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MEASUREMENT OF THE GUN-DRILL SHIFT
IN THE PROCESSING OF LARGE HOLLOW SHAFTS

The large hollow shafts are essential machine elements with specific application. A significant technological
problem is the shifting of the gun-drill during the processing of the hole. This paper refers to the measurement of the

shift and the possibilities of affecting it.
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Introduction

The large hollow shafts are details with specific
application and their manufacturing is related to numer-
ous metrological and technological difficulties. One of
them is the measurement of the gun-drill shift in the
process of drilling, which requires the control of this
shift during processing and the application of technolog-
ical measures for its shut-off. This measurement is the
main topic of the current paper.

Measurement Scheme

The gun-drill shift can be determined by measur-
ing the change of the thickness of the shaft during pro-
cessing. The measurement scheme is shown on Fig. 1.
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Fig. 1. Measurement Scheme

The measuring system consists of: ultrasonic
thickness gauge, rotary encoder with position display
unit, and computer.

When the shaft is positioned, the thickness S of the
shaft is measured with an ultrasonic thickness gauge
after the rotation of the shaft at an angle u. The angle of
rotation is measured with a rotary encoder. The two
signals from the thickness gauge and from the rotary
encoder are sent for processing to a computer with the
use of specific software.

Measurement Parameters

e Gun-drill shift — e (in a surface perpendicular
to the z axis), e (projection in the XZ plane), e, (projec-
tion in the YZ plane).

e Coaxiality deviation of the inner and outer ro-
tating surfaces of the shaft — EPC.

e Sinusoidal deviation — EFS.

The sinusoidal deviation is the deviation of the
thickness of the shaft in a definite section of the ideal
sinusoid as a result of the deviation of the profile of the
inner and outer rotating surfaces in the corresponding
section.

Measuring Procedure

The measuring procedure includes the following
steps:

1 The shaft is positioned on the processing ma-
chine.

2 The shaft is marked in one longitudinal section
(in a horizontal plane) and in n transversal sections z;,
(j =1 - m; see Fig. 2). In every transversal section, n
equally distributed points are marked (ex. n = 16 or
n=24).
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Fig. 2. Marking of the shaft
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3 The rotary encoder is connected with the shaft in
a random transversal section.

4 The ultrasonic thickness gauge is positioned for
measurement on the first transversal section zy, i.e. at
point Ay, situated on the marked horizontal line.

5 The indications of the rotary encoder are set to
zero, i.e. the beginning of the polar coordinate system
(1, = 0) is determined (see Fig. 3 and Fig. 5) with the
software (see Fig. 3 and Fig. 4).
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Fig. 3 Gun-drill shift
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Fig. 5 Measurement of the gun-drill shift

6 The indications of the thickness gauge at point
A4 are recorded.

7 The shaft is rotated and its thickness is measured
at points Ay;.

8 The results are imported in the computer and the
shift of the gun-drill e, e,, ey,; eyland the deviation
from the sinusoid in the section z; are determined

9 The same measuring procedure is repeated in the
next j transversal sections, i.e. the thickness of the shaft
at point A;; is determined.

10 Using the results from the measurement of the
shaft thickness at points Aj;, the parameters e;, ey, €y;,
EFS;, EPC; are calculated.

11 The results are displayed in tables and graphs
(see Fig. 3, 4, 5, and 6 and table 1).

The results of a measurement
in real conditions

The system for the measurement of the gun-drill
shift in the processing of large hollow shafts is part of
the mobile automated drawing-measurement complex
“MARITZA”, developed for the needs of Novokrama-
torsky mashinostroitelny zavod (NKMZ). The complex
is designed for measurement and control of large shafts
and large hollow shafts (with length up to 20 m, diame-
ter 1.8 m, and mass up to 50 t).
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Fig. 6 The gun-drill shift in XZ and YZ planes

The testing of complex “MARITZA” at NKMZ
confirms the high functional metrological potential of
the complex (HoBokpamaTOpcKuii MalImHOCTPOUTENb-
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HbIi 3aBOJ. [IpoM3BOJICTBO BajoOB M 3HEPTETHYECKOTO
obopynoBanus, Mexanudeckuit 1ex Ne5. OTdueT 0 BBI-
MIOJIHEHHOM OIBITHO-KOHCTPYKTOPCKOH paboThl paspa-
0OTKa U HUCIBITAHUE MOOUIBLHOIO ABTOMATU3UPOBAHHO-
TO0 pa3METOYHO-U3MEPBATEIILHOI'O IEXOBOTO0 KOMINJIEKCA
KOHTPOJIA rnapameTpoB «MAPUIIAY,
17.05.2010 r., r. Kpamaropck)

In table 1 and fig. 7, part of the measurement pro-
tocol of a hollow shaft, set on the processing machine
1001 in industrial unit 5 of NKMZ, is shown.

The shift of the gun drill in its three transversal
sections is shown in table 1 and on fig. 7.

BaJIOB

Table 1
A part of the measurement protocol
of a hollow shaft
Section j 1 2 3
z; [mm] 500 1000 1500
ey [mm] -0.59 -1.379 -1.734
eyj [mm] 0.504 -0.348 -1.482
gj [mm] 0.776 1.442 2.281
1 [€] 139.48 194.16 220.53

Fig. 7. A part of the measurement protocol of a hollow shaft:
a —section 1; b — section 2; ¢ — section 3

Conclusion

1. A method and a system for the measurement of
the gun-drill shift in the processing of large hollow
shafts, as well as the non-coaxiality and the concentrici-
ty of the inner and outer rotary surfaces, are developed.

2. The testing of the system for the measurement
of large hollow shafts at NKMZ, confirms the high f

unctional metrological potential of the measurement
method and system.
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BUMIPIOBAHHSA NEPEMIIIEHHA CBEPJIA
P OBPOBII BEJIMKOT'ABAPUTHUX NOPOKHIX BAJIIB

Bemizap Bacunsen

Benuxozabapumui nopodicnucmi eanu € HauBANCIUSIUUMY eLEMEHMAMU MAWUHOOYOIGHUX Oemanell CheyialbHO20 NPU3Ha-
yenns. Cymmesoro mexHoao2iunolo npobnemoio € GUMIPIOGANHS nepemierts ceepoaa 8 npoyeci oopobku omeopy. Y cmammi
PO32N0AEMbCSL BUMIDIOBAHHS NEPEMIWEeH s C8epONd Ma 6NAUBAIOYI HA HbO20 (aKkmopu.

Knrwwuoei cnosa: senuxozabapummi noposcHUCmi 8anu, BUMIPIOBAHHS, NepeMiljeHHs ceepiid.

MN3MEPEHUE NEPEMEIIEHUS CBEPJIA
P OBPABOTKE KPYIIHOI'ABAPUTHBIX I10JIBIX BAJIOB

Benuzap Bacunben

Kpynnozabapummvlie nonvie 6anvl AGNAIOMCA 8AHCHEUUUMYU INEMEHMAMU MAWUHOCIPOUMENbHBIX demarell CHeyuanbHO20
nasnavenus. Cyujecmeennol mexHoI0SUYecKol npooieMoll A6IAemcs usMepenue nepemeujeHus ceepia 8 npoyecce obpabom-
Ku omeepcmusi. B cmamve paccmampueaemcs usmepenue nepemewenusi Cepaa u Gusiioujie Ha He2o hakmopbi.

Knrouesvie cnosa: kpynrnozabapummvle noivie 6avl, Usmeperue, nepemelyerue ceepid.
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