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Method of drilling vibration measurement
based on spatial array of accelerometers

Huang Zhe
(Drilling Research Technology Institute of Shengli Petroleum Engineering Company, Dongying 257000, China)

Abstract; Affected by slenderness ratio of drilling string, anisotropism of formation, unstable parameter of operation,
drilling bit sullers a complex vibration of six degrees ol [reedom with multiple dominant [requency, dimension and
amplitude. It seriously restricts the safety and efficiency of drilling operation. According to the theory of rigid motion,
the angular velocity reckoning is difficult by the current planar array scheme, and central fluid channel cannot be
reserved by the conventional space array. In this paper, a spatial array with a central fluid channel was proposed. Least
squares and neural network was also established to reckoned the vibration parameters. The average error of reckoned
vibration parameters is less than 5X 107 %, which meet the application requirements of drilling operation. The proposed
method and array scheme provide the data base to the vibration conditioning of drilling string, and contribute to the
research ol sensor vibration test.

Keywords: oil and gas;drilling vibration;vibration measurement;spatial configuration

0 35

WA ISP Z A K A R K R SRR
FAEM BB R S A AR R S e £ E
WY 2 IRIEE & RN H O R AR AR IR ), BB
BEAE S R R T BB 5T R, R T R K 2R
ROIEAT . R A T R 2 ok BRI A G A
SRR A 7 RAEATE R IR BRI . AT T A R 4
He # RT3k 20 000 DAk, BUAA BB 5 )5 1 0F A 58 5¢ 42 RO

il

Y # A #1.2021-02-28

TR LTI Z 8 BA S T2 /e TR 5% 2
Fift PRI 2R 2 S 00 A 2 B A 0T v 00 A 5 0 R R S
PRAB LI AF A — 22 . oA XL/ AR LT R a9 T 3R
S R R IR AU TR

T AEALGE L R » 4 30 T 12 3 LA Ol 22 0 4t )5 s AT
191 00 T 23 AR R 2 B AL B LG 9 2 R B AR el T
F 2 LS LI B AR VLR R O B A R 3 T
BER IR Tl R 1 IR A T W R 3 I R R
&, HE Tk BRI AR GRS (il THEROL R R

+ 155 -



044 B woF o

B A% RS O O T 3 A A R A R A% 5t R T
Y12 Rl /N4 Bl T AL Tl U TS BT 5K

W 5 3T L AR L L (MEMS) 2 R (1 & g - MEMS 4% Jg&
WNEREE S T REZE LR, £ T MEMS B L R4
BB 78 A R 4k 2 T B 8 R B TT IR 4R T ATk 5k
AN — R A e AR 50 A A T LA 4y Ay s i A
ST RS, AN IR Tk RS B 12 Fl 12 ek B AR R
AR R R R BB 9 3 i A%
ST T R AL AR 704 BT B AR A B AR 2 B
g A A A2 Tl AR B A SR A T Y 12 fh
A I JBE A R s (DA B A . SR T 38 S SR 9 F O3 AT
B, 1 3R 1) A 2 5 T I 2 505 R RE R o DL s
A7 A N (i) 00 2 Y A R SR M 5 2 [ A 2R DU R A I B
HE Z WIS A R A E WA P A 1 i
THERAF . I BB B B A /N T AR ) B A
SR P PR S v 2 | 2% 00 W G AR o e L = Tl o
A7 a7 S A I I AR R D B KT
W k22 0 LI B B LT 3 A TR R

BEXT LA TR, A SCESE & B R SR SE PR oK, B it
TS (8] N =R B AR MRS R S TR TR
LT/ IR E 5N T 2 M 45 B4R B 2 B S AR Y L R
8 A A 28 AT A 0 Aoty L 3 5 R Oy 4
AT BRI A 5 A R RSB R T

1 =8 = 30 h0 i A8 R AR B S A BY

58 BB I B 2000 B AS 5] T Al T AR AT —
BRI KW EERAS, LA, SR
139.7 mm, &4 3 000~8 000 m. B, MARIE N & 54>
MR M 0 R AT R 3R S e o AR AR R B 3 iR 4
BAFRR o SICHBENAARR R g RAIIE 1) fim., —#
T 5 » B 16 A% M 2 A AT LA oy 225 ) 2 5 5 i 2 g 3
Horp,0 5 12 Hohn ok BE T RE 30 2 A Sy SR B 2 1) B 5 A
RYL s 1Ch) T R & B, 2K s [ AL R A 3 (AR A
BUBRR AR Z, Wk B YGRS G E R R o« B
Arbr R A S E AT SR A SR, A 1o (D iR
T AL TR % T TR O 0 g TS e i OF T R 9 45 4
AES W R A H N H A R 0 f TS EOR M AR R E L R
TR BE A0 B A O vk T RO AR BUUIR B A
JE 0 DAY FL IR 3 5 R v HE AT VR AT

BF LR BN 45 A H T S S [ RS A B A L 41
W T — B A 2 B A RS AR LA E R B
HE ERAMER Y IE 2D, KRR ERS ZH %05
ARIEH, A K SHBURR L. NI, 56% B T4
WA (60 mm) 5 it 55 i MEMS & /888 R ~F ALk, ¥4 g2 S
A 2 52 s [R) R A AN R 2 T

S5 ) DA AR T ) 5 R 1) A R R R AR R BR L T IR B
BREGARR o H Z, WSHREMA T, X, 5Y, 4

« 156 -

XX
(d) 9% P T R4 3 #4 2

LR R 5 1L R ) 2

(a) TRAAR R GHI AL RpREE
Al 1

Kl 2

B 18 il 2 A 2 18] [ 4]

SronldE R Mk S . =R LAy 1—6 B
SR FRAE M AT G RE y, WS Y, B, 2 M
ATET 45 167 S, ARG P S S B s ) P AR R R AR
FR AR AN 5C Z L il Fe i [ © Rk =l (D PR .

R = C;R® S8

Hp R 5 R M AR AR R 1—6 S5FEFIH
AR AR R o BTN B

MR LTS R S 35 AREAR Ae A R 1— 6 W] LU 224 [ 41
BFHAARR « HHIRLY,Z.Y, =4l Oy Ji e il 346 1 51
Befe 07205 fARAR, HAk AR R R R € W R A
K2R,



F W.oEE AL RN B ER Z ik B ARSI AR 55 8
cosf, O —sind,]| [cosd, sind, O x| @ xy +a, tas—x,—x, —x4)
C,= |0 1 0 —sind, cosf, Of -« v :% 3zt teg—2s—2 —z5) (8)
sinf, 0 cosf; 0 0 1 z 20y ty, T ys Tyt ys T ys)
cosff, 0 —sind, AKX G I AW HFTEHSS RBURRE L 9X9
0 10 (2)  HREIE.EW o, wi L wwe, BIEKRAE R,
sind, 0 cosf, W EE T 30z B ] SR AG S5 380 A A 2R T e R A
Ho, KRMA(D~AD PR,
p,] = 33 3 3 3 3 « 2L, (2y: + . — s — 2y, — ¥5 T ya)
9. =533 3 3 3 3 3 w,| =4 12/3L.C— v, — 3, s+ yo) +
0s 31 =1 =3 =55 w. AL, Gz, tx, txy tay ot xo)

@/‘T*ﬁﬂiiﬂﬁﬂﬂ Ll Vfgﬁg‘%% 1—6 LTWW%%?&%
MEIFESN L, W45 AGREER 1— 6 AH X 41 8 A A 4 3R I B
Lo L, L. RN FEFETE X (DO R .

V3 V3 V3 V3
Lf 0 71,1 7[11 0 77141 *TLI
L =
7 1 1 1 1
L L, 5L —4L —L ——L ——L
L, —L, L, —L, L, —L,
(4)

2 IRSISHEH

YRR Az g s IERFE RN BEZ 2 HmN G &R
N, WHFHEEIMEE L, =0, 2 METERER
R([@,¥]#R(@®)=9<12,R(P[1:9]) =8< 9 R(P[4:
12D =6<C9, B, 50K W44 o0 2 BE L A o 8 BE L £ ol BE A0 Oy
ToXAE &, M) B E AME, B, % #2318 7 1 B
B i TR A R B A R B AN = C6) B, T e
KutEMEHE R ZRRZE., #HMRSEN L %R
o A Al Ly o L2 A RS N K (7D TR TR s R IR
B ) 45 AR £ L

x L, —w L, — @l +wDL, twwl twwl ] @
v=C |y L e L, bww,l, — @ budL, bew L, =

et L —w L +wwl, +wwL —@h +ul)L,

ofc v ¢ w, @ Wl Wl oWl w, ww, ww, ] -
or =[xz vy z];rzlﬁ (5)
Wimp,ye Jwi:1-y,zdt (6)
w = \a,u/r 7

Hb.o i Ly 5 L, MK 18X 12 4 REGEMK .«
yox NEHONEE, w, w, w, A ZHAIEE, w, w, .
w. N AR T AR 0 AR 1 I
i N AR AR S 1

BT SBAL S (B S AR R AR AR AL A b N ACHE L, #0,
BT ) SR AT AL H T A ) A A 2 A A R v R Ak A B A
K@ PR, K ks 16 54 16 XN,

(L, (— 22 42, +2, — 22, + 2, +2¢)
Li(—2x,+tax,+x;, 2z, ta,+axs) |+
0

:/ng(xz —xstxs—xs)

'\/§L|(*Zg + =z, — Z; +z6)
10

/(24L,L,)

9

w? ] @ Li(—yi+y:—yi+yi—y: Ty

w’ =< |Li(—=yi+y,—ys+yi—y: T ye) | +

w? Ly =y, 55 =y T 5 —v6)
L, (— 22, + 2, + 2, — 22, +2; +2¢)
L,(22) —2; — 23+ 22, — 25 — 24) +
\—2L,(2y + 2, + 2, + 2, + 25 +26)
WBL,(— 2,42, — x5+,
V3L (x, — x5 tas—x5)
0

~/(12L.L,)

(10>

(a)
¥

w, W, =

W, W,
2L, (—2x, +x,+ a5 —2x, + x5+ x4)
Li(—2x,+x,+x;—2x, tas+taxs) |+
WL, (—x,+a; — a5 +x4)
[0
23 L,y + s — 35 — ¥e) +
2L, 2y, + vy, —ys — 2y, —ys + y5)
72«/§L2(zz — =2y F 25— z4)
VL (=2, 42, — 2, + 25
L, (22, — 2, — 2, T 22, — 25 — 2¢)

/(24L,Ly)

an

gk, R LA RARAL 715 B R 8 (OHRAK G,

LRI BT AERE w, ... WEELETBRHALS]=Y—

Or T RRAL F = f s fo s fo 17 WA T2 Le AR
DF M A2 R,

« 157 -



044 B woF o

¥ #H K

DF = Jacobian( |:f1 fz b fg] ’ [w:z, w., wz]) =

—2L.w, — 2L,w, — 2L, w,
Liw,+L,w, —/3L w, Lyw, +V3L,w, —3L,w,
Liw, +Lyw, +V/3Lw,  Liw, —/3L,w, +/3L;w,
—4L,w, 2L w, —4L,w,

4L,w, +/3L 1w, Liw, +4L,w,

V3L, w, —4L,w, —Lyw, —4L,w,

— 4L, w, 2L ,w,

V3L, w, — L ,w, —/3L,w, 3L ,w, —L,w,— 3L, w,
ﬁl,zwz—«/g[,lwy—lqwl —3L,w, — L,w, —/3L,w,

A

)

G = [DF(w,_, , )] "'DF(w,_, ) (13)

D) R o, -, P ER (1) SRR HdR /N e
Aw(k+]) — *G w(k7) [DF(w(k))] TF(w(k)) <é\
[w(kﬁ»l) — u'(k) +Aw(k+1)

(14>

3 BEGRESKIHE

o B Uk i A A% R A [ 51 X B2 2 Al HL AR 3 0 A A 3
P BT 4l Bk 8 — A OT IR EE O B . i 1Ca)
B RER R ABIR R B AW RN Z,/Z, Wik E ek
HEREMBERE, MEFIA =ML 5KaZ 40

AAD~AD iR,
(2 = wir
¥ = wlr + 20sin(50t) (15)
|2 = 50sin(50¢)
Rl = 0 4 P g
wiT MY = P e ,w(,“)(“ =0 (16
[0 = g0 4y Py w0 = 1/2 rad/s
[w, = 5sin(100z)
w, = 5sin(1002) an
lw, = 10sin(1002)

Hor,r R & RIS N Y R 5 e AT EE, (o)
HGk+D REF bR, (o) WA R EAR.

WE 2 iR A PRI RGBT R o &35 KABE
BLARBR X R, # A5 AR B ABR 2 R 0. 01 g ML
i, B 2L,=L,=r=230 mm, kR 1 000 Hz, 4K [
5 S,

VLB &Y s Z WhBURE 0 AL BRI 505 B85 R o
BINE 3.4 Frzs . AR, BT IR KR 5 8L 5 J0 24 R AE S Oy
TR T 3T 6) (7). (18) B F M7 ¥ T ik AR M 14
S XY 5Ol B2 1)) F R B 0 B L BE 5 A UK R AL B
AR SHEARE. ANRE S8, SitHE
WHIRZESHME 1 Fia, 1T LLUE I, 32 T 80 b To 24 33

« 158 -

—2L,w,
w, —v3L,w,

L,w, +3L,w,

2L w,

Liw, +4/3 L w, a2

\/ngw.z —Liw,

2L,w, — 4L, w,

— 4L w, — —V3L,w,

ﬁsz,v—szy—thlwz ]

BE BT Y Y MR RAR 0D, Y Z Rl E B

MOERSRESELEM G TS, HIABELS T%

M.

o HYA — HEHMA

% %t%

0708 TS0 s TR0 3E A0 A 50

oo

d
o oo
omron o Ro

0770571015 730725 730 35 40 45 50

FAIEEE /(rad-s2) fA B/ (rad-s7)

T0 15 20 25 30 35 40 45 50
B Al/s

B3 fRIEARFES 7 B 45 R B K (Y D

Thik/e

b 05 10 15 50 25 30 35 40 45 50

—_——

I /(rads?) AR (rad s

() BRI e R e P gl E i ittt
0 05 10 15 20 7 5 3 0 3. 5 4.0 45 50
I /s

B4 ARRAS IS 07 A8 RN BE (2 D

_ /'2 1. (18)

B B S [  Y Bl OBl A2 (D k55 A 3
S5 BCSAAF B RN 22 . K 1R 3 A T o 4k R TR KR
NP 5 R, X L TGRS Ak R RS R . AT UK B, G
PR A R T DL 9 S E AU, ST




®

Y. Ee il ARSI E W E R =ik A

R EHRIIAR 55 8 1

FIEEHIR 2N 1.66X10 L IR 4.17X10 T, Ak
R LA, A 2 ] [R50 5 4 B O 1k SR T AR AR AR
B 10 £ 3o A H B2 RS A

O FHA ~—— HEEE (R

== EHAE(ERE)
08

0.7+
0.6; |
05
04
03
02}
0.1+,

FHIEPE/(rad s 1)

M fal
S

# :{ A §
\RiWA &Y
W \&‘f o\ kka/r W :5/; W B

LY

01 . .
01 02 03 04 05 06 07 08 09 10

i 1] /s
B 5 FEBY 4 f R R L

REMRA,XAOHAD T wi, . wwe., Tk EIF
ARTCICTR B o PR A A 3 B2 AR K 1 D R A A Tk A IR
PR HE LA R IE AT R B iR . /AT S SR B X
HE— 2P T AR BRI B {E 5 S 2 RO B A2 48

BT B S AT R 220 1 W R e A 5 LT —
I 220 B4 #9082 R R E A AR SRR R . PR, AR R
DN B | 2 R P I 2R 4 B A B R e A B R LU
AR O i S 8 ST )Y A R RS AN 6 TR
BTG ARAA5) ~ (7)), by it TR AT L8
W5 R A P BB 8004 + 1504« S0 AE My A AL
B2k B0 T R .

HeTl
s

B 6 ML

VIGRgE R E 7 B, BES Y B0 ol B 2R 22 50 A
A RSN W IRELAX /AT 1. 1X107°, /NFRTA
WHITHE TS Tt 166 X 107° (R FHRE. 5| AR
AT HHTEES Y MmE A 8 iR, IRE S
mak 1 s,

90
801

10°*

A7 wamgildgRea A

O FSfl — HHEMAMEMS) - fHEACEARRML)
08

07
06+
05
04
03
02+
01 j !
ok
-0.1

HSE/(rad-s)

00 02 03 04 05 06 07 08 09 1.0
I fAl/s

B8 RS Y flt Ayl B AR X L

TR KRS T I TC L3Ry 1 (8 T I (8] 3 8 o 28 R 2%
ATLAB R MRS Y Bl S Z b B e 2 A B R L STt
HAP A RED BN 1.2X107° 5 3.0 X107, K T
AR IR R E  HAF S IS HAT B A 2K

*®1 BEEREE
B T7 e 2 P ITIREY/Z IR EN T EY/Z il
Wy 4,7X107%/3.3X107° 3.6X1077/1.7X107°
AR (8) ~(14) ipid o 3.1X107'/4.5X107? 1.2X1071/3.2X10°°
£ I 1.4X107"/1.1X 10" 2.9X107%2/1.8X10°*
(5 s) 2.3X107°2/1.6 7.5X107*/2.5
Al 411 6
HAO FRE1HL 7.5/13.0 83.7/247.5
XD KA isBrdid Jofit/14. 4 Jaf#/231.5
N Y £ 1.2X10 */3.0X10 ® 2.1X10 ®/1.4X10 °
4 i Bl H 4T A Al 5 R TR I 4 7 R R R, R e B R B £
A

Bl g O T L B R T A R S B R R R

EWZHE ZIREHOANABEZRRIPEZ S, Wl
AT R I 5 B U o BT AR BT S B BLAF TEBR

+ 159 -



044 B woF o

¥ #H K

i 22 AEARTUE M RTEE I T 2 5 3 R E5 M T 4R 1 B A it
i B et AN A Sk B IR R A A
FREPIEK

SR o T LS B R ) 05 Rl B Z 2 A< 9 A
SRR L TOVA W B T S A L A T e 2 TR A R 1
3R T R %0 7 G2 0 B T O R A R CE TR R, R A A NI E
SIS P R CBE B ) SRR A% 1, A B 5 0
VAl S Tl P A T B R 43 5 R A L AR SE PR AN SR L AR
TE 16 A 70 MR e 2 5 SRR U8 22 A K A e o

BEXT T 3803 T R T oS e R 2 4 9 = o R
YA BERE IR B 2 o« — 3 AR AT R IRl &N AE AR D A 1
GEMESR . FETAHARE A IR A I 4 1
Wik, R ERNS BT BRAEE, NS BT
B S B LR @ 00 Bk, HORMS B RIRR 2%, F
TRARGTES ANLERINER S T IR SEIRF 7k,
DrE o4 R W e 7 LA R VA R TR 2K T
5X1077, T R VA SR IR BN TSR, IR X R 4R A%
ARSI AR W TRELIHEE —E N EER L,

B2, T B e T Bl B R 2 — Aol o & 2
B2 i gl o AR T 22 00 25 A5 R B4 ik B 2 B0 B TR R A iR
SN TR EAFMwmINERL, #—-LFRENS
P AT 9% 3 S HOk 25 100 2% H T AR 1 110 3 3 R AR Ak
Sk BRI E,

& % 3Lk

(1] B+, FRE.Z7T.%. WHIRGER W R
SR 2% 558, 2015, 37(5):565-579.

[2] DONG G, CHEN P. A review of the evaluation,
control, and application technologies for drill string
vibrations and shocks in oil and gas well[J]. Shock
and Vibration, 2016, 2016.1-34.

[3] BARYSHNIKOV A, CALDERONI A, LIGRONE A,
et al. A new approach to the analysis of drillstring
fatigue behavior [J]. SPE Drilling & Completion,
2013, 12(2).77-84.

(4] ZHE.2T0FR.GH. ETHSMERERR %R
& TR LT ). b st 2 e R OK 2 2 4) , 2021 1-8.

(5]  #huif. EOA, I+ R %, 5T 82 W& KX
MBS AT B E 5 ER, 2019,
33(10):170-177.

(6] Ak, sKTO B, AT WoL B AR |45 5 AR I BE % #r 3

+ 160 -

ERFFEI]. BB, 2020,41(6) :149-155.
(7] #FE ETLZELGARES TR E AN
FEID]. B /R M /RUE Tl K2, 2017,
(8]  XUFBZ. Joke 2 A 44 W i AR 50 ¢ 5 R A BF 5 [ D
RO AR K7, 2017.
(9] 47, CREBREERES R G m 1 BT 5T 5 1% 24y
LD, IR AR IE TR, 2011,
R VAR BRE e, 7 T = B s A R AR I A AR
Sy At L], 7 W s AR, 2019, 42 (15)
117-122.
Mg, BURYY, BRIR. 7S A Y BR300 it
BB BAELT]. ML B, 2018, 35(2):12-15,19.
BRI L T, AR ZE S, B T AR R AR I S S A
RN B AT LT ] BRI TR, 2014 (8)
97-102.
A58, UBEMS , 3RO, B T B BT MR S A9 oS B i AR
2 & W07 AR L], TR ,2019,39(1) - 28-33.
HUANG Z, HUANG Z, SU Y N, et al. A feasible
method for the trajectory measurement of radial jet
drilling laterals [ J]. SPE Drilling & Completion,
2019, 35(1): 125-135.
HUANG Z, HUANG Z, LONG W, et al. Trajectory

measurement of radial jet drilling wells: improved tool

[10]

[11]

[12]

[13]

[14]

[15]

and data processing [ J]. Journal ol Energy Resources
Technology ,2020,142(3), DOI: 10. 1115/1. 4044622.

SUGIURA J, JONES S. A drill bit and a drilling
motor with embedded high-frequency (1 600 Hz)

[16]

drilling dynamics sensors provide new insights into
challenging downhole drilling conditions [ J]. SPE
Drilling & Completion, 2019,34(3), DOI. 10. 2118/
194138-ms.
AR AR IR, k. BT MEMS sk B2t 51 i
WAL B [T A2 B &% 5 3 R 4, 2020, 39 (9) : 66-
68,72.
AR, IT AR M e B TS T 3 B A% I8 2% B 51 9l
B A AT B A% R B AR BT ). B R B T
2.,2019(5):36-39.
EEB N

BY.LEE L, ZREPI 7 6 AR S5 I R
TR /NELL BUFA L RRILE T
E-mail: bob202303@163. com

[17]

[18]



