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ABSTRACT

Roots pumps are quite common in industry as welhanodern life. They can be applied
in the lubrication system of the diesel enginesnahe automatic production lines etc. One of
the most important specifications of the pump @svflrate, but this parameter itself depends on
the speed and the volume of the pump chambers. speed can be changed through
transmission units, and the volume of the pump deamdepends on the profile form of the
impellers. Finally, the profile form of the impelldepends on the geometrical parameters. That
means in order to calculate the geometrical parensatf the pump, we must establish the
relationship between the geometrical parameterhefimpeller profile and the specific flow
rate. Based on the theoretical results, the auttemsed out programming software module to
calculate the geometrical parameters to form mefodf the impellers, as well as the specific
flow rate. The module is built by embedding AutoBlf&anguage into AutoCad environment, in
order to automatically design this type of pumps.

Keywords Roots pump, lobe pump, hypocycloid, epicycloid.

1. INTRODUCTION

The Roots pump were introduced and presented ih iewks and other scientific
publications in Vietnam as far as in 1970 [1], aedently in 2006 [2]. However, most of those
works focusing only on setting working principledadesigning profile of pump impeller in
order to secure continuous engaged state betweeloltles. Many industrial companies have
manufactured the Roots pumps aiming for differgutliaations [3 - 5]. Air compressors, air
blower or lubrication systems of the diesel engifiégure 1) can be listed as some of the most
common industrial application of this kind of punip general, the Roots pump consists of gear-
train with transmission ratio 1 : 1 driving the puhobes to rotate inside the pump housing. In
the Figure 2, we can see the suction and workiagntiers are generated between the lobes.
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Figure 1.Some common Roots pumps.

Despite already mentioned results, a number ofarekes on the Roots pumps are still
carrying out in order to improve design, manufaomiprocess, as well as working quality and
performance of the pump. In [6, 7], the authoredirio get higher efficiency by improving
contour of the lobes. In [8], by using screw vaseaaeplacement for classic gear vane, higher
efficiency and lower noise of the three-lobe aimpoessor are achieved.

When studying about pump delivery, we can definspacific flow rate or volumetric
displacement of the pumi®);) as a flow after each rotation of a driving shaterefore,Q;
depends on cross sectiqi® of the chambers and the impeller thickn@ggFigure 2).

Figure 2.Geometrical parameters of the Roots pump:

S — cross section of the suction chamber;impeller thicknessR - radius of the rotor reference circle;
r — radius of the lobe-profile generating cirde; distance between shafi&;— radius of the pump
housing.

According to [2], two radiR, r are the most important parameters for generatiegdbe

profile, distancea makes two lobe-rotors matched correctly followihg gearing theory of the
cycloidal gear-trains when the lobes are driverth®y gear pair 4 with transmission ratio 1:1.
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Therefore, when designing the Roots pump followgngn specific flow raté),, it is necessary
to establish formulas to calculate parametens R, R, (Figure 2) in relation wittQ,, which is
the content of the next part 2 of this work.

2. ESTABLISHING FORMULAS FOR DETERMINING PUMP GEOME TRICAL
PARAMETERS FOLLOWING THE SPECIFIC FLOW RATE

2.1. Equation of the pump lobe profile

According to [1, 2, 4, 7 - 9], the lobe profile cists of two cycloidal curves, i.e.
Epicycloid for addendum, given by equatiof), aind Hypocycloid (for dedendurgjven by
equation 2. In Figure 3, there are some types of the lobleickvare used in the industrial
application. There are a number of publicationsppsing different methods for establishing
epicycloidal and hypocycloidal equations, such rmaydical method [9], instantaneous rotation
center method [10], transfomation matrix method,[bt algebraic transfomation matrix method
[12]. Therefore, we are not going too deeply ithiis topic.

a)

Figure 3.Common profiles of the lobe-rotor in the Roots pump
a - 2 lobes; b - 3 lobes; ¢ - 4 lobes; d - 5 loldesEpycycloid; 2 —Hypocycloid.

Developed and transformed equation (4) in [11] haee:

Equation of the addendum cunipfcycloid:

X, =T co{(?%j +(R+r)cosg

R (1)
y,=-r sin((%jqﬁj +(R+r)sing
Equation of the dedendum cunidypocycloid:
X, =1 co{(?jﬂ +(R-r)cosp
(2)

Y, =T sin((yyj +(R-r)sing
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where: R — is the radius of the rotor reference cirale- is the radius of the lobe-profile
generating circlep [J [O+ 2771.
According to [2], condition for forming the lobegsile of R and r is:
R =2z withz>2 3
r
where: z — is the number of the pump lobes.
Appying (3) into (1 and 2), and rearranging, wednav
x=5rcod(2z+1)p) +r(2z+1)cosp @)
y =-rsin((2z+1)¢) +r(2z+ )sing
in equation (4):

+ The signs £ va *) are chosen following the upper sign in the Epioigccase, and lower
sign in the Hypocycloid case.

+ ¢ D[i I—T,(i +1)E} with | = O+(22—1). i is even in the Epicycloid case, anid odd in the
z z

Hypocycloid case.

Conclusion: from the equation (4), we can see that the eguaif the lobe profile depends only

on the number of the lobesandthe radius of the lobe-profile generating circleTherefore, in
order to design kinematical pump dimension follayvgiven specific flow rat€),, we need to
establish relation betweenr andQ; as it is presented in the next section 2.2.

2.2. Specific flow rateQ, calculation

The lobe number 1 and 2 are driven by the gean-#awvith transmission ratio 1:1 (Figure
2) as it was described in the Introduction sectisiter one revolution of the driving shaft, the
suction volume of the pump 6 Therefore, the specific flow ra@ can be calculated as:

Q: = Vn = 2zSd (mnT/rev.) (5)
where: S is the cross section of the pump chanftiguie 4).

AJaL‘

Figure 4.Cross section perpendicular to the pump shaft.
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If: S — is the area of the circle sector YA, B are the instantaneuos contact points
between the lobe profile and the pump housing).
S — is the area generated by the lobe profiles etniioment when the contact
points are A and B.
We have:
S=18$=47—ZTr2(z+1)2—2n2(22+§j:2n2(4+§j ©6)

Applied (6) into (5), we have:
("

From [2], and also from Figure 2 and Figure4ndR, can be further expressed as:
a=4zr (8)
R, =3zr (9)

Finally, from equations (3, 7, 8, 9), we can cadtei

Q

477zd[4 + 1)
Y4

a=4zr
R, =3zr
R=2zr

Applied the set of equation (10) in some of the me@snmon industrial Roots pumps, the
following Table 1 can be presented as below:

r =

(10)

Table 1.Kinematic parameters of some common industrial Rpamps

STT z r (mm) a (mm) R (mm) JRMm)

12 Lﬁ &\E Q\E iﬁ
6v2 \ 3 3\ 2\

2 3 Lﬁ 6 [Q i\@ gﬁ
2,13\ Vi3V m Vi3V m Vyi3\

s 4 L\E 1\@ i\@ 48 [Q
217\ Vi7\m Vi7\m V17V
1 10 [Q 5

4 5_\/§ _\/: _\/g 25\/2_1\/§
2421\ J21\ J21\ 7 \m
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Conclusion: The equation (10) can provide the set of pararsetetermining the lobe profile
and parameters of the pump geometrical dimensibichacan be used for designing the pump
with the specific flow rat€), and thicknesd in the shaft asix.

3. SOFTWARE FOR SIMULATION OF CALCULATION AND DESIG N PROCESS

3.1. Software module

Based on the theoretical calculation in sectiofoR automatic design of this type of the
Roots pumps, the authors have built softwaseloidpumps V1.1in C* with VisualStudio
2010. This software module, whose the interfagarésented in Figure 5, can provide to design
options. The first one is forward design (nodule @ given are the number of lobes and the
radius of the lobe-profile generating circle r, timpeller thickness d, need to calculate the
specific flow rate Qand other pump dimensiprThe second one is reverse designnjodule

@, given are Q, d and z, need to determine other dimensional paters®f the pump After
this calculating and simulating process, designems useExport to file CAD ® to
automatically generate CAD drawingshi§ function is written in Autolisp following an
algorithm in Figure . Basically, the function uses the results of thedule Cycloidpumps
V1.1 for automatic design in CAD environment. Figurehbws steps of the designing process.

o CYCLOIDPUMPS v11 =B %

Cycloid cuver | Rootspump | Gerotorpump  Help

Type of caculate ‘ Fltwll'.(lh’ljd?'i‘

Export to hle CA

PR of ol I
adis of ol cice
7 A2

FLOWRATE ALREADY KNEW

RADIUS OF ROLLING CIRCLE

INPUT PARAMETER

e " = INPUT PARAMETER

FLOWRATE ALREADY KNEW et T — B B .
Radius roling of circle r: [CON LN Y - . ! wrate of pump Q

Wit of the impeller & Thickness of the impeller d: (nm)

INPUT PARAMETHR
Number of teeth = 4
Flowrate of pump Q: 35 {lpr)
Thickness of the impeller ¢ 80 (mm)

TE |
[ caLcugatE

GEOMETRY PARAMETERS OF PUMP
PARAMETERS OF PUMP

Flowiate ofgimip: Q- Radius of roling circle: 1=

Radius of fixed circle: R= Radius of fixed circle: R=

Radius of chamber: Rv=
Radius of chamb Rv=
[ cALCpILATE | G

Distance between two axis: a= Distance between two axis: a=

‘Width of chamber. b=

GEOMETRY PARAMETERS OF PUMP Wil of chanber b=

Length of chamber: c= Length of chamber: o=

Radius of rolling circlp: ~ r= 52,3(mm) “'i'""“""/"______}__.__

Radius of fixed circle——FR——+187mmy \ ]
Radius of chamber: Rv= 523(mm) //

Distance between two axis: a= 836,3(mm) Graphlc dlsplay
Width of chamber: b= 1882,8(mm) — —

0 Z00M IN
Length of chamber: ¢ = 1046(mm) [ smuLare | [ stop | [meverse | U ‘ 1

ROTATIONAL VELOCITY Z0OM OUT

Figure 5.Interface of the calculation and simulation softeva

3.2. Case study

a) Design

538



Establishing formulas for design of Roots pump geometrical parameters with given specific...

\
Q,zd
F
T
Calculate kin.parameters
rR,ak
|
i=0,0=0

Dedendum (Hypocycloid) Addeng

um (Epicycloid)

||
{x = -rcos((2z +1)p) + r(2z + 1)cosg

y =-r sin((22 +1)¢)+ r(2z+1)sing

\
x =rcos((2z-1)¢)+ r(2z - Lcos¢
{y = -rsin((2z-1)¢) + r(2z- 1sin ¢

(F)
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esign the lobe profile
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I |- Draw kinematic dimensiol — '
1 1
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Calculation Results

Figure 6.Algorithm flowchart for calculating kinematic
parameters and design lobe profile.
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Figure 7.Root pump drawings in SolidWorks.
1 - Qil inlet, 2 — Housing of driving gear, 3 - Bieqy, 4 — Driven gear, 5 — Driving gear, 6 — Amiamgsher,
7 - Flange, 8 - Bolt M4x0.5x12, 9 — Oil seal, 18eal washer, 11 - Bolt M2x0.25x6,
12 — Oil outlet M4x0.5x4, 13 - Frame, 14 - Bolt MB%x8, 15 - Bolt M4x0.5x40, 16 - Housing,
17 - Bolt M3x0.5z5, 18 — Lock washer, 19 — Lobe rof® - Lining, 21 — Anchor pi®3x10.

a) i b)
Figure 8.The prototype of the Roots pump.

Referring technical parameters of some common cawialéndustrial Roots pumps made
by Viking Pump, Netzsch, Johnson Pump [3, 4, 53, dathors use@ycloidpumps V1.1 for
design the mini-pump prototype with following sfdasition: Q, = 0,002 (liter/rev.), pressure P
= 1,2 bar. The Solidworks technical drawings aesented in Figure (€alculated results of the
shafts, driving gear, housing etc. are not showthis paper).

b) Prototype fabrication
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Based on the formulas for designing geometricalegision wherQ, is given, and on the
result of designing step, the authors have budtglototype of this pump. Figure 8 shows the
prototype. The main elements are shown in Figurett@aimpeller lobes and driving unit are
shown in Figure 8b, and the mini pump is presemtdtgure 8c.

4. CONCLUSION

a) Conclusion

Equation (10) and the software mod@gcloidpumps V1.1firstly provide us a way to
determinegeometrical parameters, and moreover, provide sslaion for designing Roots
pump with given specific flow rat®, and impeller thicknesd. Another practical application is
re-designing after maintenance process, when theppmpeller has been worn and causing
drop of pressure and flow. In that case, it is nexglto repair and restore the lobe profile.

The presented software module can be used in atitodesign of the Roots pumps, which
help to shorten designing time as well as to pmwiddatabase with necessary parameters.
Depending on the requiremeiRgpair of new designwe can choose the forward or the inverse
design process as it was presented in section 3.

b) Discussion

In the Roots pumps, because of the gap betwedftatiges of the lobes and of the housing,
as well as the gap between the lobes while engathege is a loss of pressure and flow. This
effect is caused by the manufacturing and assegblirors. Therefore, it requires high degree
of precision in the fabrication and assemble precafsthe parts of the Roots pump. Other
setbacks are noise and generated heat. The figssaraused by the geometrical and positional
errors of the driving shafts, which leads to migaging between the lobes. Consequently, the
second setback occurs due to sliding and discanisumatching between the impellers. To
overcome these problems is the next goal of owareking group.
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TOM TAT

THIET LAP BIEU THUC THIET KE KICH THUOC HINH HOC CUA BOM ROOT
THEO LUU LUGNG RIENG

Nguyén Hong Thai, Nguyén Thanh Trung
Vién Co khi, Treong Pai hoc Bach khoa Ha Bl, S5 1 Pai Co Viét, Ha Noi

"Email: thai.nguyenhong@hust.edu.vn

Bom Rootdangdugc ting ding kha pld bién trong céng ngkp cing nhr trong cuc SDng
hién dai, trongdé phii ké dén he théng béi ton aia dong @ diézen hay trong cac day chimy
san xuat te dong. Mot trong hai théng & ki thuat quan tong nhit caa bom 1a keu lugng, trong
khi d6 lru hrong aia bom lai phu thusc vao $ vong quay va th tich aia cac khoang dm.
Trong hai théng&trén thi § vong quay c6 ththaydsi théng qua cacdtruyén dong, con th
tich aia cac khoangdm thi phu thuoc vao bién ang hinh thanh canhoim. Trong khid6 bién
dang canh bm lai phu thusc vao céac thdngdshinh hoc, diéu d6 co nghiadé tinh toan cac thdng
sb hinh ke caa bom theo tru lwrong riéng ta én phai thiét 1ap mdi quan & gitta cac thong&
hinh kpc hinh thanh biénathg canh bm vai luu lugng riéngday chinh 1a 6i dung trinh bay ¢a
bai b&o nay. Trénocss |i thuyét nghién @u, cac tac @i tién hanh vét moé dun phin mém tinh
toan kich tlréc dong hoc hinh thanh biénathg bom theo ru lrong riéng cho wéc bing ngén
ngir AutoLisp chiy trén méi teong AutoCaddé tir d6 tr dong hoa thit ké cac lai bom nay.

Tu khéa bom Root, lom lobe, hypocycloid, epicycloid.
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