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Abstract. In this paper are presented the power losses andesoof their occurrence in worm
gear reducer. These are the losses that occuricdbpling of worm teeth and worm gear,
losses in bearings, seals and oil churning powsselp in the transmission. Power losses are
determined for the actual model of worm gear redume the specialized testing device AT200
at the Center for testing power transmission at Eheulty of Engineering in Kragujevac,
Serbia. The total losses are determined for differalues of input number of revolution,
output torque and by variation of types of oil, @wling to the pre-defined experiment plan.
The aim of the paper is an experimental proof ebtktical assumptions of the influence of
various factors on losses in the worm gear reducer.

1. Introduction

The transfer of mechanical energy (Figure 1) fréw drive to the working machine is achieved by
means of transmission shafts, couplings and geagiokn contrast to transmission shafts and
couplings, gears can carry out transformationshef $peed, torque, and sometimes direction of
rotation [1].

The gearboxes transmit the movement and torque @moenshatft to the other by means of a link
made by a toothed gear. During this transfer, tiee®e certain transformation of the number of rpm
and torque. The gear pairs are the simplest foria géar boxes composed of two gears. One gear is
drive, while other is driven. The drive gear traitsnmovement and torque to the driven. The gears
forming a pair of gears are called coupled gedts [2

l Drive machine I—l Gearbox I—IWOrking machinel

Figure 1. Scheme of mechanical energy transfer.

The worm pair or worm gearbox is a type of gearvbwse axis passes, most often at an angle of

90°. The worm gear unit consists of a worm gear (H) amvorm (2) shown in Figure 2. The angle at
which the axes pass by can be greater or lessd®anf the driving part of the gearbox is a worm

then a reduction in the speed is performed, atitkifvorm gear is a drive part then the multiplicati

of the speed is performed. Since the efficiencthefmultiplier is much smaller, worm gearboxes are
most commonly used as reducer [2].
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Figure 2. Worm gear and worm.

2. Efficiency of worm gearboxes

The ratio of output and input power is efficiendygearboxes. Compared to other types of gearboxes,
the worm gearbox has a lower value of the efficyefihe reason for the difference between the input
and the output power is the power losses occumittige gearbox. The efficiency of the worm gearbox
is determined as the ratio of the output poweh#&input [2,3]:

PI PI_F()B %
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where P, - input power [W], B, - output power [W],P; - total losses of power [W];

From the previous expression, it can be conclutlatithe output power is equal to the difference
in the input power and the power lost to varioysety of resistance, which is mostly converted into
heat. The degree of loss is the relationship betwee power that is lost and the input power, and i
can be concluded from the previous expressionithhis ratio is lower the efficiency is higher and

vice versa. I3 is power applied on worm, aidl is power applied on worm gear, in the case where

the worm is drive element, the efficiency can bpregsed as [2,3]:
= In case where worm is drive element:

p=ifs_F @
R R+R
= [n case where worm gear is drive element:
p=ttes B ©)
R, R+R

3. Power losses in worm gearbox
The total power losses occurring in the worm gearbansist of the loss of power due to the slip

resistance of the worm pair during moveméfy , the power loss occurring in the bearifgs and
the loss of power during idlinig;, . So the total power losses can be determined,3k [2
PG = I:)Gz+ I:)GL+ PG) (4)
E’Zhg]loss of power due to the slip resistance ofatbem pair during movement, can be determined as
R, = RO, oy (5)
where are:F, - normal force on the side of the tooth [N}, - coefficient of friction of worm gear

pair, V, - sliding speed n/s],which can be determined by the following expresd2,3]:
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whered ;- is middle circle diameter [m]p, - is rpm of wormmin~], V..~ is an angle of inclination
of the coil.
The loss of power during idling can be determingdhte following expression[2,3]:

P, =107 AL ) (% + 90 7
0 =107 TS ) T2+ 00) @

where: a- is a distance between the axes [mm]; is rpm of warmmin™], Vo~ IS a kinematic

viscosity of oil on40° [ mm? /s].
The power loss occurring in the bearings can beroiéhed by the following expression [2,3]:
P,. = R[{0,005...0,01- if roller bearings are embedded on the shaftsvefm and worm gear.

P,, = R[{0,02...0,03- if sliding bearings are embedded on the shdftgoom and worm gear.

A number of authors have researched the influefickfferent factors on power losses in worm
gearbox. Miltenovic et al. [4] have researched paesses in worm gear, in which there was synthetic
oil GH6-1500, at the value of the input numberenfalutions of 5000 mifh and different values of the
output torque. The measured efficiency values rdnigethe interval ofp = 0.52 + 0.71, where the
higher values were found at higher load.

Stockman et al. [5] have tested the efficiencieshateen different gearboxes, using specially
designed equipment, and found that at higher itgngfues and lower transmission ratios, the higher
efficiency values are obtained. Mautner et al.uyg§d FZG equipment to test the influence of viggosi
and type of the oil on efficiency of a large siaedrm gearing with center distance a=315mm. By
using the high viscosity synthetic polyglycol difQ VG 460) the measured efficiency values were
higher compared to lower viscosity synthetic c8@ VG 220).Herman [7] and Muminovic et al. [8]
have also emphasized the advantages of the usagatattic oils compared to mineral oils, where the
higher efficiency values were obtained.

4. Factors which affect the loss of power

In order to reduce the power losses occurring @wvtbrm gearbox, it is necessary to choose the ideal
combination of geometric parameters, lubricatiomaterials, working conditions, etc. It is therefore
very important to know which parameter and how mitciffects the losses of power in the worm
gearbox [9]. Below are some of the parametersadffatt the power loss of the worm gearbox. The
influence of the input number of revolutions to gwver losses are shown in figure 3.

0.40
w = 100 mm = 205

.35 | 16MACI5/CuSn1ZNiZ-C-GZ ] Paz

. T, = 870 Nm B Px
o 0.30

0.25 . P
w ¥
- m P
802
5
g 015 —
g
& 0.10 4
os £ —
pema—— =~ ]
190 300 500 700 g00 1100 1300 1500

input speedn; ! min'

Figure 3. The influence of the input number of revolutionghe power losses [10].
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Figure 4. The influence of the output torque to the powssés [10].

In this regard, the lower value of the rotatiorzéed leads to greater power losses. The part of the
loss in the gearbodk;, increases with the reduction in the value of timut rotational speed, because

the friction coefficient in the contact zone in@ges, when the number of rotations rises. The impfact
loss in bearings and losses in idle mode is reduéttda decrease in the value of the speed, but non
of these effects has such a large impact as thengelasses [11]. As the value of the input speed
affects the efficiency, the output torque alsouafices the efficiency of the worm gearbox. Usually
lower values of the output torque affect the lowalue of the efficiency. By examining the medium-
sized worm gearboxes, in the work [12], the presiassertion was proved. Figure 4 shows the effect
of the output torque to the power losses [11].

Regarding the influence of the viscosity of thericént on the efficiency, the viscosity lubricants

220 and 460 were tested under the same test cumlitinput speed, = 300[ min'1] and output

torqueZ’, =10[ KNm]). It has been observed that a higher efficiercyobtained with higher oil

viscosity values [11].

The influence of the lubricant type on the effigdgrof the worm gearbox is high. Generally,
synthetic lubricants lead to a reduced frictionfioent compared to mineral oils. Lower power
losses and, therefore, a higher efficiency comé witower friction coefficient [21]. The effect tfe
oil type is also described in DIN 3996 [10]. Thermogearbox, which has a mineral oil as a lubricant,
has a higher value of power losses than thosechtied with polyglycol. Figure 5 schematically dépic
the effect of the type of oil on the power losskthe worm gearbox [11].
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Figure 5. The influence of the oil type to the power lossH3 [



KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012050 doi:10.1088/1757-899X/393/1/012050

Figure 5 clearly shows that the only effect of loant on the power losses is exactly the loss @f th
gearing. This is explained by the fact that thénbighe friction coefficient is whetihe lubrications
carried out with mineral oil. Other effects are mdluenced by the type of oil.

5. Results

Worm gear reducer was tested on the AT 200 deViows in Figure 6 a). The AT 200 is used for
determining the efficiency of gears; the basic gaftthe device are: 1-dynamometer at the input, 2-
motor, 3-worm gear reducer, 4-brake, 5-brake le&@hassis and 7-dynamometer at the output. This
device is connected to the control unit (Figure @b)which the input number of revolutions is
regulated, that is, the number of revolutions @& thotor shaft, as well as the braking force of the
brake also regulated on the control unit [13].

(b)
Figure 6. DeviceAT 200 (a) and control unit (b) [13].

The values of the current intensity on the brake, ihput speed, and the type of lubricant were
varied, i.e. lubricants with different viscositylvas were used. Current intensity values vary féoin
[A] to 0.2 [A], with a change interval of 0.025 [AThe values of the input speed were 1500 fihin
1750[mint], 2000[min?], while the lubricants used for testing had a ety value of 220 [m#fs]

460 [mnt/s], 600 [mnd/s], and 680 [mris].
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Figure 7. Efficiency depending on the test time.
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The test was carried out by changing the valuaugkat intensity on the brake for one value of the
oil, for the same values of the input speed, tte value of the output torque. The value of theent
intensity changed from 0.1 [A] to 0.2 [A], on evelyb hours by 0.025 [A], which is a total of eight
hours for one type of lubricant and one value efitiput speed. For a current intensity of 0.1 fAg
test lasted 2 hours, because worm gearbox needeihB@es to achieve the operating temperature and
it is only then that the lubricant formed hydrodymic layer (Figure 7). The reading of the resulésw
carried out every 15 minutes. Figures 8, 9 andhvsthe influence of the lubricant viscosity value
on the worm gearbox efficiency value for the difietr values of the input rotational speed.
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Figure 8. Influence of the oil viscosity value on the efficgy of
worm gear reducer for input rotational speed ofQlEoin .
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Figure 9. Influence of the oil viscosity value on the effiocy of
worm gear reducer for input rotational speed ofQlL[rBin .
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Figure 10. Influence of the oil viscosity value on the effioty of
worm gear reducer for input rotational speed of@pin1.
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6. Analysis of results

On all diagrams of the dependence of current iitierm brake on worm gearbox efficiency, at
different values of the input speed and the vidgosf the lubricant, it can be seen that with the
increase in the value of the output torque theciefficy of the worm gearbox also increases. This is
explained by the fact that, when increasing th@uiibrque, the losses that occur during the ojerat
of the worm gear are drastically reduced in acawrdawith the literature [10] and [12]. In previous
diagrams showing the efficiency for the same lubricviscosity values but at different values of the
input speed, it can be concluded from all diagrémas with the increase in the value of the spdeal, t
efficiency of the worm gearbox also increases. Mmewhat higher difference in the value of the
utilization rate was observed between the valu¢hefinput speed 1500 [mthand 1750 [miri],
rather, between the value of the input speed 1@80?% and 2000 [miri], for all four values of the
viscosity of the lubricant. With the increase ie thalue of the input speed, there is a reductidhén
losses that occur in the worm gear. Losses in gearBave the greatest impact on the reduction, as
with the increase in the speed, the friction caoedfit in the contact zone and consequently losges a
reduced. Also, as the number of rpm increases|a$ses in bearingBs. and losses in the empty
strokePgso are reduced, but their influence is considerablyelg according to the literature [11].

In the previous diagrams showing the dependenteeofiscosity of the lubricant on the efficiency
of worm gearbox, for all three values of the inppéed, it can be concluded that increasing thesvalu
of the viscosity increases the value of the efficie It is important to note that the increaseha t
value of the efficiency with the increase in visgpdgor the lubricants of the manufacturer FAM
(viscosity lubricants 220 [mffs], 460 [mnd/s] u 680 [mn?/s)), is clearly seen. Increasing the viscosity
leads to an increase in power loss at idle speadlebs overall loss, as the lubricant film is bett
formed in the contact zone, so the losses areiteascordance with the literature [11]. Also, #hé a
clear difference between the lubricants which valfreiscosity are 220 [m#fs],460 [mni/s] and 680
[mm?s]) and lubricants which viscosity is 680 [r#8]),significantly higher values of efficiency were
obtained for the lubricant which viscosity is 680nf¢/s]), even for a lower value of output torque. It
is important to note that larger differences arsenbed at lower values of the current intensitytran
brake, i.e. the lower values of the output torgbet at higher values where this difference is
significantly lower. The differences that occur dre to the types of lubricants, because the labtic
with viscosity value of 220 [m#ffs],460 [mn3¥/s] and 680 [mrtis]) are mineral oils, and the lubricant
which viscosity is 680 [mAfs]) is synthetic grease. Losses in gears are figigntly higher in
lubrication with mineral lubricants due to the tegtfriction coefficient in the contact zone. Other
losses and their impact on total losses do notrdkpa the type of lubricants, in accordance with
literature [11] and [10].

7. Conclusion

Power losses in gearbox vary from 0.5% to over 8ti#érefore more attention is paid to ways for
their reductions in order to increase the valueftitiency. Regardless of the fact that worm gears
have a lower value of efficiency than other geaith whe same transmission ratio and dimensions,
they are still very interesting because they argk# and inexpensive. Improving their efficiencyin

line with the continuous development of standaiferent working conditions of worm gear reducer
lead to different values of efficiency. At higherput rotational speed and higher output torques,
higher efficiency values were measured. The tymkvéstosity of the oil have a great influence oa th
efficiency of the worm gearbox. Numerous studievehahown that smaller losses, or higher
efficiency, occur with the use of synthetic lubritsin relation to mineral, which has been in prove
in this work. Synthetic lubricants are more expemdbiut over time they pay due to a number of
advantages over mineral. Since in practice it ipdssible to achieve absolute efficiency (lossless
operation), the main task of the constructor besothat constructive solutions in terms of choosing
geometry, materials, but more and the type andsigcof lubricants to reduce power losses as much
as possible. In this paper it is justified that twrect selection of input rotational speed, outpu
torque, type of lubricants and viscosity can redosses and increase the efficiency.
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