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In creating high�pressure two�screw pumps, we
need to know: (1) the hydraulic radial forces on the
screws and their direction; (2) the bearing configura�
tion of the pump rotors (screws)—two� or three�bear�
ing pumps; (3) the bearing reactions and their direc�
tion, the flexure curve, or the maximum flexure at the
danger points.

In the calculation of multiscrew pumps, we need to
know the radial and axial forces on the screws due to
the pumping of the liquid.

As a rule, two�screw pumps are double�flow
pumps, since in that case the axial forces cancel out.
Therefore, in the calculation of double�flow two�
screw pumps, the axial forces are unimportant, in con�
trast to the radial forces. In fact, two�screw pumps are
characterized by intense unidirectional wear of the
ring on account of the low rigidity of the relatively long
screws and the considerably larger radial forces.

Various methods of determining the radial forces on
the screws of multiscrew pumps were outlined in [1–7].
The most general formulas for the radial forces Pr1 in
single�flow multiscrew pumps were derived in [1]

(1)

where z is the number of turns of the screw; p is the
pressure in the pump; re and ri are the external and
internal screw radii; a, b are the widths of the screw
projection and depression, respectively, in the axial
cross section; ξ is the angle between the center line and
the radius of the point of intersection of the external
circles; t is the screw pitch [1].

The directions of action of the radial forces are
shown in Fig. 1. Looking from the high�pressure side
of the pump, we determine the direction of the radial
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force by turning center�line segment O1O2 by 90° in
the direction of screw rotation.

To determine the radial forces on screws of differ�
ent type, the method in [1] was used in somewhat sim�
plified form in [2]. The most detailed method of deter�
mining the radial and axial forces was outlined in [4];
this method was also used in deriving the formulas for
two�screw pumps. The ratio De/Di of the screw’s exter�
nal and internal diameters—that is, the relative cut�
ting depth—should be De/Di = 1.36, 1.4, 5/3, and 2,
according to the recommendations in State Standard
GOST 20572–88. Table 1 presents the calculated
radial forces Pr1 for screws with such De/Di values,
when the forces act on half of a double�flow screw, as
well as the radial forces Pr2 = 2Pr1 acting on the whole
of the double�flow screw.

We now compare the radial forces obtained by the
methods in [1, 4]. For De/Di = 1.36, according to Eq. (1)

Thus Pr2 = 2Pr1 = Atp.
By contrast, the following radial force is obtained

by the method in [4]

(2)

Pr1 0.226213pt De Di+( )=

+ 0.0475574pt 0.5Di 0.4338235De+( ) 0.5Atp.=

Pr2 1.113664Atp.=
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Fig. 1. Direction of radial forces in end cross section of
screws.



878

RUSSIAN ENGINEERING RESEARCH  Vol. 30  No. 9  2010

RYAZANTSEV, PLYASOV

The discrepancy is less than 10% [1, 4]. Two�screw
pumps not only employ single�turn screws (Fig. 2) but
also screws with cycloid engagement of types 1–2 (sin�
gle�turn drive screw and two�turn driven screw, with a
cycloid tooth profile) and 2–3 (two�turn drive screw
and three�turn driven screw with a cycloid tooth pro�
file). To establish the influence of the number of screw
turns, the radial forces are calculated by the method in
[4]; we assume that De/Di = 1.4 (Table 2).

All the screws, except driven screws with 1–2 cyc�
loid engagement, experience approximately the same
load. For 1–2 cycloid engagement, the load on the
driven screw is about twice as large. Calculation of the
axial forces poses no difficulties [1–4]. Experiments
are conducted to verify the formulas obtained. The
dependence of the screw flexure on the load G is deter�
mined. In pumping liquid through clogged screws, the

dependence of the screw flexure on the pressure differ�
ence p at the pump input and output is also deter�
mined. We assume that the pressure distribution over
the length of the screws matches that in industrial
practice. Hence, the forces on the pump turns are the
same. From the dependences y = f(G) and y = f(p), we
obtain the formula G = f(p). Comparison with the the�
oretical formula Pr2 = f(p) (Table 1) permits refine�
ment of the constant and thus we obtain a useful
empirical formula.

For the experiment, we select the mass�produced
2VV 6.3/16 pump. We consider the single�turn screws
most commonly used in mass�produced pumps, for
which De = 60 mm, Di = 44 mm, and t = 14, 18, and
26 mm. The loading configuration employed in deter�
mining y = f(G) is shown in Fig. 3. Turn 2 and its sup�
porting bearings are mounted on supporting prisms 3.
Suspension arms 4 (with loads 5) are located at a dis�
tance equal to half the screw pitch (t/2) from the ends
of the segment. The shaft flexure is measured by indi�
cator 1.

In Fig. 4, we illustrate the determination of the
screw flexure y as a function of the pressure p in the
pump. In screw housing 2, a hole is bored to accom�
modate a pipe with needle 3. The hole is drilled so that
the needle is in the plane passing though the screw axis
and perpendicular to the plane passing through the
axis of the drive screw and driven screw, while the con�
tact point of the needle and shaft 1 divides the distance
between the screw segments in half. The motion of the
needle is measured by indicator 4. The pump screws
are locked, and oil from another pump is supplied
through pressure tube 7. The oil is drawn off to a mea�
suring tank through suction tube 5. The pressure dif�
ference is monitored by manometers 8 and 6.

In Fig. 5, we plot the experimental curve G = f(p)
and the theoretical curve Pr2 = f(p) from Eq. (2) for the
drive screw 1 and the driven screw 2, with t = 18 mm.
Such curves are also plotted for other screws. The dif�
ference between the theoretical and experimental
results is least for the drive screw. To derive the empir�
ical formula, we use the dependence G = f(p) for the
driven screw, for which the radial force is greater than
for the drive screw. For three screws (t = 14, 18, and
26 mm), the mean is C = Pr2/(Atp) = 1.4. Thus, the
recommended formula for single�turn screws with
De/Di = 1.36 is

(3)

Analysis of Eqs. (2) and (3) shows that the experi�
mental C value is 25% greater than the theoretical
value. Therefore, for other cases, we increase the the�
oretical load by 25% to obtain the experimental load.

In Fig. 6, experimental curve 1 (dashed curve) takes
the form Pr2/(Atp) = f(De/Di). It passes through the
point with coordinates De/Di = 1.36 and Pr2/(Atp) = 1.4

Pr2 1.4Atp.=

Table 1

De/Di Pr1/(Atp) Pr2/(Atp)

1.36 0.556832 1.113664

1.4 0.560124 1.120248

5/3 0.576326 1.152658

2 0.583535 1.167069

Pr1

De

A

Di

Pr1

1 2

Fig. 2. End cross�section of single�turn screw with asym�
metric profile: (1) drive screw; (2) driven screw.

Table 2

Screw

Radial forces on double�flow screws

single�turn 
profile a–b

cycloid engage�
ment 1–2

cycloid engage�
ment 2–3

Drive screw 1.120248Atp 1.034703Atp 1.039586Atp

Driven screw 1.120248Atp 2.079171Atp 0.964920Atp
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and is parallel to theoretical curve 2 (Table 1), which is
described by the formula

(4)

The empirical formula takes the form

(5)

The inverse ratio ν = Di/De (the relative magnitude
of the hub) was used in [5]. It was shown that the direc�
tion and magnitude of the radial force vary in different
positions of the rotating screw. A formula for the mean
radial force was also derived. Tables 3 and 4 present
these parameters when De/Di = 1.4 and 2.

The force Pr1 = Pr2/2 acts on a single barrel of the
screw at a distance t/2 from the ends of the drum
(Fig. 3). It follows from Eq. (4) that theoretically

(6)

From Eq. (5), we obtain the empirical formula

(7)

For two�screw pumps, it is customary to use single�
turn drive screws and driven screws, with 1–1 cycloid
engagement and double�turn drive screws and driven
screws with 2–2 cycloid engagement. The radial force
depends on the length of the closed chamber, which,
in turn, depends on the profile employed [5, 11]. In
Russia, 1–1 and 2–2 cycloid engagements with the
following profiles are employed for two�screw pumps:
(1) d (UE); (2) a (UE + OE); (3) b (OG + OE); (4) b1
(UE + OG + OE); (5) UE + EV + UKE; (6) OG +
EV + OE; (7) UE + OG + EV + OE; (8) UE + OG +
EV + UKE + OE; (9) sealed 1–1 cycloid engagements
with profile OE + UE and UE (a–d) and with profile
UE + EV + UKE and UE. (The notation is explained
in [11].) The closed�chamber lengths are determined
for each profile in [11].

Pr2 1.01 0.08
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Fig. 3. Screw loading.
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Fig. 4. Determining the screw flexure.
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Fig. 5. Dependence of the load G and radial force Pr2 on
the pressure p in single�turn screws: (1) drive screw;
(2) driven screw.
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Table 3 presents the relative radial force Pr1/(Atp)
on a single�flow screw (or on a single barrel of a dou�
ble�flow screw), when De/Di = 1.4 for 1–1 cycloid
engagements and 2–2 cycloid engagements with pro�
files a and with profiles a–d; Table 4 presents the cor�
responding results when De/Di = 2. Values are also
given for the minimum relative length of the screws,
equal to the relative closed�chamber length L1/t. The
calculation is based on different methods [1, 5].

Analysis of Tables 3 and 4 shows that the radial
forces given by Eq. (6) are practically the same as the
maximum radial forces obtained by the method in [5].

The radial forces for single�turn screws and two�turn
screws are also practically the same; the effective
(mean) radial force for the two�turn screw is 4–6.6%
larger than the force for the single�turn screw. How�
ever, the maximum radial force on the single�turn
screw is 2.2–5.4% greater than that on the two�turn
screw (Tables 3 and 4). The radial forces calculated
from Eq. (7), which is obtained experimentally, are
considerably greater than the forces obtained theoret�
ically. This difference may perhaps be explained in that
the actual torque is greater than the theoretical torque
on account of the friction between the working com�
ponents and the liquid being pumped and correspond�
ingly the actual forces are larger than the theoretical
forces. The frictional area is greater for two�turn
screws. Therefore, in pumping high�viscosity liquids,
the actual force is greater on two�turn screws than on
single�turn screws, and this difference will be greater
than we see in Tables 3 and 4.

Since the difference in the radial forces on single�
turn screws and two�turn screws is considerably less
than the difference between the experimental and theo�
retical radial forces on a single�turn screw, calculations
for 1–1 cycloid engagement and 2–2 cycloid engage�
ment may be based on the same formula—Eq. (7),
which is obtained experimentally for 1–1 cycloid
engagement.

Analysis of Tables 3 and 4 shows that the radial
forces on screws with hermetic 1–1 cycloid engage�
ment with profile a–d are slightly greater than those
on screws with profile a. Therefore, in improving the
manufacture of screws with closed profiles for mul�
tiphase pumps, we should use profile a–d, since the
presence of gas in the mixture requires a high degree of
sealing of the working components.

In Fig. 7, we illustrate the calculation of a two�
screw pump with bilateral input. In Fig. 7, S1 is the gap
between the lateral screw profiles; S2 is the gap
between the tooth tip of one screw and the bottom of
the depression for the other screw; S0 is the gap
between the screws and the ring. In this case, the load
is greatest on the drive screw. At points A1 and F1,
torques are applied, respectively, from the drive (Mto)
and from the synchronizing gear (Mto/2); at points C1
and D1, torques are applied from the pumped liquid
(Mto/4). The direction of radial force Pr1 on the barrel
is found by turning segment C1C2 through 90° in the
direction of screw rotation, when we are looking from
the high�pressure section [1]. The determination of
the required pump power Nr with specified parameters
is outlined in [11]. The torque on the drive screw is
Mto = Nr/ω, where ω is the speed of the drive screw;
the azimuthal forces on the synchronizing gear are
P0 = Mto/A, where A is the distance between the rotor
axes. Table 5 presents the basic screw dimensions, the

Pr2
/(Atp)

1.4

1.2

1.0
2.01.81.61.4 De/Di

1

2

Fig. 6. Dependence of force Pr2 on De/Di.

Table 3

Source, formula

 Cycloid engagement 
1–1

Cycloid engagement 
2–2

Pr1/(Atp) L1/t Pr1/(Atp) L1/t

[1] (profile a) 0.538 1.480 0.516 1.230
[5] (profile a)* 0.550/0.475 0.538/0.494
Eq. (6) 0.561 ND** ND
Eq. (7) 0.701 ND ND
[5] (profile a–d)* 0.540/0.504 2 ND ND

Notes: * Maximum/effective (mean) radial force on the screw.
** ND, no data.

See References.

Table 4

Source, formula

 Cycloid engagement 
1–1

Cycloid engage�
ment 2–2

Pr1/(Atp) L1/t Pr1/(Atp) L1/t

 [5] (profile a)* 0.566/0.488 1.445 0.537/0.52 1.195

 Eq. (6) 0.585 ND ND

Eq. (7) 0.725 ND ND

[5] (profile a–d)* 0.572/0.513 2 ND ND

* Maximum/effective (mean) radial force on the screw.
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unilateral gaps S0 between the screws and the ring, the
relative gap S0/De, and the gaps S1 and S2.

A computer is used for strength and rigidity calcula�
tions of stepped shafts. The algorithm for calculating the
flexure of multibearing stepped shafts is based on the ini�
tial�parameter method. In this method, sections of the
screw thread are replaced by a continuous shaft whose
diameter is the mean thread diameter D = (De + Di)/2.
German two�screw pumps include working compo�
nents with S0/De = 0.25 × 10–3, 0.5 × 10–3, 1 × 10–3, and
2 × 10–3 [5]. Most often, S0/De = 0.5 × 10–3 [5]. Approx�
imately the same value (S0/De = 0.425 × 10–3) is used in
the A5 2VV 160/25 pump, characterized by the best
bulk efficiency.

The flexure of the drive screw is greatest between
the two barrels at point K1 or at the end of the screw at
point N1 (Fig. 7); the flexure at the barrels is greatest at
point M1. For normal pump operation, the flexure at
point M1 must be less than the gap S0 between the
drum and the ring. In screw flexure, S1 and S2 are not
as important as S0 but must rule out mutual contact of
the screws. In the absence of contact between the
working components, when liquid with any lubricant
properties is pumped between them, we observe liquid

friction, characterized by a direct dependence of Nr on
the differential pressure p. In the case of nonlubricant
liquid—say, water—when the screw flexure is equal to
S0, the dependence Nr = f(p) is nonlinear; in other
words, semiliquid friction appears.

Table 6 presents test data for pumps with water sup�
ply. For A5 2VV 160/25 and A3 2VV 63/25 pumps,
nonlinearity of the Nr = f(p) curve is observed; for
A5 2VV 50/25 and A5 2VV 63/25 pumps, there is no
nonlinearity on account of the small screw flexure at
rated pressure.

Table 6 shows that the calculated flexure is equal to
the gap for the A5 2VV 160/25 pump; this corresponds
to nonlinearity of the Nr = f(p) curve. For the A3 2VV
63/25 pump, semiliquid friction sets in at a flexure
Wm1 = 0.129, which is less than S0 = 0.17 mm. This
may be attributed to manufacturing errors of the work�
ing components and poor pump assembly. For the
A5 2VV 63/25 and A5 2VV 50/25 pumps, the calcu�
lated flexure (0.028 mm) is considerably less than S0 =
0.17 mm. Therefore, liquid friction between the work�
ing components may be assumed. This confirms the
validity of the formulas for the radial forces on the
screws and the calculation scheme.

D
E E1

E2

Mto Mto/4 Mto/2Mto/4

Pr1Pr1

E1
F1

B1 C1 D1A1

K1 M1
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D2

S1S
2S
2

S
0

S
0 S
0

LnLn

D
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L

t/2 t/2
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F1B1

B2

A1

F2

Fig. 7. Calculation scheme for two�screw pump with bilateral input.

Table 5

Pump
Cycloid 
engage�

ment
Profile

De Di t Lb L S0 S1 S2

S0/De × 103

mm

A3 2VV 63/25 2–2 UE + EV + UKE 175 125 56 230 1320 0.17 0.15 0.3 0.971

A5 2VV 50/25 1–1 UE + OG + EV + UKE + OE 175 125 36 185 1016 0.17 0.1 0.1 0.971

A5 2VV 63/25 1–1 UE + EV + UKE 200 100 30 120 890 0.17 0.1 0.15 0.85

A5 2VV 160/25 2–2 UE + EV + UKE 200 100 62 210 1080 0.085 0.1 0.1 0.425
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Oil is characterized by considerable lubricant prop�
erties. Therefore, reliable pump operation is possible
even when the calculated flexure exceeds S0.

Table 7 presents results for pump operation with oil
of viscosity ν = 0.74 × 10–4 m2/s, with a linear Nr = f(p)
curve—in other words, with liquid friction between
the working components.

For A5 2VV 160/25 and A3 2VV 63/25 pumps,
Wm1 > S0, but the Nr = f(p) curve is linear. For A5 2VV
63/25 and A5 2VV 50/25 pumps, Wm1 < S0.

A three�bearing system is used in the A8 2VV 50/40�
30/40, A8 2VV 80/40�40/40, A8 2VV 125/40�80/40, and
A8 2VV 8/50�4/30 pumps at p = 4 MPa [7–10].

The A5 2VV 50/25�40/20 (A5 50/25) multiphase
pump is designed for water supply at p = 2 MPa. The
A8 2VV 50/40�30/40 (A8 50/40) pump has the same
geometry of the working components as for the
A5 50/25 two�bearing pump, but includes an extra
bearing for the synchronizing gears. This reduces shaft
flexure at the synchronizing gears, the barrels, and the
clutch.

In Fig. 8, we show the flexure of the drive screw in
the A8 50/40 two�bearing pump when p = 4 MPa; in
Fig. 9, we show the corresponding graph for a three�
bearing pump. At p = 4 MPa, the radial hydraulic force
on a single barrel at a distance t/2 from the high�pres�
sure end is found from Eq. (7): Pr1 = 15140 N. Since
the profiles of the drive screws and driven screws are
the same, the hydraulic torques on the screws will also
be the same. Hence, the radial force on the synchro�
nizing gear is P3 = M/A = 6270 N, where M = N/ω =
941 N m is the torque at the pump shaft; N = 140 kW
is the pump power required when ν = 10–3 m2/s; ω =
151.84 rad/s is the drive speed; A = 0.15 m.

In a three�bearing pump, the screw flexure is less
than in a two�bearing pump (Figs. 8 and 9):

the maximum flexure at the synchronizing gears is

yN2
/yE3

0.085/ 0.0075–( )– 11.3;= =

Table 6

Pump p, MPa S0, mm Pr1, N Wm1, mm

A5 2VV160/25 1.7 0.085 11460 0.081

A3 2VV 63/25 1.8 0.17 10600 0.129

A5 2VV 63/25 2.5 8160 0.028

A5 2VV 50/25 2 7570 0.028

Table 7

Pump p, MPa S0, mm Pr1, N Wm1, mm

A5 2VV160/25 2.5 0.085 16860 0.119

A3 2VV 63/25 2.5 0.17 14720 0.180

3 17660 0.216

A5 2VV 63/25 3 0.17 9790 0.034

A5 2VV 50/25 11350 0.043

yC2
 = 0.0812

y, mm

yN2
 = –0.085

0.04

0.01

–0.04  Flow direction

RA2 = 16405 N RB2 = 15140 N
C

P1 P2
t/2 t/2

B

P3

P3 = 6270 N

N
K A–0.08

yK2
 = –0.067

P1 = P2 = 7605 N

0

0 200 400 600 800 1000

Fig. 8. Drive�screw flexure in A8 2VV 50/40�30/40 two�screw pump at p = 4 MPa.
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the flexure around the barrel ring (at point C) is

the maximum flexure at the clutch is

A deficiency of the three�bearing structure is
increased radial force on bearing B /  =

19689/7605 = 2.59.

The force on bearing A, conversely, is somewhat
reduced: /  = 14035/16405 = 0.855.

A benefit of the three�bearing structure is improved
operation of the synchronizing gears.

To eliminate screw contact with the ring while
maintaining acceptable bulk efficiency, we specify the
following dimensions of the working components and

tolerances: De = H7; Di =  diameter of

aperture in ring  A = 150+0.02; the pitch of the
single�turn screw t = S = 36; barrel length L = 180;
S0 = 0.16–0.175; S1 = 0.1–0.125; S2 = 0.135–0.14;
S0/De = (0.914–1) × 10–3; S1/De = (0.571–0.714) ×
10–3; S2/De = (0.771–0.8) × 10–3.

The three�bearing structure permits doubling of
the pressure! The screw profile UE + OG + EV +
UKE + EV facilitates reliable pump operation and

yC2
/yC3

0.0812/0.06 1.35;= =

yK2
/yK3

0.067/ 0.05–( )– 1.34.= =

RB3
RB2

RA3
RA2

175 0.35–
0.3– 125+0.07

+0.08
;

175+0.02
+0.05

;

increased working life of the cutting tool in screw pro�
duction [11].

Note that the small screw pitch (t = 36, t/De ≈
0.206) reduces the radial force on the screw, which is
directly proportional to the pitch, as we see in Eqs. (2)
and (3), and increases the number of closed chambers
over the length of the drum: N = L/S – 0.5 = 4.5. In
addition, dynamic balancing is simpler with smaller
pitch of the single�turn screw.

The A8 2VV 125/40�80/40 (2VV 125/40) pump dif�
fers from the A8 2VV 80/40�40/40 (2VV 80/40) pump
only in the pitch of the single�turn screw (t = 46 mm,
rather than t = 30 mm) [8]. In addition, a smoother lat�
eral profile is employed: UE + OG + EV + UKE + OE,
rather than UE + EV + UKE [11]. This reduces the
wear when the pumped liquid contains abrasive and
extends the tool life in cutting the screws [11].

The three�bearing 2VV 125/40 pump is made in two
versions: with a rear gear (Fig. 10) in the housing of the
2VV 80/40 pump [8]; and with a front gear (Fig. 11),
with improved cooling of the synchronizing gears by an
air flux from the electric motor. The additional bearing
practically eliminates flexure of the shaft in the region of
the gears, which reduces mechanical losses and noise.
In addition, screw flexure is reduced, which is impor�
tant for two�bearing pumps, since screw contact with
the ring is impermissible.

In Fig. 10, we illustrate the calculation of the flex�
ure of drive screws and driven screws in the vertical

yC3
 = 0.06

y, mm

0.050

0.025

–0.025  Flow direction

RA3 = 14035 N RB3 = 19689 N
C

P1 P2

t/2 t/2

B
P3

P3 = 6270 N

NK

A

–0.08

yK3
 = –0.05

P1 = P2 = 15140 N

0

0 200 400 600 800 1000

yC3
 = –0.0075

E

D

RD3 = 9714 N

Fig. 9. Drive�screw flexure in A8 2VV 50/40�30/40 three�screw pump at p = 4 MPa.
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Fig. 10. Calculation of flexure and bearing reaction for
drive screw (a) and driven screw (b) of 2VV 125/40 pump
with rear gear.
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Fig. 11. Calculation of flexure and bearing reaction for
drive screw (a) and driven screw (b) of 2VV 125/40 pump
with front gear.

plane and the bearing reactions for 2VV 125/40 pumps
with a rear gear; in Fig. 11, we illustrate the same cal�
culation for a pump with a front gear.

To rule out screw contact with the ring, while
retaining bulk efficiency, we specify the following
dimensions of the working components and toler�

ances: De =  Di =  diameter of aper�

ture in ring 200 H7; A = 150+0.03; t = S = 46; L = 230;
S1 = 0.12–0.15. For pumps with a front gear, S0 =
0.16–0.18; S1 = 0.18–0.22; S2 = 0.18–0.22 (according
to the drawing, S2 = 0.1–0.15); S0/De = (0.8–0.9) ×
10–3; S1/De = S2/De = (0.9–1.1) × 10–3.

The pump is intended to supply water at p = pout – pin =
4 MPa. Tests with the supply of water and water–air
mixture are conducted using a booster centrifugal pump,
which ensures an input pressure pin = 0.3–0.4 MPa at the
two�screw pump. The geometric supply of the pump
with a shaft speed n = 1450 rpm is 167.54 m3/h. The
2VV 125/40 three�bearing pump ensures operation at
p = 4 MPa for oil or water supply and also with brief

200 0.40–
0.35–

; 100+0.10
+0.15

;

pumping of gas locks. The pump power required for
designs with front and rear gears is practically the same.
To compare the designs by the initial�parameter
method, we determine the flexure at the most important
points of the screws and the bearing reactions (Figs. 10
and 11).

Besides the three�bearing structure, a two�bearing
pump with a rear gear is considered, without an addi�
tional bearing for the synchronizing gear. In tests of
the 2VV 125/40 pump with a rear gear at n = 1450 rpm,
p = 4 MPa, and ν = 70 mm2/s, we determine the
torques at the synchronizing gear Mto = –1254 N m, at
the barrels M1 = M2 = 313.5 N m, and at the synchro�
nizing gear M3 = 627 N m; the radial force at the gear
P3 = – 8360 N; and the radial forces at the barrels P1 =
P2 = 20 010 N (Fig. 10).

Table 8 presents the flexure of the drive screw at the
most important points for these three pumps.
Although the maximum screw flexure structure is
between points D and E, the flexure at points D and E
determines the minimum permissible gap between the

Table 8

Point

Gear position

rear front

 three bearings (Fig. 10a) two bearings three bearings (Fig. 11a)

y, mm R, N y, mm R, N y, mm R, N

A –0.0809 – –0.1022 – 0.0364 –

B 0 –17555 0 –20660 0 –18260

C 0.0824 – 0.1054 – 0.0636 –

D 0.1364 – 0.1807 – 0.1293 –

E 0.1347 – 0.1809 – 0.1304 –

F 0.0646 – 0.1046 – 0.0723 –

G 0 –28993 0 –11000 0 –24679

H –0.0109 – –0.0809 – –0.0145 –

K 0 14888 – – 0 11279
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screw and the ring. The maximum flexure of the two�
bearing pump at point E is 0.1809 mm, which is 1.326
times greater than the maximum flexure at point D of
the three�bearing structure with a rear gear and
1.387 times greater than the maximum flexure at point
E of the three�bearing structure with a front gear. The
maximum flexure of the three�bearing structure with a
front gear is only 0.006 mm less than that of the struc�
ture with a rear gear but is considerably less (by
0.0445 mm) than the flexure at the point of clutch
attachment (point A). The flexure of the driven screw
is less than that of the drive screw, but the load at the
bearings is greater (Table 9). The bearing load in the
three�bearing structure with a rear gear is greatest at
point G1  = –37130 N), where it is 1.286 times the

load in the two�bearing pump and 1.07 times the load
in a three�bearing structure with a front gear.

Thus, the three�bearing structure with a front gear
is characterized not only by better cooling but by
slightly better screw rigidity and bearing load than for
the structure with a rear gear. However, the bearing
load is less for the two�bearing pump.
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Table 9

Point

Gear position

rear front

 three bearings (Fig. 10b) two bearings three bearings (Fig. 11b)

y, mm R, N y, mm R, N y, mm R, N

A1 –0.00807 – –0.0098 – 0.005 –

B1 0 –18050 0 –19514 0 –18024

C1 0.0623 – 0.0708 – 0.0619 –

D1 0.1188 – 0.1374 – 0.1268 –

E1 0.1182 – 0.1378 – 0.1279 –

F1 0.0565 – 0.0741 – 0.0710 –

G1 0 –37130 0 –28866 0 –34703

H1 –0.0067 – –0.0382 – –0.0082 –

K1 0 6800 – – 0 4347
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