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Abstract: It’s a common operation method in vibration cementing to oscillate cement slurry by
mechanical means. And the method could improve the cementing quality effectively. In this paper, the
mechanical vibration experiment system and the mould for new cement stone test specimen are used to study
the effect of vibration on the properties of the cement slurry. The experimental results show that the
mechanical vibration can improve the properties of the cement slurry significantly under the vibration
frequency range of 6 ~21 Hz, amplitude of 2. 2 mm and vibration duration of 5 min. The fluidity index of
the cement slurry increases by 7.20% and the consistency coefficient decreases by 23.47% . The
rheological properties of the cement slurry are greatly improved, and the transition time and setting time of

the static gel strength are reduced by 7. 89% and 5. 65% respectively. And the compressive strength of
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cement stone increases by 12. 43% .

At the same time, the scanning electron microscopy method and the

mercury porosimetry method are used to analyze the microstructure from the qualitative and quantitative

perspectives. It is verified that the vibration has a positive effect on the performance of the cement slurry.

With the help of the self-designed new cement stone, a new conclusion is discovered that the homogeneity

and stability of the cement slurry system will be disturbed after vibration. The strength volatility of the

cement stone after vibration is about 6. 62 times before the vibration. In addition, the best range of

vibration wave action should be in the middle of the excitation point and the far end, which provides

reference for the application of well cementing technology with mechanical vibration.

Keywords: Mechanical vibration; Performance of cement slurry; Micro-analysis; A new type of

mould ; Optimal range

0 ®y

20 {4 70 4EAX, 32 A Solum K W & B T HLIKL
IR B, T i N A B B R B A R AR
Ferm phi SR . WS A OCHR BN B R Y % R AL
FRWr -, AR B 2k 583 77 ELF 1988 4F,
F BT F Cooke C E Fll Chow T W 2 A7 IE L
P AU IR 2 [ F A, 38 20 2 P S 56 F B HILAR R 3h
AT LA S5 B o I 8 I e, B LR B s R . AR TR
o)1 B 570 N N | 5= 520 | A 1 - L L
R T R R H A TR, MR AW
PR Bl 2 h AL 1 2 H IR IR 25 AR v, e ok U8 it
BRI 1O AR K YRS R R I A, Bk
FEPE Mok T AR PR T FE R B R R

AR, R N MO BMIPRS 1 K 28 FoRSh I TR
T BB & 17 S F MU 36 Kk U835 P RE 1 52
M5 1 JE AR R , T B2 2 8 1 BRI 48 5 0 2 N S
RSO S LA S0 B AR ) 3037 1 FH 32 38 7 o
Yy, R, A SCGE i 5 N SIS HLAIR S K e 45
MRS AL, I A R T —2 8 AR Al 4
R IR T R sl A FH 9 S HE 3 L, DA S AL Ui
Bl R AR R L —E 3K SRS %

T

1 #REIXTIKIE IR E M RE B 00

11 XBHE
111 SIHR

S FHAKE K o WL BEAR 2R (21,90 g /em”)

AR5 AN BRI A [ N T R WA R, B FHC L Ry 52
L S EX Y N Y

DU 354 G BoKUR +5.5% H4aE 5% DRB -1 S +4%
B8 %) DRT — 100 S +4% #8477 DRE — 100 S +3% 344
B3 DRN — 100 S + 1% R4 7K 5 DRF - 100 S +0. 3%
43K DRS — 1 S +48% 7K

KIEIE TP S04 :80 C R HEAT 24 h IH EF= Y.
1.1.2 SLBSH

H F B LR 4R 2 S50 &R 40 WL R 1, 38 0 TE AR
R BIRAR S S50 ARSI 6 ~ 21 Hz, R
HIRAE 2. 2 mm, FRSHEFE] S min, DL oA 42 i A8 8 52
B, IR A 23 B P R sh e /K U8 25 PR BE 1 2 B A

i O3 B Dl |

B HWiRESIKERLBRERA

1.2 SLIEERS

TEEEIR LR 1,

E S50 2060 BN, HLAIR 2 %68 7K Jfe 3 4 0 1 g 4
PRy B ek, O H A, AR B 45 2 B T 2
(B KRR 7 ) AB AR B, W3R 2

BELEINE] /min - HURSEE /MPa

®1 KBRS BIER

PRSI Mz ZEEHEEL(P 300 /0 200/ 100/ 6 /P 3) bkl HAR A% st I ] /min
0 256 /185 /123 /52 /46 0. 667

6 258 /194 /117 /51 /43 0.720

11 258 /203 /120 /53 /47 0. 697

16 273 /212 /122 /35 /34 0.733

21 266 /208 /122 /34 /33 0.710

7.822 114.0 177.0 17.7
5. 664 100. 5 161.0 20.1
6.538 98.0 166. 0 19.5
5.527 109. 5 170. 5 20.3
6.216 111.0 163.5 19.7




OIL & GAS EXPLORATION AND DEVELOPMENT [ISEIRSHAR 87

®2 KiRRMREITLLR

SR W B ISR I BELhRT  PURRE /
25 BE R i [E] /min  [A] /min  MPa
HE 0. 667 7.822 114.0 177.0 17.7
Rzh 0.715 5. 986 105.0 167.0 19.9

DOEIRERE +7.20% —23.47% —7.89%
VRS, - RE TR

-5.65% +12.43%

1.2.1 MRS KR R R TR

IRV I AR HC S B B R BN AR A o A T
RAHE R 7. 20% R RECT R 23. 47% o [WIRS, D075 2
JEETT45 J TS 2388 1 U T 3 UK T R A L R
F 1, RAIRB A5 K Ve IR R R A R TR, R, 7E
Bl T ARl 4 5 A v A A A4 ) AR i B 1R DR
Mgt — LAk
1.2.2  HlIRShIT KR &R ER IR E R0

I Sl el 153 0 g 5 e i ok VP S ) R 245 W5 i)
BIAEUE T 7. 89% F1 5. 65% X it AR sh 7F — 2 FR B L
HET KARDT R, 0 S8 7K 0 SR 5 25 0 Ak g B, fili 7K 0 9K A
P YRR A e O ) 9 A 1 el R PR K AR BB S A AR B RIS
FEF7 AR X6 By Lk 202 SR 0 R A R )
1.2.3 #RHXKERIIERE BN

HUBER 3 0] DLX 7K 8 S A 3R 9 38 8% A7 1 S kA 7
IR (A 3 TN 3 &) 0%, B 4 3R B R K e A i
JEAG B KER T, S50 25 5 R R 31 J5 /K U6 A bt e i
PETH12.43% . KA 1A PERE I T 81 A A J5 1
SEREME R DGR SR, TR I, 8 e i AL B iR B 4 K T
AR IRY) I AT

2 WMEHSN

Rt — A5 B UE LA IR 2l X K 8 3 25 11 RE 48 B 1
PEFIRICR: 4R P4 4 P B R e o L B R 326 R A7 5 A A
JE T O AT
2.1 BEBAMER

Pl 2 Jr 78 1 18 L2 25 TR R KA R et I TR
1000 %) A4 # BAR  AAROR R, K e & A K Al Bz
A R R C-S-HBER ™ W) 5 v o0 A, FEBUAE K PR kL
(6] (AL B r, S B 5 WS ) =5 ] IR 254 o & 2
—a) 7R, R 2R Bl K U8 41 RE i 2 FL ELZS B R , 7K
Te ka2 0] 20 B A W, FLAE A SR, ] 2
=b) B IR S A K DA RE bl N TR A A5 /0 i 0k
ART=H), U AR B 52 0 1 5 1A A B 45 4, 2K U8 A A il v
C-H-S BER =W IR B A K, KA 7™ Wy B2 2R 20 A 38 4 1
Gi—HE R (AR 2 A RIS 3 BRI B LR
B IR PR A BN A 56 4 T ™ A2 19 AT 35 FLAE 3 A7
EE R PRI

%37 % %5

a) i

b) §%3h
2 KiREHBAHEER

2.2 JEkiE
X PR T 00 N B 7R Je A0 A 2B 4T Mook i W FL B
IR L2 3

®3 ERMABIER

S BJERE/ BBER/ LB EHEL AR
250 (mL-g™") (107 pm?) ¥ % /mm ] /MPa
FE 0 0.2628  144.237  0.38 34.9 0.04
s 0.2253  87.073 0.33 25.9 0.17

IR —14.27%  —39. 63%
S RN LT

-13.16% —-25.79% —

H 3 3 AL, S IR 2l , A S AL BR L 8B A
FLBR B ¥ KR R, 2 SR AR 14.27% | 39.63% Al
13.16% , % WIHR 3 (45K A0 B i P 3 225 4 B o 0 %
T FLAR TR 25.79% |, gk — 25 UF SR B % T3
B AL S T B AR T, X K U8 A B B A
THEEE,

H & 3 T2, AR YR S 5 K VR A B v PR i i
FL A HEAE 90% LA L, B R S LR R AT W
FLAESE LB A B2 B BRCa  , IF7E 39. 95 nm fLA2 40
T I AR (L 77 40 0 A B ) R LA 4 A o 2 2 B XL T
A, 76 3. 62 .40. 29 nm FHAL H B, 78 AR FU(E B 3
LB, BRI SL AR W (E 22 2 4k o £ fi
IRV F o ¥ 4], K A7 LU FL N 3=, i
KA ] BEHR 3h T B 43 45 0 & A IR, &R 43 /K Ak
PRV IBE S R AR 2R, 31X — 2518 5 i — 717 T T 4 e A
a5 A A



88

ABSS0H | 5019 4 10 B

NATURAL GAS AND OIL

0.006¢ |
ML KAL-PAL RS
i —— AR

AL
£0.005¢
&

guwm

s

1000 10000 100000
fL#&/mm

H3 ALENHE

3 IRENKREERTEER

B RHT ALK A7 B 4 R AR R SR
SO R A AR A SR L KR 52 4y
e R SR G o % 4 AR 0 2
B PRI IR 3 % 7K U8 S P 22 B 5 e O 2 i LA, 2
FLEH LI 4.

ZefBE R

1 10 100

Hn BE AL

M EE AR

BRECAL
B4 #FEUKRRRGHEEEEGE

TSRy SR RR B Ze A TS FR 23, AT RIS A2 i 6 R
FREK PN, S g e o R — K PR 3 Se b AT R
ZHL, 75— M E AR TR Xt B2, A S 5kl , Witk
(AT SR b S 56 25 PF N A R 2 B0 )2 H A, TR B ik
280 HPRBLE R AR AR AT R AR T 1 5
TrAUR, ALY AN A G R BB, T el K A il
il # RS LR 5

b) B RK YA A

a) 38 /K AR
5 KiEAAGHEEEIMRRE

ERFEAR BT AU A F P s KA R =0 (1)
TR b R =2 i B e R A AR X e /ME
AR WR HE , LA R i /K P S A ) BRGS0 B2 B, 3t
AR 4,

Puoa — P

min % 100% ( 1 )
P i

28 PRI, I 5 p ., R TR AL PR 6 A 50 e
KAE, MPa;p,, Ry [F) 20 oK e A7 58 B e /IMEL, MPas p ., oh
[ 20 K e A 5 BE -4, MPa.,

F4 HEERNKHER

S5 =

T FIRSEEE /1 PIRGRIE / TIRSREE / PEHIRIEL /
25 MPa MPa MPa (%)

i 16. 5 16.3 16.2 1.22

Eiel] 16. 6 18.0 17. 4 8. 08
HHIHE  0.61% 10. 49% 7.41% =

FH & 4 WA, B A K U A A S AR X AR T AN
YU B BEA R 1. 22% |, T B 3h I R I8 g e AR Ak
AR, - 2 3k 3h W 3 AT 35 8. 08% , 24 S 4k Bl T 1) 6. 62
%, FH IS 4 U B BL AR R 20 0% it X 7K I8 K A4 R s 4
B, YR BN TR W R 7K U8 IR N AR AR A S Y R i, s
I 3k G b 3 o AU OB 7 A A [R) AR R 1) 7 R
13KV BEAEGN ) b AN B

Pl 6 Ay [F] S o7 i) i 5 9 sl A AR s 0 7K Ul A 58
XF LU, SR A 2 00 B A AN [l AR 4 e, (H 4% )2
Z AR BN f5 7K U A 5 BE 22 5 13, 24 T 2 e R
F710.49% ok ON T EBEE 7. 41% |, 2K JB A i As
A I S , 3 TR BE A 0. 61% |, v )22 R i i J32 3 i oy
TZRERNY 1,42 £ E0R F)ZFERN Y 17.20 £F, SLH 45
I8 5r 2 BIHUARIR 30 %) S R4 VS BB BRI 8h I 7R 7K
Yo v i s il T, VR P8ORS A 19 7 8 7 7 R
A 55 37 St ) e ] DX

14¢
12f
_ 10.49 %
§,10
Jlui=:g
8l 7.41%
g
o6}
=
z
i 0.61%
0 ]
T2 )2 T2
ER7N=XIA
Ee6 KkEAERERELEE



OIL & GAS EXPLORATION AND DEVELOPMENT [#ISEIESAR 89

4 g

1) 380 A8 45 ] A5 5 S5 6 9 I3 AL A i 20 %o 7K I8 3 A%
TR BE A B O - T AR AR v 7. 20% BRI R
R 23. 47% , FIRC B iR 32 Je ok Y6 IF ) R0 6 45 I ) 43 53]
ARk T 7. 89% FN5.65% , KU HUEMRE T 12. 43% .

2) 38 3 451 P R R SR 1 X K e A 5 R AT RO
0T, IRBNE RSB LB AR B0 R LR EE R 2 AL
TRy BIBRAG 14.27% .39. 63% .13.16% F125.79% , M1k
WL B 30 0E T i 3 %k T R K U8 A IOWE 45 4 0 BR R
RO .

3) KW —E ALK e A il s LR R LR 3l 5 K e
A1 B U Bl B 2 R AR BRI 6. 62 A% ESE AR B X% K e
WARRREVEFAAE I B o MU 20 09 S5 A 4R T3 L R
B AR, AR IR S A 9 6 B I A P Ak -5 i 1 1)
X3,

Bk Lk

[1] Solum K W, Solum J R. Method and Apparatus for Vibrating
and Cementing A Well Casing; 3557875 [P]. 1971 -01 -
26.

[2] Bodine A G, Gregory J N. Sonic Cementing; 4640360 [ P].
1987 - 02 —03.

[3] Kompanek H W, Ligman J R, Plambeck E D. Downhole
Transducer System: 4658897 [ P]. 1987 —04 —21.

[4] Haberman ] P, Delestatius M, Brace D G. Method and

[

Apparatus to Improve the Displacement of Drilling Fluid by
Cement Slurries During Primary and Remedial Cementing
Operations, to Improve Cement Bond Logs and to Reduce or
Eliminate Gas Migration Problems: 5377753 [P]. 1995 - 01 —
03.

[5] Haberman J P, Wolhart S L. Reciprocating Cement Slurries
After Placement by Applying Pressure Pulses in the Annulus
[C] / /SPE /TADC Drilling Conference, 4 =6 March, 1997.
Amsterdam, Netherlands. New York: SPE, 1997.

[6] Cooke C E, Gonzalez O J, Broussard D J. Primary Cementing

[

Improvement by Casing Vibration During Cement Curing Time
[J]. SPE Production Engineering, 1988, 3 (3): 339 —345.

[7] Chow T W, Mcintire L. V, Kunze K R, et al. The Rheological
Properties of Cement Slurries: Effects of Vibration, Hydration
Conditions, and Additives [ J].
1988, 3 (4) . 543 -551.

(8] F2iM A2, LER R EFEARLZAE[I]. BbdsR
I%,1994,16(6) .40 —43.

SPE Production Engineering,

Li Yuhai, Zhao Lixin, Wang Junrong. Overview of Vibration

Cementing Technology [ J]. Oil Drilling & Production

F3T% HSH
Technology, 1994, 16 (6): 40 —43.

(9] #h 2% JhER, 23000, . B AIPIR 3D B SRR 09 R R
AK[J]. 462 ¥ ,2000,23(4) .27 - 30.
Han Yu’an, Sun Yanlong, Wang Hongchao, et al. Developing
Status Quo of Vibration Cementing Technique both in China
and Abroad [J]. Drilling & Production Technology, 2000,
23 (4): 27 -30.

[10] & 48R0, |2k, 5. 5% EREEEE R K

RBFREZEAR T Hom[]]. k5 HbA,2017,4
(3):87-92.
Qin Yi, Xu Zigang, Tian Baozhen, et al. Effect of High
Density Cement Slurry Grading Size on Compressive Strength
and Rheology Properties of Cement [J]. Unconventional Oil
& Gas, 2017, 4 (3): 87 -92.

[11] x| B4 2\, F A% BEERKAE KR LK Z

Bro it ()], AEB 3l 4R ,2014,33(9) 12269 - 2274.
Liu Huiting, Liu Shuogiong, Qi Fengzhong. Research
Progress of Cement Slurry System Optimized by Dense
Packing Theory [ J].
Society, 2014, 33 (9) : 2269 —2274.

[12] TER,KLE, SEA,F. 8 oo Rz BHFRE
wy ARl 5 B R[], B idpug,,2006,34(11) .51 - 53.

Ding Shidong, Zhang Kejian, Gao Deli, et al. Development

Bulletin of the Chinese Ceramic

and Application of a New Type of Wellhead Pulse Vibration

Cementing Device [ J]. China Petroleum Machinery, 2006,
34 (11): 51 -53.

[13] & R, FHR,NEH,F. RS EF TR0 T I04E A
MEAR[]]. B sIRHE A ,2011,39(4) .53 - 56.
Xue Liang, Li Bangmin, Liu Aiping, et al. Study on
Mechanism of Cake Shear Failure in Hydraulic Vibration
Cementing [ J]. Petroleum Drilling Techniques, 2011, 39
(4):53-56.

[14] ZAX , Z#F,ZhE,F. 2EHEAHE IR - KX
GRATRSBFRGBMABRM]]. BE B WX FEFR
(B &#A50k),2019,34(3) .88 —93.
Wang Youwen, Yuan Jinping, Wang Zhaohui, et al.
Numerical Simulation of Vibration Characteristics of Casing
String in Drilling Fluid-Cement Slurry Coupling System [ J].
Journal of Xi’an Shiyou University ( Natural Science
Edition) , 2019, 34 (3) . 88 —93.

[15] #4048, @B, LB Z. s B FHARAL LT b wagiX
mmAll]. amss R T%,1999,21(4) :24 -29.
Han Chongfu, Tian Xijun, Wang Guanjun. Pilot Application
of Vibration Cementing Technique in Liaohe Oilfield [ ] ].
Oil Drilling & Production Technology, 1999, 21 (4) . 24 -
29.

[16] R4, 2F R, EF R, F. 3 &R E FH A LA



90

(17

[

[18]

ABSS0H | 5019 4 10 B

NATURAL GAS AND OIL

BikE[]]. &
Wang Enhe,

WAEIR A K ,2011,39(4) .57 - 60.

Wang Xueliang, Wang Xuecheng, et al.
Research and Field Experiment of Dynamic Vibrating
Cementing Technique [ J]. Petroleum Drilling Techniques,
2011, 39 (4): 57 -60.

KM, R, E AR, RS AT ARAEGRE
A 1]. i 74 1,2010,39(10) ;1069 - 1070.

Zhang Peng, Wu Wenrui,
Hydraulic
Cementing [ J]. Liaoning Chemical Industry, 2010, 39
(10) : 1069 -1070.

M, T 4 AR RE. RS U Rk 3h B R R R E K
Jramweg A ()], 5k S %9k ,2016,33(4) .97 -
100.

Dong Haipeng, et al. Study on

Downhole Concussion  Generator in Well

Mei Mingjia, Jiang Wei, Wei Zhousheng. The Application
of Eccentric Mechanical Vibration Cementing Technique in
Changging [ J]. Drilling Fluid & Completion Fluid, 2016,

33 (4):97 -100.

(9] FEH,Ehks

[21] ZAX, Rit-F,EhE, 5

AE R FOFTHRAT D R G k3 E
&AL ,2017,45(1) .10 — 14.
Ren Xing, et al. Development

I AWAFII].
Yin Yiyong, Wang Zhaohui,
of Downhole PDM Bidirectional Vibration Cementing Tool
[J]. China Petroleum Machinery, 2017, 45 (1) 10 - 14.

[(20] W R, ZF24h, F 0k, 5. B3 Xka B - B AT 4

5K [)]. B AR K ,2017,45(5) .43 —47.
Qu Gang, Li Yawei,
Field Test of Mobile Vibration Cementing Device [ J].
Petroleum Drilling Techniques, 2017, 45 (5) . 43 —47.

. AR IR B 2T B IR KRG BR L
B R R[]]. RAAHIRE F£,2018,41(1) .
96 —100.

Yin Wenbo, et al. Development and

Wang Youwen, Yuan Jinping, Wang Zhaohui, et al.

Experimental Study on the Effect of Mechanical Vibration on
Cement Strength During Cementing [ J]. Natural Gas

Exploration and Development, 2018, 41 (1) 96 —100.

ORI I

(L4

[17]

(18]

[19]

84 1)
T AN SR BT R AE R T ST ]. 7 & B g
A5 38 % ,2016,35(5) 1957 —965.

Zhang Jizhen, Li Xianqing, Wang Gang, et al. Mineral
Compositions of Upper Permian Longtan Formation Shale in
Southern Sichuan Basin and Its Significance for Gas Reservoir
[J]. Bulletin of Mineralogy, Petrology and Geochemistry,
2016, 35 (5): 957 —965.

I ML ERBETHE EAEFARRAN ZATR
B A ZESCLT]. B i 5 #53K,2014 ,42(1) 224 -27.
Wang Tong, Wang Qingwei, Fu Xuehai. The Significance
and the Systematic Research of the Unconventional Gas in
Coal Measures [ J]. Coal Geology & Exploration, 2014, 42
(1):24-27.

SR B F B EETEF AR TR RE[C] //
BrRERMAFE IBEARADL KFTRERL THRE R
FARAMWLE. FHNM: FTEfAes LRI KW
£-,2011.

Niu Guangliang. Development Characteristic and Tracer Test
of Karst Underground River in Shiping No. 1 Mine [ C] //
International  Association of Management Science and
Engineering Technology. Proceedings of the International
Water  Resources

Conference  on Management  and

Engineering.  Zhengzhou: International Association of

Management Science and Engineering Technology, 2011.

GEE, TR HEL,F N HREEEEEmMHFRR

[20] & B ,%KA&, ZWHF,

2] ZRE, pEMN,HF EF

ARG R R [T ] RART F
(4):99 - 106.

% 5 3R, 1992

Chen Liguan, Wang Honghui, Lu Zhengyuan, et al.

Discussion on the Relationship Between Local Gas
Accumulation and Paleokarst in the Yangxin Limestones in
Southern Sichuan [ ] ].
Geology, 1992, 19 (4). 99 —106.

A THFIRR M &g B E

Journal of Chengdu College of

FARH A RFRM AR KT RAH[T]. R
AR A Tk ,2018,38(9) .40 —47.
Qin Yong, Zheng Changdong, Wang Boyang, et al.

Quantitative Evaluation on the Gas Production Potential of
Coal Reservoirs Based on Isothermal Adsorption Curves: A
Case Study of the Changgang Field, Northern Guizhou,
China [ J]. Natural Gas Industry, 2018, 38 (9) . 40 —47.
O ERL, PR B R E AR AR T
FALI]. P BB R T ,2019,31(3) 123 -25.

An Lin, Han Baoshan, Lu Zhaoyang. Single Coal Seam Gas

[

Production Potential ~Quantitative ~Assessment in Luling

Minefield [J]. Coal Geology of China, 2019, 31 (3); 23 —25.
VEE SRR B R o ik R
HELI]. & hIHIRE TR ,2014,41(5) :612 -617.

Meng Yanjun, Tang Dazhen, Xu Hao, et al. Division of
Coalbed Methane Desorption Stages and Its Significance
2014, 41

[J]. Pertroleum Exploration and Development,

(5):612-617.



