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DETERMINING THE VALUES OF DIFFERENTIAL ACCURACY INDICATORS OF
SPUR GEARS BASED ON THE RESULTS OF THE DOUBLE FLANK GEAR TEST

The Double Flank Gear Test is most commonly used method for quality control of gears. Researched
experimentally the possibility of determining some differential indicators of accuracy on the results of the double

flank gear test.
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Introduction

It is known that the double flank gear test (DFGT)
is the only method which allows measuring indicators
from all 4 accuracy norms for gears while performing
these tests at a single setting of the measured gear. At
the same time, it is possible to simultaneously measure
four complex indicators of the norms for kinematic
accuracy, smoothness (cyclic error of the gear
£, = 0,3636 f';,), contact and backlash [1]. This unusual
fact in gear metrology is an effect of the big amount of
data, obtained from double flank measuring per revolu-
tion. This data is a significant base and a prerequisite for
indirect assessment of the values of specific differential
and set-up indicators for the accuracy of the controlled
gear. The data correlates sufficiently to the results from
the direct measurement of the indicators. This fact al-
lows for significant widening of the possibilities of the
most productive method for acceptance control, thus
assigning to it a principally new place in the gear meas-
urement process [2, 4, 5].

Discussion

There are opinions [1] and research [3, 4], showing
that from one DFGT gearing there is a real possibility to
obtain measurement information about the accuracy
indicators base pitch error fi,, and the misalignment
error of the involute profile fy, (respectively the error of
the involute profile f;), as well as the errors Fy, of the
real value of the base diameter (set-up error) and f, of
the profile angle of the gear-cutting tool.

It is known that for cylindrical gears with straight
teeth the deviation fy,, provokes deterioration of the
smoothness of operation of the gearing. When grinding
gear-teeth, the deviation of the average value of the base
pitch on both sides of the tooth is provoked by the pres-
sure angle error f5 of the grinding disk [1].

cluding geometrical and kinematic eccentricities when
machining, the radial deviations of the base circle Fgyp,
and the pressure angle when setting up the gear cutting
machine tool, the radial run-out of the worm gear mill
during tooth cutting, and the wear-out of the cutting
edge of the cutting tool [1]. The index f; is formed by
two components, one of which is systematic and is
called profile angle error of the involute profile fig
(Fig. 1). The deviation fys provides information on the
condition of the profile angle of the machining tool,
respectively its sharpening error or wear-out.
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Fig. 1. Total error of the involute profile

Known are the following dependencies which re-
late the results from complex DFGT with differential
and set-up indexes [1, 2]:

— base pitch error:

fobr = fpom = 2fimsinay, ; (1
— profile angle error of the tooth cutting tool:

£ oo 2fy sina, - 2fi @)

“ Tmsin o mm

- profile angle error fys (fs):
i, = fir,.z.sin o, tga : 3)
b
— error of the real value of the base diameter:

" :
2f, sinoly, .z

The involute form error f; is provoked by some Fy, = @)
characteristic errors of the technological process, in- T
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The article aims to present the results from an ex-
perimental research of the possibilities of the DFGT for
technological control of cylindrical gears.

The research has been carried out using a center-
distance gear-rolling tester MI1-400 (MC-400), modern-
ized as a result of a project of the Scientific Research
Fund of the University of Ruse ‘Angel Kanchev’. The
device is equipped with a circular and linear encoder
transducers and a module for connection to a personal
computer, and processing and visualization of signals,
by National Instruments, operating in the software Lab-
View.

The research aims to use standard gears to meas-
ure multiple times 30 experimental gears divided into
3 groups with different modules and number of teeth
- 1.75 mm (z=60 teeth), 3 mm (z=48 teeth) and 4.5
mm (z=30 teeth). The obtained coefficients of over-
lapping are €=1.78 for m=1.75 mm, &=1.75-1.60 for
m=3 mm and &=1.65-1.49 for m=1.75 mm. Some of
the gears are produced with deliberately specified
base circle errors Fg,, the sharpening angle of the
grinding disk f; and with positive corrections with
coefficients x=+1,1 and x=+1,0, as well as come
combinations between them.

18 measurements have been carried out for each
gear — three times in both rotation directions, with three
starting points for taking into account the turning, offset
by 90 degrees or 540 measurements in total.

The elementary measurement of the base pitch de-
viation f,, is done using a universal gear-tooth measur-
ing device by Carl Zeis Jena with 0,001 mm interval of
the indicating device. Three measurements have been
made on the right and left hand side profile of each
tooth, or 8316 measurements in total.

The elementary measurement of the profile form
error of the tooth fj; is done using a universal involute
profile measuring machine K3Y-M (KEU-M), class B,
with a constant 1 =0,001 mm.

Performed are six-fold measurements of both
profiles (right and left) of four teeth, offset from each
other at 90 degrees on the gear crown - 1440 meas-
urements.

The measurement results and the results from the
calculations of dependencies (1), (2), (3) and (4), are
processed statistically, summarized and presented in
tables 1 and 2.

The analysis of the obtained experimental results
yields the following general findings and conclusions:

e For gears with little or no deviations AG,, of the
gearing angle 0y, there is a very good correlation be-
tween the directly measured values of the base pitch
errors and the values determined using DFGT. In this
case, the correlation coefficient between the deviation of
individual gears is within the range 0.72-0.78, and its
value for the respective average values from multiple
repetitions is 0.88 - 0.99;

Table 1
fo, min
Group of gears | specified | obtained Uncertainty
X min
ml,75/ z=60 -30 -11 +4.,9
m 3/ z=48 -30 22 +12,2
m45/7z=30 1 30 | 157 £9.9
X=+1,0;
Fdb, mm
Group of gears | specified | obtained Uncertainty
X Mm
ml,75/ z=60 50,4 87 +12,2
m 3 /248 66 196 +52
X=+1,1
m4,5 / z=30 80 67 +7,2

e For gears with significant deviations of the pro-
file angle 6, which also provoke big deviations of 0,
expectedly the variations of the measurement center-to-
center distance per tooth f;; also increase, as well as the
respective deviations of the measured values of the base
pitch. The presence of interference when measuring
strongly distorts the measurement results;

e The method for determining the profile angle
error of the gear tooth cutting tool f; is sensitive towards
the presence of such an error and may be used for pre-
ventive control of its occurrence. It is sensitive even in
the presence of big radial correction x. One should be
warned for values bigger than 0,01 mm. The method
yields better results for smaller number of teeth, respec-
tively for smaller coefficient of overlapping €. The big
number of teeth, especially for smaller modules, as well
as for lower degrees of accuracy, distort the measure-
ment result. Similar results are obtained also when de-
termining the error of the real value of the base diameter
Fgp- better results are obtained for gears with less teeth
and a bigger module, regardless of the influencing fac-
tors, such as accuracy level, correction, etc. This means
that in both cases for a longer active, respectively for a
longer gearing line, the deviation of the obtained results
is smaller;

e Since the average deviations ", are always
positive (sign +), then the errors and the elementary
indexes defined using these deviations should be used
for preventive control of the technological process.

Summaries

The results from measuring cylindrical gears us-
ing double flank gear test can be used for preventive
control of the technological production process while
assuring a coefficient of overlapping of the measure-
ment gear €= 1.05 and absence of measurement
interference.
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Table 2
m=1,75 left |right|middle fpbr,Mm ffr,Mm
7z=60 | Gear [f"im|f"im| f"im |Direct measurement, Mm| Obtained,mm [Direct measurement, mm |Obtained,mm (fHG)
mMm | mMm [ mm | left | right | middle |left|right|middle| left | right | middle | left |right|middle
norm | 1,2,3 717 7 -12 -8 -10 515 5 -8 -7 -8 17 | 16 16
o 4,5,6 9 8 8 20 17 19 6| 6 6 12 11 12 21 | 19 20
Fdb 7,8,9 7 6 7 -16 -11 -14 51 4 5 -14 -13 -14 18 | 14 16
X 8 | 7 7 -3 0 -2 515 5 -3 -3 -3 18| 17 17
Uncert+| 0,1 (0,1 | 01 | 1,7 | 1.3 1,5 fo1]o1| o1 | 12| 1,1 1,1 o202 02
m=3 left |right|middle fpbr,Mm ffr,Mm
7z=48 Gear |[f"im|f"im| f"im |Direct measurement, Mm| Obtained,vm [Direct measurement, mm [ Obtained,mm (fHO)
mMm | mMm [ mm | left | right | middle |left|right|middle| left | right | middle | left |right|middle
norm [10,11,12] 14 [ 15| 15 [ -17 | -10 14 |10|10] 10 | 30 | -15 23 |27 29| 28
fo |13,14,15] 30 | 31 31 39 27 33 211 21| 21 56 41 48 58 | 59 58
x=1,1 116,17,18] 22 | 21 22 -26 -9 -17 171 17 17 -19 -7 -13 47 | 47 47
Xli(%l,)l 19,20,21] 17 | 16 16 -24 -6 -15 13113 13 -14 -10 -12 36 | 35 36
X 20 | 20 20 -10 -1 -6 151 15 15 -4 0 -2 41 | 41 41
Uncert.£[ 0,5|0,5| 0,6 | 2,3 1,3 1,8 0,403 03 2,8 1,9 2,4 L0 1,0 1,0
m=4,5 left |right|middle fpbr,Mm ffr,Mm
z=30 Gear |[f"im|f"im| f"im |Direct measurement, Mm| Obtained,vm [Direct measurement, mm [ Obtained,mm (fHG)
mMm | mMm [ mm | left | right | middle |left|right|middle| left | right | middle | left |right|middle
norm |22,23,24] 16 | 12 14 -23 -11 -17 11} 8 10 -41 =27 -34 20 | 14 17
Fdb [25,26,27] 10 | 10 10 -12 -1 -7 71 7 7 -22 -15 -18 12 | 12 12
x=f?,0 28,29,301270 {270 | 270 | 266 | 278 272 |221(221| 221 | 264 | 251 257 385(385| 385
x |142|140] 141 | 124 | 136 130 |115|114] 115 | 116 | 115 116 [200] 199 [ 200
Uncert.+[10,2(10,4] 103 | 11,2 | 11,3 | 11,3 [8,5]8.6] 85 [11,8| 11 11,3 [14,7]148] 14,8
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Peunensent: 1-p Texs. Hayk, npod. M.I1. 3axapos, XapbkoBckuii
HAllMOHAIbHBIN YHUBEPCUTET PafHOIEKTPOHUKH, XapbKOB.

ONPEOENEHUE 3HAYEHUA ONODEPEHLMANBHbIX I10KA3ATEJ1EI7I TOYHOCTU LIMNNHOPUYECKNX
3YBYATbIX KOJIEC MO PE3YJIbTATAM KOMMIEKCHOU ABYXMPO®UIIbHOU NMPOBEPKU

B.[. Corupos, C.I'. Banos, 11.C. XKenesapos

Komnaexchas 08yxnpogunvhas nposepka agnsiemcs Haubonee pacnpocmpaHenibiM MemoOOM KOHMPOS, KA4eCcmed YuluH-
Oputeckux 3youamvix Konec. IKCNePUMEHMATLHO UCCTEO08AHbI 60ZMOICHOCHIU ONPEOENeHUsl YUCIEHHbIX 3HAYEHUL HeKOMOPbIX
oughepenyuanvrvix nokazameneti MOYHOCMU NO PE3YIbMAMAM 08YXNPOPUILHOU NPOGEPKL.

Kniouegvie cnosa: xomnaexcras 08yxnpogunvhas nposepka, OMKIOHeHUe wazd 3ayenieHus, NoepeuHoCmy NPopuis, no-

2peuHoCmy OCHOBHO20 duamempa, OMKIOHeHue yaia npoguns/

BU3HAYEHHA 3HAYEHb OU®EPEHLUIAJNIbBHUX MOKA3HUKIB TOYHOCTI LUWITIHAPUYHUX

3YBYACTUX KOJIC 3A PE3YJIbTATAMU KO

MIMIEKCHOI ABYXMPO®11bHOI NEPEBIPKU

B.J. Coripos, C.I'.Isanos, 1.C.XKene3apos

Komnnexcna nepesipku € natibinout nowupeHum Memooom KOHmMpOIo AKOCMI yuninopuunux 3y6uacmux konic. Excnepu-
MEHMANLHO OOCTIONHCEHO MOHCTUBOCI BUSHAUEHHS YUCETbHUX 3HAYEHb OeAKUX OughepeHyianbhux NOKAZHUKIE MOYHOCMI 34

pe3yrbmamamu 08YXnpoginbHoi nepesipku.

Knrouogi cnosa: xomnnexcnoi nepegipku, 8ioxunennsi KpoKy 3a4enients, noxubxa npogino, noxubka ocHo8HO20 diamen-

pa, gioxunennsi Kyma npogiuio.
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