise / Exact Depth
Face For Final Grind

SECTION A-A



Shaft also needed QA with CMM

' 2 3 [ N n s I ] T .
149.9.£1 Ref, Over Alllength _
Is created at the mid point of the closest Axis's — (90/108.3+0.5 Ref
— offset distance normal to section plane A-A, 31 100203 Ret
A (5 Axis 05 & 22 intersection needs to be within = »
Lo radial sphere tolerance ofO‘Ome‘; Zos ._tj.'j/ 78.9 +0.2 Ref
! 34 758205 Grind Result Infersect ith Conical face
62.540.5 Ref to Fillets inflection Point
9 3ret| (36 1 10£0.2 Ref
c P H | E
8 £y 30 A "
L:- B D | &z
A = | :
. - . | S
N \ N R NN e
: N s
2 2NN
g ®) D : .
‘ %} 1) _@12.5%0.05 Ref G8) <
— [ @14.988 +0.005 13.520.3 Ref A
@
$19.95 +0.05
= B SECTION A-A —
— | [Eloozlad 5,99 40,01 ]
o Ra Grind (Needle Roller @) o
& /" Running Surface) . 6/RE{ (viton Seal (@n)
¥ (o} .
= - - Ra ol
fl}:s/]\:@!i A 0 g oD
] il Vil il }— ]
—ffp— =]
; 1 i .
Supplied Part Machine finished to Ra 1.6um all over or better
Note:- ) ) ) . Grind / Lap to Surface Finish as shown or better.
1/ Refer 3D CAD STEP or Parasolid export File for exact geometric description,
|| Ensure correct export file Revision, refer lower right comer of drawing sheet. ||
I T N
upplied Part Case Hardened to oa of imm or better. To is! .
Ground inNZ. Radial grind depth allowances on this part are 0.1 or 0.125mm, QA Drawing refer also QA spreadsheet - Dated 2014-10-21
4/ Slant Shaft Angle Tolerance on supplied part (after Heat Treatment) can be +0.1" SRTERIAL B0 o TR TNwE | DATE. O e o L
; with ref to datums A-B. Refer machining / pre grind Drawing, = SP102277-01_20. FINISH: Grn Serisces, = Shown T R SwashPump Technologies Ltd Al
TREATMENT Pre Hardired €27 1 1 Deas DRAWN: 150 | 2013068 |LE
REVISIONS PROTECTION Ndwd GECKED o [mon wDrlve Shaft Finish Gr:)und
Z0NE | REV_ | DESCRIPTION R Hemdn e SP102277-01_10 | D003
| Dom | Suface Finsh spaccatons revised on both Machined and Ground part COLOUR Mot mpicatle SRS T waw SwashPump. com | sweeT 1 of 2
3 & T L]

1 2 \

Released on 2014-10-21 1:10 p.m. FOR QA PURPOSES




Shaft also needed QA with CMM

N

1 2 3 1 s n ] | L] 7 ¢
. &)

10 07Ref_, . 8.620.2 Cylindrical , 1040.2 Ref
= 99.9940.01 =

RO.5
Grinding 0.37 Ref: .16 Ref 0.40 Ref| U

| Wheel

2
/7
\Resultant /|
Intersection ,
point from P
Grinding
/

: > @ 05 %
=3.01 #0.01= L/
=

i

@12.50 2005 Ref
1}
1
1
[

SECTION B-B 5 P e
/ S )
/ S
"
1.45 Ref 149 +0.5 Ref L L16Rel. / 7 / W )
1.15Ret| @ \/ - A
| e Possible Hardness / /
5"{3 Test Location ~ S o /
52 R0.5 Grind Wheel Rad =
2 I
E> Ra
1 08/
32.5° Ref
/ // 4 / //l_/ v/.—‘ \ /
/] Resultant! / \ A
" " Intersection 9
S , / point from 7/ \ I .
& 3 7/ Giinding / il N ()
8 = o ) g Alternate Hardness
-9 8 A~ < == Test Location close
P b P A A & to Grind End
<o pat / el
&= = 7 i Surface shown in the
S " / S colour Pink are Ground |
" v / |
! f &
1 Preterable it Keyway 1’
to Slant Shaft onentation |
aligns withint 5 degrees I

7 >
Altemate Hardness / __/og DETAILD .
B but not critical

Test Location close / Ra

fo Grind End
\4‘2
QA Drawing refer also QA spreadsheet - Dated 2014-10-21 |

ED [ HikD ANGLE FAN | |MATERMLENS® or 1202N4A NAME: | DATE | @ corrman 22
IOERANGES e | PRowecTon U] Fase Gnd Swfaces. 26 Shown WMODELED], & 2000m0 | SwashPump Technologies Ltd u
ORAVIN T0NZS/AS 1100 DO NOT SCALE | TREATVENT PosHarded 62AcK frm Coep | DRAWN| 1m0 | smosoan |TTLE

I— . 5.5 905 [MASS jeazs o FROTECTION: Nobral Then| e Tmoany Drive Shaft Finish Ground

Refer Sheet 1 for further notes an revision information g0 A% [ASWRRTFLE S0z FLLERS Wl apghtie FRRorED] o T5ecn ™ opa00977.01 10 | DOO
o % 2% [CANFILE SPHQITTAI0 ReD001, | MOGIFIERS: Not soplcacie R T - - 3
FILE NAME: SFIQ2T7-07_% - GA 503w COLOUR: Not agghisbhe B SR TRAISI IR T www SwashPump.com | snerr:2of 2

| B ] 7 [ s

=

Released on 2014-10-21 1:10 p.m. FOR QA PURPOSES
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Detailed Measurement CMM Report, Body Drive

— Bateh: ACCEPTED / REJECTED / CONCESSED (cece 5:sicani) |
DATA
serish | corisl | serid | veriol | secial | sorbl | serial | seral | cerial | sedal | serial | seris | scerial | sedal | sena | serial | serial | sarlal | serial | sorisi | cariol | serial | corial | sorisl [ sersi | serd | serisl | serial
Procicated
L8 D ust | w 1 E] 3 4 ] s 7 s s "0 " 2 13 " 15 " ” " 19 » 2 2 n 2 a n an 3
1| Toubooy wogin 8230 @50 82700 | s2an 62q71 | 62e53 | 62484 | 82485 | 2500 | 62515 | 82088 | G2479 | 62472 | 62511 | 62521 | 82505 | 62527 | 62528 | 62590 | 62508 | 62531 | A58 | 62500 | 62500 | €2635 | G254 | B2SNR | 82531 | 62591 | 626M | 8262 | B25A
2 | MO Theadlegh 10000 11090 12000 | seviel
3 | MaTheadlongen 15060 16500 17000 | SO0 I
4 | MEteentto0H E ‘
S | Ovwicw skt sde 1o cemim 2005 20 700 | 3o
8 | Onvecsowan 0% 4050 aomo | a0 4057 | 4047 | 408 | 4055 | 4056 | 4052 | 40 | 4052 | 4056 | 405¢ | 4057 | 40sa | 4080 | 4081 | 4050 | 4060 | 4067 | 4043 | aoe7 | aoa7 | avse | 4057 | a0s2 | «ose | a0sa | eose | 4053 | a0
7 | Owersitpepi G 00X 0002 | o003 | 0oo | ooos | con | oow | o000 | voor | ooce | cooe | oom | soer | ooz | ooos | uoos | ooos | oooe | cooe | ooz [ 0o | ooos | ooce | woos | ooos [ ooor | oms | com [ cow
8 | DneswicamnG 2000 005 20060 | 18972 19085 | 19001 | \peee | 19085 | 20000 | 20014 | 49008 | 20021 | 20014 | 20082 | 20023 | 20023 | 20028 | 20018 | 20018 | 20022 | 20030 | 20w [ 20026 | 21005 | w022 [ 20023 | 20012 | Wos? | 20024 zoosulnnzs 20025
9 | Diwer st et @0 ean 65302 | 66307 | 88317 | 02355 | €234 | 85305 | 65260 | 96036 | 65350 | 69358 | 062 | 66,307 | 66358 | 6365 | 68245 | 66371 | 56370 | 665 [ 6633 | 6637 | 951 | ceme [ eease | sraes | esane warsimasl .35
10 | GuDdswce 41000 42000 42100 | 4r@7E 41921 | avon | 4vean | avean | 4verz | avors | evean | areca | aveas | avovo | avsed | arsen | 4vsez | 4vses | 42002 | d1ce2 | avoss | avos2 | 4veez | avoes | 4vose | asom | 41900 | asom: | wroey | avces | eseny [ arses
1| GwD panael 0030 0000 €000 | 0000 | OO4T | O3 | 0000 | 0042 | 0065 | 0071 | G041 | 0075 | 0056 | 0052 | 0065 | 0Q7C | 0030 | 0043 | 006S | O | 0063 [ Q41 | OO0 | 004 | G053 | 0063 | 0DIO | 0085 | OOME
12 | Motor spegot dio E 20060 9w 40000 | 32008 39500 | 00 | 20660 | 32000 | 30087 | 33897 | 30601 | 9003 | 99608 | 0000 | 35590 | 20260 | 30000 | 3906 | 39060 | sacer | 29067 | o0 | 3096 | 2eez | ey | 26030 | Jecer | 3ee0r | 20060 [ 2067 | 3ow | Wem
13 | e spigot da 136270 1025 130300 | (#6248 136284 | 136 | 120792 | 120283 | 120295 | 126272 | 126290 | 17267 | 139288 | 120 287 | 126 280 | 35280 | 136794 | 176779 | 126279 | 126273 | 136231 | 120777 | 123288 | 120381 | 120283 | 120281 | 120w | 10780 | 1a62mR | 120291 | 120372 | 130788
14| Henetof o012 | 0020 | 00z | 0001 | o | 0020 | 003 | 0oez | 0025 | 0032 | 003 | 0020 | a0z | 002 | 0020 | 0016 | 0035 | 00% [ 0s9 | aveo | oot [ 00w [ ooeo | 0oz7 | 0% | oot | 0025 [ oo
18 | Geang Somcha 32000 w008 e | e | woo | 20w | wow | 318e8 | %000 | 2096) | 32002 | 32004 | 1200 | 12004 | 37004 | 32013 | 81868 | 32000 | 20689 | 3684 | 39960 | 21967 | 3185¢ | woos | wors | wo0s | 318y | weod | 2001 | ALeET
16 | JcoxiE oo | ooor [ no13 | oot | ootz | aoss | oms | noon | ooos | ooto | A | oows | ocor | ooty | nore | oon | 0o | anwe | ooss | acor | amz [leme | oo | acar | oo | noox | codr | oom
A7 | Vo sead boe cha 95000 Bme 25040 | 34082 Suoe1 | e | w5004 | asorz | woco [ 9asem | sson | eee | 35005 | 35005 | 3%es | 95000 | 36888 | 35010 | 35000 | 35000 | 95000 | 2umse | sases | sasee | s4om | 000 | 25007 | 3som [ 35000 | 25002 | 35000 | Baeer
18 | o seal bore corr 0.4 00% 2002 | apoz | oo | oooz | ocoor | 0oos | coot | 0cos | 0oz | o0t | 000d | oot | apos | ooty | nooe | noes | oot | ooos [ noor | noos | aoos [ 00w [ oot | ooos | ooos | owa | oot [ ooe
19 | Sphencd s borw diarwler | 52360 52570 52700 | 52340 3 a0t | w2 | mom| 2m |2 | wwn| o | e | e | seare | saam | s2am | saser | s2va | s2vm | maoes | e | s2s0 | s2anr | mom | moem [ sam | mavs | s2ame | man | mam | @an
20 | Sphence sed cne 1o 0% oo | ooz 0007 | 0000 | oot | oot | 06z | Goon | 0022 | note [ 000 | 0018 | 0023 | @ote | ow@o | 00w | oo [ ome | vow | onos | 0oz | oo | eorT | oom
2| Shen heie beore dameter 1275 120 v2es0 | 42988 12008 | 12795 | wzeot | vzees | vazes | 42788 | e28 | v27mr | 12607 | 12704 | 1200 | 12807 | 12043 | 12005 | 12780 | t27ms | v2me | 122 [ 270 | v2ree | t2ves | aaven [ e2eos | 2 | e27ma | v20m8 | s | w2res
22 | Shed o conc 10 0020 oooe | anor | 0o | ooos | ooor | oens | ooos | ncos | onos | oo | oow | oo [ 0007 | 0oos | nose | oor | aoos | ooes | ooos [ ocos | ooz | oow | aoos | ases | ooes | oo | oos | oow
23 | Spgot step to face piane O 11900 12000 12400 | 11911 19665 | 11070 | 11680 | 11672 | 674 | 19677 | 19621 | 10027 | 19627 | 10472 | 19684 | 11585 | 19084 [ 19508 | 11660 | 11568 | 1000 | 10957 | 11667 | 11060 | 19634 | 1102 | 11620 | 11080 | 11005 un‘ninm 1"
24 | Hewng shoukder o G 4050 won | w0 | 450 | mer | 4997 | aasrs | 4ans | sae0 | 4896 | 4ams | 4pono | 4500 | 49005 | 45007 | 49000 | 49008 | 9007 | 4900 | somn2 | 00 | 400 | amono | 49000 | w0y | sa004 [ a500s | w00 | 4s0es
25 | She hoe erkry faceto O 50600 §1951 | om0 | 51177 | 50689 | 080 | 508% | 50831 | 50972 | 50834 | 50689 | 50653 | 51000 | 50869 | 51025 | 50662 | 50960 | 51181 | S0067 | 5100t | 51004 | sosee | cowe0 [ 50982 | srem | soser | s1027 50w | 508
W | Cooo com ot mm dameser | 12524 ; 1253 | 12604 | 12626 | 12607 | vasom | 12638 | 12614 | 12505 | 12604 | 12641 | 12562 | 1256 | 12541 | 12684 | s2ar | 125an [ 12502 | 12547 | 12540 | 125% | 126 | s2s50 | r2sae | 12854 | 1267 | 12mse | 12sss | 1288
27 | Cone angh (24 ponts) 16970 160000 160000 | 158 673 180125 | 180,70 | 00477 | 160670 160924 | 160069 | 160055 16004 | 160081 | 160,058 | 160,044 | 160 co5 | 160012 160 0°2 | 160029 | 180095 | 160 025 | 160008 | 156906 [ +59 888 | 120 568 | 60 00 [ w0083 ] 160084 | 180042 | 160003 | 160 017 | W02
28 | Mo sprere domeser TABO VR0 116020 | 1A mEE] 196010 196000 | | 194000 | 014086 | 114507 | 114800 | 190589 | 110067 | 110000 | 11408 | 110008 | 116,000 | 174966 | 114682 | 114904 | 114986 | 1148 | 115000 | 114034 | 19468 | 114600 | 11060 | 19408 | 115001 | rrasm | vases| 140 mmimm 10
2 | Mangprerc concwH 0000 0024 o005 | 0pos | oo | 0oo¢ [ coos | oooe | o007 | oot | 00H | o011 | 00w | 008 | Q004 | Do | 00w | 0005 | 0016 | 90w [ oow | oow | om3 | oot [ 0otz | o1z | oot | ooma | o1t [ ooe
30 | Maneprem ceketn G LALH § a6 | | 02 | ooss | oom | oot | cow | oow | eorz | otto | oom | oo | 00% | ome [ 0007 | 0621 | neen | 0001 | 0032 | 6013 [ 00w | 00od [ 00ts | 0044 | 0o | est | 00x | oo | aocs | oot
31 | Sphers edge chamier 00w 0o 00w | sovo | sowor |
32 | Loftop ten nagnt e O 7EW  7e  73ET | 7aRe 65 | 62 | e | e | Taen | 73em | 73665 | 73665 | 73644 | 13640 | 73545 | T34 | TRESE | 73645 | 73644 | 73608 | 73504 | 384 | 13807 | 362 | e | mem | msewm | mess | 73es3 nminm %Sl
| Rgtionface heartto & 73BN 7360 T3ETO | JaE 75 | mea | raea | raess | rmsw | 7aen | raest | 736 | raess | 7aeso | raseo | raesn | raest | 7ase | 22600 | 73500 | 7ae4s | 7ase0 | 73847 | maeu | e | 720 | 73 | osw | 73608 | 7aess | miew | s
33 | Lenponta timm ares0  Ireee  areeo | ares 76w | 3r6m | avew | arwes | arewo | aveaz | srom | aress | a7e6s | arest | aroes | arese | aross | oress | aress | reeu | 3ress | st | arese | e | wen | wesr | wes | 3rees | arees | aren | aiew | aren
34 | Lantace sega 12470 1250 1235% [ 123488 123000 | 173470 | 123475 | 123483 122475 | 123477 122 6 | 120 408 | 123401 | 120,467 { 122461 | 123 461 | 173990 | 170498 | 123 454 | 123485 | 172460 | 171406 | 123400 | 123 475 | 920488 | 123472 | 123 403 | 123 487 | 120 481 | 123968 | 123 48 | 123492
39 | gt pom ot SSrm e Sreo  Ireeo |Sr0S Ire4r | are [ QNG| rees | MLSZ | azese | 3veM | UreNS | S2edN | 37622 | 30633 | 31E20 | STEYY | 3624 | IrA2 | ATEQN | JrES0 | ATS | dredo | 760 | de | Aeco | e | 3eds [ arm2 | wex | wew | srex
| Soticeae BU0 w50 55530 [ sea8 woe | w610 | eseon | 55000 | mssar | smers | seaps | weant | smnis | ws000 | 65810 | sasts | ses2z | sesir | 58 | sees | ses21 | semr | sesur | ses00 | w510 | s | seart | sento | sz | seet9 | smsx | ss6m
I | Featglens Tt 1o ceroe TOE0 7070 70600 79700 70722 | W8 | 10723 | 70738 | 077 | 0NS | F0745 | 70790 | 70725 | 0722 | TO7G | 70728 | 70728 | 70735 | 7076 | 0734 | 70728 | 70725 | 70794 [ Tv20 | 70722 [ 70723 | 70753 | vorar | F0738 | W28 | 7079 | P02
3 | Footclame sk to K ©a610 @000 60030 | $998s #0000 | 5000 | 90001 | 80001 | s9wse | 90001 | 0000 | 90001 | BO00D | 80001 | 8999 | BOC00 | 90001 | E9.60 | 80002 | B9SEV | Y000 | 90000 | 89990 | 60000 | w0001 [ G000l [ Beses | 82000 |
3 | PeeDpepE 0990 0011 | 0014 0012 | ocoe | oot | o004 | o011 | 0o | o3 | 0005 | oot | 0oto | 0001 | cots | oo | oot | onts | oom [ oo | ooos
49 | Waesrigliceu s 2850 2200 23350 | 50K
41 | Yopieh sogot cadus 6860 9900 8360 :uwm
42 | Top gt conet adus. 0960 000 0950 | SOl
43 | Too st fuce pem o K 0.08 0008 | 2008 ©005 | 0007 | 0008 | 0005 | 0002 | 0011 | 0.0M | 0oee | 0002 | 0005 | 0005 | 0001 | 0.001 | 0001 [ 0000 | 002 | ooos | oosr | ooor | 0002
“ | Conegpanc 648 ope st | some L902 100 | 6ras | e12t | BA0E | B0 | 20ed | mive | ovas | 2030 | o3 | agae | o4t | 8433 | 0430 | 5022 | o1z | oues | saea | 6ace | oree
s | o carcry 0000 ooz | aots coa | oo | oos | oose | o3t | ooss | 00w | cow | coan | ooer | nes | 0oz | aoss | aoer | oo | ooz | oone | oo | 0o | oese




TUV Approvals

»First Pump to be certified to new EU legisation
»First two sided pump to be certified with Petrol instead of Air
» Certifications
» Zephyr 2 Pump with 2x (burket control valves, OPW nozzles and PEC

hoses)
» Zephyr 2 Pump with 2x (burket control valves, Elaflex nozzles and PEC
hoses)
7
Swash Vapor Recovery System (VRS) “1\'.N
Lo e
=
ie Service %Sﬂb
Sira

A ) 4,
. ) e
] ,“'\- g CERTIFICATION
f i3 N
. \ ‘ @
isten testlng

.iAuckland IEC E}{

S

Prototype Production Unit
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SwashPump (Pre) Production Products

Swash Vapor Recovery System (VRS)

I

Prototype Production Unit

Swash Fuel Pump System (FPS) In DiSXﬁgﬁ:;(tjesting
Petrol, Diesel, Bio Fuel

Prototype

Production Unit




SwashVRS - Petrol Vapour Recovery System




The End

TMI - beyond here

Descgn SMART® Ltd

Innovative Mechanical Engineering
www.DedscgeSMART.C0.nz




Summary

S Some countries vapor recovery legislation requires the vapour flow to be measured and
compared to the volume of liquid dispensed to calculate the A/L ratio for each fill cycle.

Current monitored system

Pump A/L Monitoring Hanging
hardware
Vapour Fafnir Pipework
recovery vapor flo and
Pump Meters nozzle

Valve Meter
Controlle Controlle

Y
y

$500 $1500 $3000

Cost for 2 fill points : $5000 (not including hanging hardware)

SPT / OPW monitored system

Pump A/L Monitoring Hanging

hardware

Pipework
A/L
- Software and
nozzle

Free —

$700 $200 Included in

controller
Cost for 2 fill points : $900 (not including hanging hardware)
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Superior Performance v Roots

Definition SwashPumpTM

Dry Pump

Yes

RPM

Low
i.e. 980 to 1440 for 4
or 6 pole synchronous
motor speed

Scaleable

200-50,000 NI/min
7-1750 ft3/min @
500mbar

Thermo-dynamic

>55% @ 500 mbar

Efficiency Adiabatic Reversible
Exhaust <92C
Temperature <194 F
Noise Level < 85 dB(A)
. . < 5.6 mm/s RMS
Vibration <.02 ft/s RMS

Service Interval

Trunnion Maintenance
approx 2000 hours

Test Rig & Dynamometer




Joel on PV for Roots Blower & Theory

< Joel, Roots Blower PV

398 AR COMPRESSORS

driven 1ogether through external geaning. Rotors with more than twe
lobes are sometimes used when an increase i pressure ratio s required
The rotors rotate in a casing The operation §s as follows. Gas is taken 1y
at the intake and as the rotors are rotated so a mass of gas of voluimne §
becomes trapped between the rotor and the casing. This volume Vi

DELIVEAY
l \ AGI0R

noron
r =)

Fig. 122 INTARE

transported to the delivery side of the machine. As the mass of gas is
delivered so compressed gas already on the delivery side compresses the
mass to delivery pressure. The volume of gas transported is 4¥ per revolu
tion. The pressure ratio through the machine is usually low, say 2: 1
14
it’ ——

f—— AN RO TL
CONPAESDON

Flg. 123 § o

An approximate P-V diagram for the Roots blower is given i I'ig 123

< Joel, Theoretical
Compression

ROTARY AR COMPRESSORS 397

ISOTHERMAL Py=C

FRETIONLESS ADUAZATIC
PV

AGIABATIC n>Y
Felmc | ROTARY comam;)

Fig- 121 v




Ideal SwashPump PV diagram,
Closer to the Ideal Isentropic Process

Swashpump P2.5 ideal pv Diagram with nen return valves on the outlet Swashpump Tachnolagias  Poge 1 of 2
Author: Ben Smit &/0BS 2007 Version: 1.0
Shaft | Chamber
Pressure
angle volume
{iDegrees) {(cm”™3) | (mbara)
® 0 g 500
500
E; ;4 =00 Swashpump P2.5 ideal pv diagram {with non return valves on outlet)
70 91 500 §.
100 250 500
130 480 500 o ‘ . 540
150 711 5000 & 1050 d
180 | 1,059 5000 g e ——a egrees
1,295 500, E 720‘ o = EI g
210 1,406 ELE] 950
240 1,615 500 &
260 1.867 SO0 & degreeS
290 2,026 =00 g =
Full 210 2,083 5001 5 = B850
329 2,110 5’32 = JE
i 340 2,124 E =
pumping =0 =2 O =
330 2 124 00 L 750
Cycle 389 2410 504.7 2
310 2,082 5138 £ =
330 7,026 5l T . =
360 1,867 ] - 650
350 1,615 T3l E
510 1,306 0.9 2
1,295 EEEN 550 J=
540 1,059 T000] o =1 |
570 711 1000] S !
00 420 000 & 4 ‘
620 750 1000 E’E 450 . . . .
=]
b - oot & g Zero 500 1,000 1,500 200860 2,500
k] T 00 % Chamber volume {(cm”™3)
® v Toou] & degrees degrees

Hote: There are two chamber: in one swashpump.



Theoretical SwashPump PV diagram vs.
Actual SwashPump PV diagram

Z.00
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PV Diagram, P2.5, 1171 ACtual PV

Combined data from ND1 & HD13, Undamped Wika
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Materials Considerations

Comparision of possible construction materials

Heta treatment & ... ..

3
z|5%
£13 |85
Material Description Density | CTE k E Fy Ni Cr CostiKg § .-,§ _g g- 5
x10E-6 3 |8 |8 | §E
Kg/m”3 | mim.K (W/m.K| Gpa | Mpa | % % $ O | | = |TO
Ni Resist As previously prototyped 7400 18.7 13| 150 205| 20%| 3%|$ BEB0| B (© (& Mo
StStl AlSI 420 Martinsitc Stainless steel 7800 10.3 25] 200| 345 0%| 13% C & C Yes
StStl AISI 2205 Duplex Stainless steel 7800 13.0 14| 200 450| B%| 23% A D D No
High Chromium Iron  |Wear resistant grade of cast iron 7700 10.0 1%| 12% D D C Yes
Aluminium LM13 Cast aluminium 2700 19.0 167 73] 160 2%| N/A|$ BOD| F B A No
Ni Resist Type D-5 7700 5.0 200| 35%| 0% | $ 10.00
Grey cast iron 7300 11.0 52| 150| 200| 0%| 1%|$ 2.00 MNo
PPS High Temp Plastic 1.5 20.0 15| 120 0%| 0%|$3000| B A A No
Titanium-BAL-4Va High tech! 4500 9.2 6] 117 760 0%| 0%|$7100| A Mo
Density Density How heavy it is.
CTE Coefficient of thermal expansion at 20 ° C How much it expands with temperature.
k Coefficient of thermal conductivity Howy quickly it conducts heat.
E Youngs modulas Howy rigid it is.
Fy Yield strength How strong it is.
% Ni Percentage of Nickel in the material Big determinant of material cost
% Cr Percentage of Chromium in the material Big determinant of corrosion resistance
Caustic Corrosion resistance to caustic cleaning solutior Graded from A (excellent) to F {(Poor)
Castabhility Castability Graded from A {excellent) to F {(Poor)
Machinability Machinahility Graded from A (excellent) to F (Poor)

Heat teatment req'd to develop full strength of the material. May not be a requirement, as stiffness is important, not strength.




