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The T Resonance Filter for the Water Hammer Pressure Wave in
High Pressure Common Rail Systems

Su Haifeng' , Li Long’, Feng Guosheng’

(1. Shijiazhuang Vocational Technology Institute, Hebei Shijiazhuang 050081 ;
2. School of Mechanical Engineering, Shijiazhuang Tiedao University, Hebei Shijiazhuang 050043 )

Abstract: Water hammer pressure wave occurring in the high pressure common rail system would influ-
ence the accurate control of fuel volume of multi-injection. The T resonance filter for high pressure com-
mon rail systems were designed to solve this problem. Test results show that with the T resonance filter,
the amplitude of water hammer pressure wave, as well as the fluctuation of injected fuel are significantly
reduced, the maximum attenuation rate of water hammer pressure wave has reached 17, meanwhile, the
maximum fluctuation rate is reduced by 19% . Besides these favorable results, the T resonance filter fea-
tures simple structure, small size and high efficiency.

Key words: high pressure common rail; multi-injection; water hammer pressure wave; T resonance filter

Vol.41(2019) No. 1

0 51 &

S IR RG2S b, T SR
SF BT RS B, St A T U A 5 P ™ A 1Y
PRl F T 2 S 2B JR RS A i A, i
JE UK M S B PR O S ) B T e 5l o 7R e e
W B R R Z2 BTSSR AR P, AR 2
SR B R HE PR

FLAR S IR e 3 e 3L IR g T 7 1 i e A

RS EEE: 2018-03-27; f&EIHHF: 2018-05-18

XSS TEEAER], (3. MR
ISR, (H R T Wi RS R i shak
B, RSN A I TR I R I U DA R
BEA IR B IMIE R, AE R T A sh il #E Ry
SHARE, Hih T R semplnoaitl, ek
i BAT M

T ANEIR LG Peas A 4R . ARV, TR
IR FERRCR IR o AR SR Bl s TR
ARG AR B T T BNE IR BE A

EEWAB: EEARPEES (51076014) ; by ARFIAHES (E2016106018) 5 I db4d TREALIR S 11 5 14 34 hl 2 s 2 B % W3 Bl

i H PTCI501,
1EEE N

FUFIE(1971 - ), 35, BUIR, FEMTOTEAREIARSIT &, 13503213275@ 163. com,



2019 41 A SRIGIESE

fe SRR R Gk i e 3 e sl T RLE IR A IR 2% -+ 37 -

FHREAT IR BRI
1 H#RE T ERRERIK LT
1.1 R IRN 3R A FE T

IR B U P PR B bR, A uE B ds
H R PSR 1 IR A MR AU T 2% 8 7 AR ) 3 0 s A
FEAWeah'® o AR v P DL, ISR T D U 5
NEHER IR B 1 fo, Hoh Z, O g
BT, Z AR R G IR T

{] o

B EREIBRBERFEN R

A T IR I S A — O AR, G, Toig
R BRI R B, REMHTN
1 1 1

77277 )
AR g AT Z,<Z,, WA
ZI~7, (2)

FEMMAGE IR AL UE 88 5, R G BH DU 1 2 0
AN, BRITAE T WS . RS IR ) I AU
JIUERE LT 033 I A DRI AR, SRS AT 4L PR Bh
U8 MitEfRSe A b, PRl UR i Uk Be WA 3B G
%, I IR BhE, Xt Is R A g s 1y
TH PR UG S5
1.2 T BEIREVR K SIS RN ZE

B R a XML FRE . o /N, FIRVE
REM I RGBS B o, =0, KUJBRE 2RI
AUEWE AR, WA A RGBS . TR
FE SR 10907 AE L, g 2% 5 0 A
RGBS B o FTFRINN

P G GE 3)

(%§+XY+Y2

K po WU L a S ;A S IE
s X OB I AR BAAT Z, 1S Y O U8 AR B AT
Z R

FRA T IR A T B i =, 1
PR A8 Bl 28 T 3 A R R AU 8 e A oy S i
PRIUUEUE RS o A SORIE I R G451 BB 1 HRE A
KT 53 3R IR G A iy T BRI A

AR A R T R E (8] 2a))

i, HAFLHEENE 2b) , PR T BUERAS .
T RIYE WA (BT -

P wl;

Zqs (W) z—]TcotT (4)
A (3), 15 T HEEIE AR E S R4 a,
@ 1 wli+? (5)
1+ [A3 tan (;]
2A

SNSRI 16 P S I R S P, IRV
A
FRE, B tan %ﬂw ,

_ma 3wa STa 71'ram
l3 _2(1), 26() ’ 2(() ’ 2(() Hj‘? at_>00

K E R R g ok R 1 sh i R T, #E22
MBS YFH o PR f R JRE s, AT Rl A
7==m_% (6)

w a
b oM g AL B 2 18] A9 TR AR K . i
BETHEREE - 3 ST AR RE I A D TR I A EE Y
PR o AR SCIRBEE U 73 SO T 55 i e T ik AT
[l o0 A TE - i T i A RN il 45 ) — 38 1 4%,
Oy S TE Y5 — e R S

d3

13

a) Gt b) 5 R FL it ]

B2 TREKSR

2 REHR

e AT R G0 & LT 2R
PSR, WK 3 s, G %E T EFS
IFR8420 FAL Y WA 4, FI T I 48 Wil R Q5 Kis-
tlerd067 [ 75 [T g A Jg s I 5 % A R T po
W R GE R H] Bosch MLEFEE AU AR GE . Wi
e A 30 em, 42 1.8 mm,

2.1 BRBESTHIME

UnTE 4 Jr7n BT 100 MPa i I T BLJE S A%
B B i XS b Al UL A T BB I 4%
J5 B ISR I f5k -5 it 2R G LU IS SRS I F2 A L i £ A
AREAL, BRI/ T 5% . KW A T Bk
e X B ISR i B S R A R
2.2 BRWBIHTHIE SR B



- 38 - Sk i HL 941 B 1
| ] — WA 5 Ap, NSRBI AR 45 it 5 85 P9 5 K 10 7 D8
— B — WA I — W T 7 A o5 W L B (K
AL X HZ
R 140- 160
120+ 150
A THIE g el Y VRS o §
fe)kag . 2 el —p04T {30 2
S sl — P04 120§
W % a0k g% Q4T
00 2 3 4 50
B IR & ETtdms
B3 SEEHMZEFSEEFDAES
1001 g E
gol  ——TH —— A g Ey
g S
ﬂl]\ilﬂ 60
§4m 0 1 4 5
ﬂlg t/ms
20+ b) ET=0.7 ms
0 . . . 120 60
0 0.4 0.8 0.2 0.6 100 50
WS hF JiK % /ms = 80 _40 E
sl 1 fyd 3 23 S 60 130 &
B4 HHixmEsHHEITEE SN :g:gT " %
A5 SR THUE 100 MPa T, BEHBKSE ET 43 2o +wWTw
H%0.4. 0.7, 1.0, 1.4 ms FHIA T BENE 2R g 3 o
1) BRI 55 0 ik A i e s e fh 28, OF S 20, ©) ET=1.0ms
J R GE AR R 7 P S Ze i Xt L. AT UL B 100
TR R E AR R R IR T A s 8 2
T BTIA T AR SO T R L, I £
TRIE 1 3 3 i B0 i R R S0 1.5 ms 3K & 200 <
2.1 ms, ZEAIA T BIJEW 255, B ET =1.0 ms 0
(B 5c)) Ab, Hofth =hms i bk 5 i 9 Bk ms 53 Bl
J1e s PR IR B AR . b 3 I e s A 914 E5 g M
K, BRI DG A A A R T i sl A4 I 52 A W v ik B e
JER 0.7 ms BERKF] 1.0 ms, Hik, JRRFM O T
JU — IE{H Ky 43.2 MPa, & 4H4:7E ET =0.7 ms i} 40r
A T Bk i 2 )5 % 50 i R K W — U fE i
25.5 MPa, %/4:4FE ET=1.0 ms i}, 32
- . 101
K16 W 1 AT By s i o Bk i 1k ) \ \ ,
00 0.4 0.8 1.2 1.6

We B — WA REMTM K SR8 AL . 78 2T bk 58
TR, AT BYuE R g IS B P sl - e (E Y
AR T I 2R B8 00 1 3 0 3l 4 e — DA

TE s R G A 1 R SRS IRICR , BT
B sl i e 0 PS8R PR, W LR R T 30

FIR K, RFR
K =201g 2P (7)
Ap,

e Ap, o R BUH ARl AT PN 5 K s 7 I Bl g

ET/ms
E6 A TERESFEIENEEINE - IEE

B 7 B T T B8 2% 5 1 0 i 3 5 0
AW mA T RIS S, 7EMKTE 0.3 ~
0.8 mspNH JJ I B IRk B 3 ~5; FENKTE 1.3 ~
1.5 ms NIE ST BN IARIA R 8 ~ 17, JHARAUENE
RORES . ERZERINKTEIER 1.0 ~ 1.2 ms NAY 3
WA, THIRAIED R 2, (HIX 7 sY



2019 41 A SRR AL R GUK T T sh T R R AL R ek =39 -

My LASE i 5 52 bR T AL DR T, O Ak ol A K R ok
‘Z‘ﬁl‘é“to

——K, T

15+

10

o5t

O_

s
-10 1 1 1 |
0.4 0.8 1.2 1.6

ET/ms
B7 mATEREESRENENESHREBE

2.3 ZREEETR)HE K D)

& 100 MPa ', F£. M 0.4 ms +0.6 ms
P SR A R A 8a) s, vl L. AT
RUPE A% 5 P AR, Emih a1 348
FEAAAE W i P 3l B AR O, D g A i D
/o EI8b) SR TN T ALUE P A% W I
B o I -44% FEIRE -25.5% , AT ULMA T &l
DEPEAR I, X L TS I i S A B Y e R
YER .

25 —=—THIml —«TH#m2 —JFml ——/fim2

DT/ms
a) . TR E)

40 - TH — &

o (%)
S

DT/ms
b) FmH R E R

8 AN T BRI AR HE K E R G iH B IR EhE

3 & it

(1) BA T B4R 0 8 5 % I Xk B U g S5 i
A P AR 7 A R A A R = A R, BRI S
ARSIl B AR AT o

(2) AT BR8P e X B U T S5 Y K
iR 1B A B2 BT R R E T, e s R
K, okl B e R ARk 17

(3) A T ENEIRAIE P 45, 8 T o0y
RIS RREAR T 19% , 77 WL T B 34i AL i
P xh 22 YO Il B IS AT R RIRIRVEI, AR
T2 UL R A

(4) T EGERA ISP AR T BuE it , 45
i HBUN, LRI, AMER I RG4S
FEA TR R Bl . BRI, T AU IR 0 8 e 2 — ol
SRR 1Y s IR AL R DR As .

&% ik

[1] CATANIA A E, FERRARI A, MANNO M. Experimental
Investigation of dynamic effects on multiple-injection com-
mon rail system performance [J] . Journal of Engineer-
ing for Gas Turbines & Power, 2005, 130 (3). 460-
466.

[2] CATANIA A E, FERRARI A, MANNO M. Development
and application of a complete multijet common-rail injec-
tion system mathematical model for hydrodynamics analy-
sis and diagnostics [J] . Journal of Enginering for Gas
Turbines & Power, 2005, 130 (6): 181-192.

[3] LEONHARD R, WARGA J, PAUER T, et al. Bosch
2000-bar common rail system for passenger cars and light
duty vehicles [ C] . 29. Internationales Wiener Motoren-
symposium, 2008.

[4] BARATTA M, CATANIA A E, FERRARI A. Hydraulic
circuit design rules to remove the dependence of the injec-
ted fuel amount on dwell time in multijet CR systems
[J] . Journal of Fluids Engineering, 2008, 130 (12):
320-327.

(5] R, sk, &0, . mRHHUKE i
GRFE (1] . PRI, 2011, 29 (2): 163-168 .

(6] Z5IpHd. WM ES) 2 [M] . BT @ik
T RAE, 1990.



