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ABSTRACT

Roots pumps are quite common in industry as well as in modern life. They can be applied
in the lubrication system of the diesel engines, or in the automatic production lines etc. One of
the most important specifications of the pump is flow rate, but this parameter itself depends on
the speed and the volume of the pump chambers. The speed can be changed through
transmission units, and the volume of the pump chambers depends on the profile form of the
impellers. Finally, the profile form of the impeller depends on the geometrical parameters. That
means in order to calculate the geometrical parameters of the pump, we must establish the
relationship between the geometrical parameters of the impeller profile and the specific flow
rate. Based on the theoretical results, the authors carried out programming software module fo
calculate the geometrical parameters to form profiles of the impellers, as well as the specific
flow rate. The module is built by embedding AutoLISP language into AutoCad environment, in

order to automatically design this type of pumps.
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1. INTRODUCTION

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

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

When studying about pump delivery, we can define a specific flow rate or volumetric
displacement of the pump (0, as a flow after each rotation of a driving shaft. Therefore, O,
depends on cross sections (5) of the chambers and the impeller thickness (@) (Figure 2).

Figure 2. Geometrical parameters of the Roots pump:

S — cross section of the suction chamber; d— impeller thickness; R - radius of the rotor reference circle:
r —radius of the lobe-profile generating circle; a — distance between shafis; R, — radius of the pump
housing.

According to [2], two radii R, » are the most important parameters for generating the lobe
profile, distance a makes two lobe-rotors matched correctly following the gearing theory of the
cycloidal gear-trains when the lobes are driven by the gear pair 4 with transmission ratio 1:1.
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Therefore, when designing the Roots pump following given specific flow rate &, it is necessary
to establish formulas to calculate parameters a, », R, R, (Figure 2) in relation with {J., which 1s
the content of the next part 2 of this work.

3. ESTABLISHING FORMULAS FOR DETERMINING PUMP GEOMETRICAL
PARAMETERS FOLLOWING THE SPECIFIC FLOW RATE

2.1. Equation of the pump lobe profile

According to [1, 2, 4, 7 - 9], the lobe profile consists of two cycloidal curves, i.e.
Epicycloid (for addendum, given by equation 1), and Hypocycloid (for dedendum, given by
equation 2). In Figure 3, there are some types of the lobe, which are used in the industrial
application. There are a number of publications proposing different methods for establishing
epicycloidal and hypocycloidal equations, such as analytical method [9], instantaneous rotation
center method [10], transfomation matrix method [11], or algebraic transfomation matrix method
[12]. Therefore, we are not going too deeply into this topic.

Figure 3. Common profiles of the lobe-rotor in the Roots pump:
a - 2 lobes; b - 3 lobes; ¢ - 4 lobes; d - 5 lobes; 1 —Epycycloid; 2 —-Hypocycloid.

Developed and transformed equation (4) in [11], we have:

Equation of the addendum curve (Epycycloid).

/
X, =—F COS (R T }o]+ (R+r)cos@
¥
* \ (1)
. ((R+r :
¥, =—rsin )v +(R+r)sing
¥
! \
Equation of the dedendum curve (Hypocycloid):
X, = rcos([ﬂ —7 }[,l]+ (R—r)cosg@
r
4 (2)

ursin((R_r}y]—l-(R—r)sincp
¥

Vi
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where: R — is the radius of the rotor reference circle, » — s the radius of the lobe-profile
generating circle, ¢ € [O-:— 2?1'].

According to [2], condition for forming the lobe profile of R and r is:

£=22 with z> 2 (3)
v

where: z— is the number of the pump lobes.
Appying (3) into (1 and 2), and rearranging, we have:
{x =Fr cns((z:-: + lko)+ r(2z +1)cos 17 @)
y=-rsin((2z + p)+r(2z+ 1)sing

in equation (4):

+ The signs (F va *) are chosen following the upper sign in the Epicycloid case, and lower
sign in the Hypocycloid case.

z z
Hypocycloid case.

A, L : . : . : :
+ Qe |i:——, (i +1) —] with { = 0—:-(22—1). i 1s even in the Epicycloid case, and i is odd in the

Conclusion: from the equation (4), we can see that the equation of the lobe profile depends only
on the number of the lobes z and the radius of the lobe-profile generating circle ». Therefore, in

order to design kinematical pump dimension following given specific flow rate 0,, we need to
establish relation between z,  and (, as it is presented in the next section 2.2.

2.2. Specific flow rate Q, calculation

The lobe number 1 and 2 are driven by the gear-train 4 with transmission ratio 1:1 (Figure
2) as it was described in the Introduction section. After one revolution of the driving shaft, the
suction volume of the pump is ¥. Therefore, the specific flow rate (: can be calculated as:

O, = Vn = 2284 (mm’/rev.) (5)
where: § is the cross section of the pump chamber (Figure 4).

Figure 4. Cross section perpendicular to the pump shaft,
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If: S,— is the area of the circle sector AO,B (A, B are the instantaneuos contact points

between the lobe profile and the pump housing).
S, — is the area generated by the lobe profiles at the moment when the contact

points are A and B.
We have:

S=8-8= 4£r2(z+1)2—2m‘1(22+1)= 2m2(4+l] (6)
z Z z

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

Z (7

\ 4?126{4 + 1 ]
z
From [2), and also from Figure 2 and Figure 4, # and R, can be further expressed as:
a=4zr (8)
R, =3zr 9)

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

O

1
\ 4mzd(4+—}

z
\ 10
a=4zr (10)
R =3zr
LR = 2zr

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

¥ =

F =

Table 1. Kinematic parameters of some common indusirial Roots pumps.

SIT =z
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Conclusion: The equation (10) can provide the set of parameters determining the lobe profile
and parameters of the pump geometrical dimension, which can be used for designing the pump
with the specific flow rate (0, and thickness 4 in the shaft asix.

3. SOFTWARE FOR SIMULATION OF CALCULATION AND DESIGN PROCESS

3.1. Software medule

Based on the theoretical calculation in section 2, for automatic design of this type of the
Roots pumps, the authors have built software Cycloidpumps V1.1 in C* with VisualStudio
2010. This software module, whose the interface is presented in Figure 5, can provide to design
options. The first one is forward design (in module @ given are the number of lobes and the
radius of the lobe-profile generating circle r, the impeller thickness d need to calculate the
specific flow rate Q, and other pump dimension). The second one is reverse design (in module

Q, given are Q. , d and z, need to determine other dimensional parameters of the pump). After
this calculating and simulating process, designers can use Export to file CAD @ to
automatically generate CAD drawings (this function is written in Autolisp following an

algorithm in Figure 6). Basically, the function uses the results of the module Cycloidpumps
V1.1 for automatic design in CAD environment. Figure 5 shows steps of the designing process.
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3.2. Case study
a) Design

]



Nguyen Hong Thai, Nguyen Thanh Trung

/ ezd /

F
T
Calculate kin.parameters
R, 2Ry
i=0,¢=0 |

e wmlby chlek S JEN BNy SN DN BNN BNN- BNN BEN SN NN BN BN BEN DN BN BN BN BN T IS I G I I e O e Ee s el e P S N G BN B B B B B A B W Wy e o omwi Sk -

T ﬁ&ﬁ&:ﬁﬁ%};&;&;ﬁ@"' '

x =recos{(2z-1)p)+ r(2z~1)cos ¢
y =-rsin{(Z2z-1p)+r(2z - Dsing

x ==reos{(2z+1)p}+ 7(2z + Deos @
y =—rsin{(2z + 1)+ r(2z+ Dsin ¢

(F)

-— ok B T A A A A B T A T e S e gm mm omm omm s bl

"—-*"----------- dE W B I R T W B T T

- o feb NN ENN ENE ENE EO B W lad I EE B B e ek B A e e

Design the lobe profile

—ees s omes sl ek i AL B DN B B B T T S IS I S S S S S S S - - .. - i AN EE IF B EE T OB EE A T T B D S S - S T O - S S A

I

I

| _.

| [Drawprofile = [ Databse )
;[ Draw Kinematic dimensions I i
. Calculation Results :
S —— -

I
(Finish)

Figure 6. Algorithm flowchart for calculating kinematic
parameters and design lobe profile.

542




Establishing lormulas fof de3ign. of Rools pump géometrical paranmiglers with given speclfic, ..

|  Figire 7, Reot pumipr deawiiigs in $olidWerks.
| =il infet, 2 « Housing af-dtiving gear, 3 - Beasing, 4 =Brivérsear, § =Driving gear 6= Amiang wagher,
% -Flange, 8~ Boli M4 5%b2, 9= Oiliseal 1= Seal washer, 1 = Bolt M2x0:5x5;
2 = Gil outles MAxG.5x4, 13+ Framés 4 ~Boltdddxt: Sx8, 15 « BoltMax0:5%40, 16 « Moiishp,
17 - BeltNi3ng. 525, 18 =1Lwpk washer, $9 = Lobe rétor, 20.- Liding, 21 = Anthoipin $3x10.

Figure 8 The prototyise oftheRaots puinp.

Referting technical parameters. of soine commen commigréial industisl Roots pumps. made
by Viking Pump; Netasch, Johnsen Remp (3, 4, 51, the authos used Cycloidpumps V1.1 for
design the minispump prototype: with following specification: ¢ = 0,002 {literliev.); pressure P
= 1,2 bar. The Solidwonks teehnical diawings. are presented in Figure 7 fealculared results of the
shafts, driving ear, housing etc. ave neb showi in-this paper);
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b) Prototype fabrication

Based on the formulas for designing geometrical dimension when (, is given, and on the
result of designing step, the authors have built the prototype of this pump. Figure 8 shows the
prototype. The main elements are shown in Figure 8a, the impeller lobes and driving unit are
shown in Figure 8b, and the mini pump is presented in Figure 8c.

4. CONCLUSION

a) Conclusion

Equation (10) and the software module Cycloidpumps V1.1 firstly provide us a way to
determine geometrical parameters, and moreover, provide us a solution for designing Roots
pump with given specific flow rate {, and impeller thickness d. Another practical application is
re-designing after maintenance process, when the pump impeller has been worn and causing
drop of pressure and flow. In that case, it is required to repair and restore the lobe profile.

The presented software module can be used in automatic design of the Roots pumps, which
help to shorten designing time as well as to provide a database with necessary parameters.
Depending on the requirement (Repair of new design), we 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 between the flanges of the lobes and of the housing,
as well as the gap between the lobes while engaging, there is a loss of pressure and flow. This
effect is caused by the manufacturing and assembling errors. Therefore, it requires high degree
of precision in the fabrication and assemble process of the parts of the Roots pump. Other
setbacks are noise and generated heat. The first one is caused by the geometrical and positional
errors of the driving shafts, which leads to mis-engaging between the lobes. Consequently, the
second setback occurs due to sliding and discontinnous matching between the impellers. To
overcome these problems is the next goal of our researching group.
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