PAS3JIEJI 1. [IOPOHOPA3PYIIAIOIUA UHCTPYMEHT U3 CBEPXTBEPbIX MATEPHAJIOB
U TEXHOJIOT'HA ET'O IIPUMEHEHUA

[Tpu OypeHnn amMa3zHBIMH KOPOHKaMHU 00pa3yeTcsl IijlaM TOPHOW MOPOJIbI Pa3IMIHON 3epHU-
CTOCTH, B KOTOPOM IPEo0JIaIaloT MeJKue 3epHa ¢pakiuu. [Ipy 3ToM 4acTuIlsl nuiaMa KpynHOro pas-
Mepa, COM3MEPUMOrO C BBICOTOM BBICTYIIAHUS AJIMA30B, UMEIOT BBICOKYIO CTEIIEHb BEPOSITHOCTU pac-
KJIMHHUBAThCS MEXy 300€M CKBaXKMHBI U pa00OYMM TOPLIOM KOPOHKU M aKTHUBHO Je(OpMHUPOBATH MSAT-
KU Matepuai MaTpullbl. CHIKEHUE Ipeziesia IPOYHOCTH Ha CKaTUE YacTUll IUIamMa C YBEJIMUEHUEM UX
pazMepa crocoOCTBYET ApOOJICHUIO 00pa3yOLIMXCsl IPU pa3pyIIeHUH TOPHON MOPOAbI KPYIHBIX Yac-
THII IIJIaMa TIPH UX PACKIMHUBAHUU MEXy pab04rMM TOPIIOM KOPOHKHU M 3a00€M CKBaKUHBI M CHIKE-
HHIO BEPOSITHOCTH MX JaJIbHEHIIIEr0 aKTUBHOTO y4acTHs B e(hOPMUPOBAHIH MaTPHIIBL.

Omnpezensiomyto pojib B CHUKEHUU aOpa3sMBHOIO BO3JECHCTBUS 4YaCTHIl LUIaMa HUIPAarOT
IPOYHOCTHBIE ITapaMeTpbl MaTepraia MaTpULbl OypOBOH KOPOHKH M BBICOTA BBHICTYHAHHS aJIMa30B
Ha ee paboyell IOBEPXHOCTH.

I'uapoaOpa3uBHBII U3HOC TOBEPXHOCTH MATPULIBI KOPOHKH MPOUCXOIUT B OOJIBLICH CTerie-
HU B pe3yJbTare IIaCTUYECKOr0 OTTeCHEHHS (TepeneopMUpOBaHNsi) MaTepralia MaTPUIIbl BCIIE -
CTBHE YIPYro-IUIaCTUYECKUX AedopMaiuii. DTO CBUIETENbCTBYET O TOM, YTO YACTHUI[bI LIJIaMa pa3-
pymIaTcsi panblie, 4eM OyIyT JOCTUTHYTHI YCIIOBUS, HEOOXOIUMBIE JUIsl OCYIECTBICHHUSI MUKPOpE-
3aHHS UMU MaTepuana MaTpHULbL.
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ANALYSIS OF DRILL PIPE TORSIONAL VIBRATION BASED ON SOFTWARE ANSYS

Byposas mpyba — eadxcnasn uacmo 6 cucmeme 0ypeHust CK8ANCUH. AHATUMUYECKUM MemOOOoM
MpPYOHO MOYHO NPOAHATUUPOBAmb suOpayuu 6ypoeoil mpyowvl 6 npoyecce OYypeHus. Mo MONCHO
ocywecmeums ¢ nomoupvio npozpammuozo ooecneuernusi ANSYS. Ilocpeocmeom ANSYS 6wino uzy-
YeHO KpymuibHoe Koaebanue cHapsaoa Oyposol mpyosl npu YCio8uu, 4mo 2iyouna 6epmuKaibHouU
cksaxcunvl ne npesviuiaem 2000 m. Ilpu smom He yuumuvléanoce GusHUe NEPEXOOHUKO8 U pazme-
P06 KOpOHOK. B pe3ynomame Ovlau nonyueHvl 3aKoHbl GIUAHUAL MOTUWUHBI CMEHKU 0YPo6oll mp)obi,
ONUHbL YOIuHuUmens u Oyposou mpybvl Ha wacmomy mpyovl, a maxdxce Mooeiu Nnepeo2o-
yemeepmozo nops0Ko8 0l AHAIU3A KPYMUTILHO20 KOAeOaHUs cHapsaoa 0yposoli mpyobi.

1. Introduction

Drill pipe is a very important part in drilling engineering. Drill pipe, is under complicated
external force in complicated operation condition in the process of drilling, which come into being
various intricate states such as distortion according to kinematics and dynamics [1;2]. Analytic me-

187



Bownycxk 13. [IOPOHOPA3PYIIAIOIUH U METAJIOOEPABATHIBAIOLIHHU HHCTPYMEHT — TEXHHUKA
U TEXHOJIOTI'"A EI'O U3I'OTOBJIEHHUA U ITPUMEHEHUA

thod is difficult to analyze the drill pipe in a concrete and thorough way. The large-scale software
ANSYS, which is made the finite elements to the level of simulation, provides an effective ap-
proach to the analysis and research of drill pipe, as well as simulation [3]. This paper writing, from
the perspective of the torsional vibration, analyzes the all torsional vibration of the drill pipe in the
vertical hole within 2000 meters depending on the software ANSY'S, under the condition of ignor-
ing of the influence of the tie-in and the geometric size of the aiguilles. As a result, we hope that
there is a further analysis in a concrete and thorough way.

2. The analysis procedures for the drill pipe vibration depending on software ANSYS

The ANSYS is large-scale general finite elements analysis software, including the analysis from
the perspective of structures, fluid flow, and heat flow, electromagnetic, acoustic and coupling. It devel-
oped by American ANSY'S Corporation--one of the largest finite elements software company. Follow-
ing are the steps of the analysis on drill torsional vibration depending on the software ANSYS:

(1) The preprocessing of establishing the finite elements model.

It includes defining the type of the element, and the attribute to both real constant and materi-
al, as well as establishing node and element and so on. The type of the appointed element is PIPE59.
PIPES9 is a uniaxial three-dimensional flexibility straight-pipe element with tension-compression,
torsion, and bending capabilities, and with member forces simulating ocean waves and current. The
element has six degrees of freedom at each node. The element has stress stiffening and large deflec-
tion capabilities. PIPES9 is very suitable for stimulating the structure and realistic operation condition
of the drillstring. Due to the distributed force per unit length quality by means of density method, in-
stead of the general centralizing quality, the model is more realistic and concrete.

(2) Computation.

It includes the type of the mode shape analysis, setting up the analysis option, loading and
computation etc.

ANSYS mode shape analysis provides 7 mode shape extraction methods such as sub-space
method etc. Sub-spacing, a consistent improving method on the basis of Rayleigh-Ritz method, is
effective to solve the large-scale general eigenvalue problem like drillstring having multiple degrees
of freedom. It can work out the various ranks of the inherent frequency ratio and model of vibration
by sub-spacing. There is little chance solving the problem of the model of the drillstring vibration
beyond 10 ranks. As a result, this paper writing only figures out model of vibration at 10 ranks.

(3) Post-processing.

ANSYS provides strong post-processing function, such as looking over frequency ratio ta-
ble, model of vibration, and cartoon.

3. Analysis of the inherent frequency of the drill pipe vorsional vibration.

(1) The influence of the wall thickness of drill pipe on the inherent frequency ratio.

As the data shown in Table 1, it prove that the thicker the wall thickness (the reduction of the in-
side diameter) of @ 89 drill pipe, the higher the inherent frequency ratio for drillstring torsional vibration
at the relative rank. But, to the extent, it is not obvious. This rule not only provides a valid reference to
choosing the drill pipe, but also a new reference to optimizing the structure of the drill pipe in the future.

Table 1. 2000 meters drill string (1920 meters @ 89 drill pipe+80 meters @ 121 drill collar)
the inherent frequency ratio for torsional vibration at each rank

@ 89 drill pipe Inherent frequency ratio (Hz)

inside diameter
(mm) l1rank |2rank [ 3rank |4 rank | 5rank | 6 rank | 7 rank | 8 rank | 9 rank |10 rank
74.9 0.32989 (1.0337(1.7985(2.5957 | 3.4080 | 4.2279]5.0521 |5.8789 | 6.7073 | 7.5369
70.9 0.34130(1.0551(1.8180(2.6113|3.4203|4.2376|5.0597|5.8848 | 6.7118 | 7.5402
66.9 0.348871.0705|1.8331|2.6238|3.4303|4.2456 | 5.0661 | 5.8898 [ 6.7156 | 7.5429
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(2) The influence of the drill collar on the inherent frequency ratio.
Taking © 89 drill pipe with 74.9 mm inside diameter as an example, it research the influence
of the drill collar on the inherent frequency ratio, and the result data is shown in Table 2.

Table 2. The 2000 meters drillstring (@ 89 drill pipe+different length @ 121 drill collar)
inherent frequency ratio for the torsional vibration at each rank

@121drill collar Inherent frequency ratio (Hz)
length (m) 1 rank 2 rank |3 rank|4 rank|5 rank|6 rank|7 rank|8 rank|9 rank| 10 rank
80 0.32989 1.0337 ]1.7985|2.5957|3.4080]4.2279(5.0521(5.8789(6.7073| 7.5369
128 0.30157 1.0018 ]1.7961)2.6230]3.4619|4.3062(5.1530(6.0012(6.8498| 7.6979
176 0.28004 | 0.99163 |1.8162|2.6700|3.5330{4.3993(5.2661|6.1310(6.9898| 7.8303

Shown in Table 2, as the length of the drill collar increase, the inherent frequency ratio for the
drillstring torsional vibration at low rank decrease, while the inherent frequency ratio at high rank in-
crease quickly. This result, especially the change of inherent frequency ratio at low rank that avoids crit-
ical rotate speed through optimizing the mix of drilling, is quite constructive to avoid resonance.

(3) The influence of the drill pipe on the inherent frequency.

Taking @ 89 drill pipe with 74.9 mm inside diameter, with 80 meters drill collar, it is to re-
search the influence of the changing length (the depth of the hole) on inherent frequency ratio at
each rank. The result is shown in Table 3.

Table 3. The drill pipe (different length @ 89 drillstring+80 meters @ 121 drill collar)

inherent frequency ratio for torsional vibration at each rank

The total length The inherent frequency ratio (Hz)

of the drillstring
m lrank [2rank | 3rank [ 4 rank | 5rank [ 6 rank | 7 rank | 8 rank | 9 rank {10 rank
m
200 1.9236 |13.051|20.124(27.183|38.603|42.619|54.068 [62.194|69.077 | 81.822
404 1.1150 |5.1755]9.9104 [14.660|18.83321.096 | 25.087 [ 29.869 | 34.702 | 39.089
602 0.83512|3.3244|16.2454 19.2404 [ 12.247 | 15.229 | 18.052 | 20.074 | 22.023 | 24.832
800 0.67786 |2.4784|4.5772|6.7448(8.9329(11.127|13.319|15.493(17.603 ( 19.422
1004 0.571481.9791|3.6012|5.2842(6.9879(8.7002|10.416 |12.132|13.845 [ 15.547
1202 0.497501.66382.9909|4.3720(5.7727|7.1821|8.5960|10.012 (11.429|12.845
1400 0.44122|1.4401|2.5623|3.7321(4.9204|6.1173|7.3188|8.5228 (9.7283 | 10.934

As the curve shown in the Fig. 1, which transform from the data in Table 3, the inherent fre-

quency ratio for drillstring torsional vibration at each rank decreases obviously as the length of the
drillstring increases. It prove that alternation of the inherent frequency ratio for drillstring torsional
vibration at each rank is longer in the drilling of the fleet hole, so that the critical rotate speed at each
rank is quite different, furthermore, the changing rotate speed, to some extent, will not easily result in
resonance. In converse, alternation of the inherent frequency ratio for drillstring torsional vibration at
each rank is short in the drilling of the deep hole, so that the critical rotate speed at each rank is simi-
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lar, furthermore, the changing rotate speed, to some extent, will easily result in resonance. It is same
to the phenomena that the changing rotate speed will result in resonance in realistic practice.
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Fig. 1. The curve for the inherent frequency ratio for drillstring torsional vibration at each rank
changing with the length of the drillstring.

There is multiple application value in the inherent frequency ratio eigenvalue of drill pipe
torsional vibration at each rank, for example, it is capable of choosing the rank of the rotate speed in
a rational way, which avoids the relative inherent frequency ratio for critical rotate speed.

4. Analysis of the inherent model of drill pipe torsional vibration

Taking 2000 meters drillstring (1920 meters @& 89 drill pipe with 74.9 mm inside diameter + 80
meters @ 121 drill collar) as example, it research the inherent model of drillstring torsional vibration. As
limited, following only show the inherent models of drillstring torsional vibration at 1 to 4 ranks.

From left to right in the Fig. 2, it shows individually the angular displacement of inherent
model of 2000 meters drillstring torsional vibration at 1 to 4 ranks. The radial size in the Fig. 2
magnifies 500 times. The unit of the maximal and minimal displacement, shown in the Fig. 2, is
radian (rad). The plus sign indicate the direction, which is up to the right hand rule according to Z
axis, and it is the same to circle the Z axis in the forward direction to the counterclockwise rotation.
The minus sign is indicating circling the Z axis in the forward direction to the clockwise rotation

Shown in the Fig. 2, the maximal angel of rotation of inherent model of drillstring torsional
vibration at 1 rank is 0.177124 radian, approximately for 10.15°, at the bottom of the drillstring. As
the end of the drillstring is constrained, it doesn’t rotate. The maximal forward angel of rotation of
inherent model of drillstring torsional vibration at 2 rank is 0.196438 radian, approximately for
11.25°. According to the data figured out by the software ANSYS, the maximal forward angular
displacement is located at the place where the drillstring is 776 meters away from the drill hole,
while the maximal negative angular displacement is 0.135101 radian, approximately for 7.74°, lo-
cated at the bottom of the drillstring.

In order to research the angular displacement of inherent model of drillstring torsional vibra-
tion at 1 to 4 ranks changing with the distance between the drillstring and drill hole, there is a curve
Fig. 3 by the data, which is from the result data of the model of vibration at each rank extracted
from the software ANSYS. It directly show the distributing and maximal eigenvalue of the model
of the vibration at 1 to 4 ranks along the drill hole axis towards the angular displacement. It is con-
structive to analyze the force, to learn the concrete vibration in the process of torsional vibration,
and to choose a rational reduced vibration method and so on. Though, it is consistent between the
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inherent model of torsional vibration and the result of tortional vibration wave equation in Fig. 3,
the former is convenient to gain than the latter.
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Fig. 2. The inherent model of 2000 meters drillstring torsional vibration at 1to 4 ranks (angular
displacement)
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Fig. 3. The curve for the inherent model of the2000 meters drillstring torsional vibration at 1 to 4
ranks

5. Conclusion

1. The analysis result is precise and thorough by software ANSYS.

2. The thicker the wall thickness of the drill pipe, the higher the inherent frequency ratio for
drill pipe torsional vibration, while the amplitude is not obvious.

3. As the length of the drill collar increases, the inherent frequency ratio for the drillstring
torsional vibration at low rank decrease, while the ones at high rank increase quickly.

4. The longer the length of drillstring, the much lower the inherent frequency ratio for the
drillstring torsional vibration.

5. The maximal angular displacement of the drillstring torsional vibration change with the
rank of the main model of drillstring torsional vibration
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Hncmumym ceepxmeepovix mamepuanos um. B. H. baxyna HAH Ykpaunsi, 2. Kueg

K BOIIPOCY O BJIHUAHUUA B3AUMOPACIIOJNIOKEHHA PE3ITIOB HA SHEP-
I'OEMKOCTbD PAZPYHIEHUSA 'OPHOU ITOPOABI

Results of studies of dependence between arguments of interposition of chisels on a cutting
head of a heading machine and specific energy of breaking down of rock of type of Terebovljansky
sandstone are resulted. Optimum arguments of rock breaking proceeding from the minimum energy
output are determined at the max output of its breaking down by chisels of type RP-221.

B HacTosiiielt pabote onucaHbl pe3ynbTaThl aHAJIU3a B3aUMOCBSA3H YAEIbHON dHEPruu pas-
pYLICHUST TOPHOM MOPOJBI M MapaMeTpoOB, OOYCIOBIEHHBIX TOMOrpadueil pacrnojoKEeHHUS PE3IOB
tuna PII-221, B yacTHOCTH, pacCcTOSIHUEM MEXIy pe3namu (marom pesanusi H) (puc. 1a) u riyou-
HOM pe3anus Ny;, 3aBUCAIICH OT TUIA pe3lia U MOIIHOCTH IIPHBOJIA MHOTOPE3LIOBOI0 HCTIOIHUTEIb-
HOTO OpraHa, B JaHHOM cily4dae ropHoro kombaitna. [llar pezanust H BpiOUpamn Tak, 4ToObI €ro OT-
HOIIICHHUE K PaJuyCy TBEPJOCIUIaBHOM BCTaBKH 3 (puc.l 0) , 3amasHHON B Kopmyc pesna 2 H/R wu3-
MeHs1och OT 1 10 5 (mpu R = 11,5 MM), a cnegoBarenbHO, B3aUMOBIUSHUE PE3IOB MO0 MEPE yBEIH-
YEHUSl 3TOTO COOTHOLIEHUSI CBOJIWIOCH OBl K HYIIO, T. €. HANpsHKEHHOE COCTOSIHUE B OKPECTHOCTH
pesiia, yCTaHOBJIEHHOTO Ha paauyce Rp (puc. 1 a), hopmupoBaiocs Obl BCIIEACTBUE BIUSHUS (HOPMBI
U NIyOMHBI JTYHKH, 00pa30BaHHOM B MOPOJIC COCETHUM PE31I0M, YCTAaHOBJICHHOM Ha paauyce Rj).

Puc.1. Cxembi pacnonosicenus pe3yos na niockocmu 010ka 20pHou nopoowl (a) (H- wae pezanus;

R1, R2, R3 - paduycwsi oxpyscrocmeitl, Ha KOMOPbIX YCMAHABIUBAIOMCSL MEEPOOCHIABHUE Pe3ybl) U

83aUMOOCUCMBUSL MBEPOOCHIABHO20 Pe3yd U MACCUBA 20PHOLL hopoosl (0) (1 - ppaemenm winama

necuanuxa TepebossaHcKo20 Mecmopodicoenus; 2 - KOpnyc pe3ya, 3 - meepOoCHIA8HAsl 6CMABKA;
h- monwuna gppaemenma winama ; hpes- enybuna pesanus meepOOCniIaA6HbIM Pe3yom
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