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Abstract

Electronic controlled injector is the most important component in the gasoline
electronic fuel injection system, which has great influents on the engine economic,
dynamical and emission performance. The performance of injector is an important
factor which can determine the electronic control system designing and affect the
accuracy of fuel electronic unit directly. To further study the technology of gasoline
electronic control and develop the injector, it is necessary to research and develop the
equipment for evaluating and testing the characteristics of injector.

This paper analyzes the injection’s dynamic process of injector and researches
theoretically in the injector working elements. Electric current characteristics in
driving circuit and core-pipe assemble motion characteristics are also analyzed. It
offers some academic bases to the exploitation of flow characteristics test of gasoline
injector. _

It also designed and built flow and atomization characteristics test dais and
electronic control unit which can detect the system test state. In addition, a convenient
software is exploitated for this test system, which provide a simple operation
environment to the handler.

Taking a high resistance injector as an example, the test data gained in the whole
flow range have been analyzed and summarized in order to educe some important
flow characteristics parameters, such as the static and dynamic state flow curves.
Besides, different voltages and fuel pressures working on flow characteristics are
compared and compensating measures have been provided. It also gets some
modificatory curves. During test, the atomization characteristics is also tested and
analyzed. The spray angle and distribution have been analyzed and obtained by
experimentation in this system. The spray angle is figured out through the design
principle.

The test results show that this test system has good stability and reliability,

which can test some important characteristic parameters. In the meanwhile, the
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automatically operating ability is great advanced by the design of electronic control
system. The exploitation and research of this test system supply a favorable test

platform for the gasoline injectors.

Key words: gasoline engine, electronic injector, flow characteristics, atomization

characteristics
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4.1.1 3R RS R AT

(1) W

HTREAMFNRE, EROGHHOIRAZ D, BERA T RIHUBEEHR
F——EM AR . B TR EMER, MRBEN AN REE —
ki o ) DA

(2) HIRIREE

FERRRT, RARESFERE N 20£1.0°C. IR/, EwmsmmA D
AT 52 MRA R AR B 7E 20+1.0°C.

(3) Wik =

W BN ENHEEFEMNAARTEZR, WAL ED s EENE
HI7E £ 1kPa p, WER BB O,

(4) WahHE

WA RGP A ROIRE) HUTE 9 12.0+0.05 R E .

(5) fsbH

WA RSB BN R E, URERETHER., BSAR
Ji: LA Sms AWEHAKSE, 10ms A—mivhAL, b0 IFEEEEmns 1000 X H
U S B I — ik e i B8, A EMREA .

4.1.2 BEXRIFESHRENX
(1) WA (P) — R STRMEE, . —Xuh TN %15 T vomt i
FreG 0T 2002 (B B bt (B) (B] KR, 247 24 ms/pulse.

(2) BEMBKTE (PW) ——WiyH 88— X A (8] (ms).
(3) BEBRFE (Q) —H_BHBRLT 2T B RS utnh 3% Rh
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B B4k, . U JE T A B R AR S R 1361, mAR (L P R e S B R e
£ (ma).

(4) BibMNE (Q)) —EHRTHMIKE)E, BiM B AT TS n
WE (mg/pulse). MK REENT TR D LFRUtes r M &,

(5) BhARMME (Q) —IEAEMUEMETE PW) kM A (T) T, %
o8 3 AL AR AR X —REA RSB S R CR T g/s).

Q =Qu«/P (4—1>
x
18 -} T pEE S -STOMA N B E St
® 10 ~
b
= b
g °f- e——
g 0 ks _._..,.n—cr/
i ol hl i
¥
g N
@ 10 . AR R,
= S5RAHRKRET S
~19 - a
-30 ¥ T ¥ ¥ T Y .
b Zz % 5 . L[]
BEERK I (ms)
- o iR A e
78 ~
26
24 LER (max} - Pt e s ]
2 WFR (max)
i
8 LFR (max}
2 18 LER =~ {:::a
ITHRLE /
B 12 NER (max)
L R U (min)
84
L
o ¥FR (min)
2 /—J - LFR (ein)
1] T T X ¥ T ¥ ¥ 3 T
-] z * [ -1 a W
o MAMTHES THEE 09 wnans

B 4—1 RBEEETE
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(6) AWARBITHEMAE (Qu) —RIFIH (£YH) WEME (mg/pulse), 7E
S RIBEH K TE T, WEh A% AT B 3 M T B R (LA B

Qu=m(PW)— Y=m(PW—X) (4—2>
(7) BEEM (PWXX) WA CRAL ms), FEEBHRART, A
B Ve 1L 5 TR R il SR A I R R AT T W2 . BEWE T B MBHE Qs
MBS EE LU RBEARE. EER T LA ERRE Qq HEM T, HEX
e Ak S R AEE MR AR R R L B R .
(8) BNA&E MMHE (Qsp) —MUMAEE ST S BET, BHimas ATk
MR ER (mg/pulse). XN EFMENE TR T MEEE S .
(9) &ttmE (LD) —Hig b, EBHHSHSRAETRHA, BhEREN
LR, ESWmkERIEL. (& LA, BAEREME (8
4-1) WERMREETEREHERE. ATHEEMRE, ELEES, 4, 5, 6,
Tms/pulse (EIRAN 10ms) XH A BEIFE SUBT R EHS . BERKhuihE
Qa Ak 55 PW SHRMNETZERMITE. HHER ML LRE
Bhek. AALEtEmEmE CHTES EmmikE THERES L FRE (Q
HHRE GHFERERUBHMREE) 225 HERENE 2.

LD:Q—d‘-Qic-xloo% (4—3)

(10) BHhARE M) —REFELERRARERLE (mg/ms), EXHHBA
S B B Dt 1A
m=—AQ"” (4—4)
APW
(11) ERUFE A (M) —— X0 B 3 5B Ak AR e, AR Rmhag
ﬁ%lﬁﬁiﬁ%m BEEALE, 470 me/pulse (HLE 4-1),

m(,:(% (4—35)

He: Q= (mg/pulse), P=PW (ms)
(12) WEW#E (X)) ——itEe W EIR IR thek 5w nh bk 54 7 1 L3 5 i
g (E4-1).
(13) B ERE (V) —&MERTERE & Qi m LB E s
BE (H4-1).
(14) JETEE (LFR A WFR) —Bili#s i — M LB EE M ER B R AN
BAMRMARE, HORBHEXEGE, REEEZ BRI EHEDEHNE
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BB LTRFHA SR

phEmmEZ . HHREMERFENTE: SUREEE (LFR) MTENE
Y68 (WFR).

(15) eMkif BV (LFR) —— X — 38 RARYE oMot 2R L M I & 22780,
Rk AR R s ANE KA 2 R R R BT . X E .
SMME L, ERARETREAREEANTE MRE AN ENFE L. 8 A1
BHHBE T, MERESEEREMES £ 5.0%MR2E (F4—1),

LFR(max)
" LFR(min)
(16) THERETEE (WFR) — X — SR ET AR (2024 30 1,
ERM T XA MBETMPESSH. TR X —ERBRE, ANTE
BT AFIBEhAS 2 B Z FROAMNEE, B X—AmmSrREtBET—8
FIRZETCEZA. EEXH: BEATARE AHNARESENTE SN
MERILLE, A RShsn R T80 B e X M A2 6], s +£5.0%
PLey, miE 4—1 FiR.

LFR (4—6)

_ WER(max)

WFR = =
WFR(min)

4-1

4.12 EESEIRA R 2R

4.1.2.1 BBEEMSE (Q)

TERR A TR R mhas, ZEAniENRA T, iEHmEST 20 8, BEIR
EREN 37.74g B EHFHEMSTE N 1.887g/s. B 4—2 SN THNS R k.
4122 HHEMHE (Q) _

ERAF TR MR, MBEREEBEAZEHBERT, SeBmsAl 1=
10ms, WEMBKFEM 1.2ms BFEHFHMF] 10ms. Hrp, PMABKFEER (1.2-2.0ms)
KA 0.lms, SMERBHKEEE (2.0-9.0ms) HKH 0.5ms, KHBEKEER

(9.0ms-9.5ms) 44 0.1ms, 9.5-10ms KK 0.5ms, F£ 29 MR E, &
AR R _EHEAT 1000 $KWEST, BURISRHBAIBKE T 1000 WRIBIS &, AN
i ml/1000 3K, @i & E R E RISk AR BRI E A, /EH Q-t B (B 5).
IR DT 1.2ms FEKTEAR R UFFEMHEE, 9.5— 10ms LREABHERES
7, HRBWREAZ, HEL, Sl SREtREERNAEX L
AR, BASRERRAS gs.
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14} HERE e i
o LA dh 2k
£} -‘

>
,"

S
:Lmﬁ;{;;m 153 4 if [B]t/ms
Bl 4—2 mihaEiE fhek

Hip b, ERMSBHNLEBRBEER, WHBKNHENZELAHN, BS
WK R IE L, (HSERR EAFIE IR, (FBh AT h 2K 1 i i B ek 28 0T f B
B, HTREXDMZIFRER, RERRIFE (REREHESTAE) &
RIS, WA Ad R LIEESIEAREES, BEANREE TInE
BEEMSREEENS, FETE k3 75 6 i 2 b bk 58 ¥ b i ks v 1
K; EFERBEHENRE, ATAARE, SmSEkEFmEkhEeE,
BF A RN THE, SENNITERA (REESRBEWS) Sk
BHEEES, FHEREERRE, FUEXKEY R EREm, #
BEAEREMAEHAT VR, HBEMEKENNRECTER L, RITHMHH
AYETENE.
4.1.23 BHEFIE m

BB Rkt B NEISMB NS (FATETRNE 25—
8.5ms, [A]f% 0.5ms) MEhARE SEHTRBEATBHMAERNSHLE, ATRH m
(AIZEZHHE), m ZCHARMEKE FHBHENEL, BIAR 4—4 i
HEHTERA MR m=1.879mg/ms, SATENANBRASRSEEREE
P JLTAEE.
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4.1.24 I EBME Qq

AR B L R T DA 5 S i B AR — R OE R SR Qg EIY
AR A2 HH AR P E RS E X=0.369ms, KR HBR Y=—0.696mg.
4125 ZHRE (LD

B 6 R R IR AR RS EMA S AN S HBMRET A
o 7R

-
h

-
=
T

&
T

in
T

-
(=]

R MR L4 IR F 4 HLD%
\
1
}

-
o

? : ¢ "ﬁ%ﬂﬁl‘ﬂstlms !
Bl 43 FERBHESHE ML mE

4.1.2.6 MERETEE (LFR)

R 42, B4-3 AR EMMSNEERERR, ERASERERE
B 5% A I SERRR R BB K Qmax SB/ME Quin LSRR A 3R, B
AR 4—6 WHHHBEL

APRA, BB R 1.8ms B RN E Qun=2.96g, 9.2ms B X$ R A7
& Qun=17.71g, #fG LFR=5.98, @il ¥ 6T DL EER RN 382 (A fhEh A
HEEE.
4.12.7 REMIR

BS R R 2 B R TR R . AR SIHUHERS S A kit
BRI EERE. BRGE—RBH P RR R B ERMEEM LS E,
REGZARE. FEik, ARRUFREREE:

W50 A% Y 7E I B R o B B A TR RS IR

(1) BAMME Q,
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ROUETRFREMIR

(2) 2.5 ZF K BHHE Qq H..
TEHNE G2 D EHAT 30 RIE. BALI T2 EBERGHNEENE L
.

o AEEp=2020-0,@min) o0 (4—8)
O,(avg)

s E g =200 —0,(min) o0 (4—9)
O, (avg)

4.2 IBEFHES
4.2.1 RS IESH

(1) RHFEEL

REBBENFMBEHE, CEERRTEMES . XA DR RS
FEFRMAAERREN, FA—EBNET, XEREESHEOHE SR
RETGREAMT. WRARER MR FEELARSTR S HIRE R
RERN L, BREMESSARH. RZMERFERD /N, WE s mgEd,
BESSIMAHE, EERAETR.

(2) BMEHAo

MRS SWMMBNEMERARR. ERBTHRNEREE, BEHE
AR, BEAMMERIAR, —REARRERER A BIEME A D, B
%, R — s,

(3) FiLAE

(a) MHIHRSEHER

RO SRR ZARENERRFERN, RRHEHEEEER

KB RERIE IR, REWEEKXK. P — MR REEHNER,
BRI ERFIA RA TS 4 R,

(b WK R T MBS
B, FARRSTEERS . SR ERIETRE R BN FER 2 5
ERMRE, ZHRE THERTMEETESARE). R R A% T
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R TREMEE

HEAFE, DEANESHRESAZ BPYEENREEARYTHE T 265,
422 BREMREHRAEREIE

(1) F5 W IAR RS —E BTSSR TR ET 4.

(2) FEVCVHaY, BN TR R AR AC S AR UE A i 8% i 22 e AL A R) 00 [
R P L2 Z ] BIR ZFEHIE 0.025mm EAK .

(3) WARRT AR AR RS, UBRERERRES. &
AR LA Sms AWIHABK T, 10ms —wil AR, ikmiahi B ket sl 1500
W FLAE SRR — R s A, ASREEER .

4.23 BMERHMKGER

PRI E AR A, MR E A . B R R R A
ISR ST I DA R R A R (SRR R E N —ER), B E T LUE
SR REE BT R L. 3B L AT A A RO B Rt R A
WE o AR N

a_d/2

2 h

o:=2&rctani (4—10)
2h

AP d AFNRCEENER, hRBhaE T e L 2 B B £ B Ay
ZMEHRE. £ 1 2538 TARKRGEESRERAYNNER, URER
AR mERETETEIMALCABERNNAHER. EHXRED,
h=180t1mm ,

B EEHRRK, 2R TENMFROEBREENBHE, it E T
PHES REHBTHENESL, WE 44 R, BT 1-8 HFIXNHENE
S ROEE. HETUEL, AFOBSME, SRR RN SR
L, BHEIRES 4 MROCEE. HnT PR sl R AR oA E
Bz 4, ERKEREY, B 4 MAOABHWERL, =40mm, HARX () W
KHBIE A a =12.731° . IXAMEAB S AL 23 1 ZA0 A B /D B SL R i A
WIe. F4—1 4T WE A NREE.

g
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U TSR AT

R 4—1 BEAMNREIE

HMRENNBHE (g) W i

wE
1 2 3 5 4 6 7 8

1 L 1.01 1.81 3.25 15.69 6.87 4.95 3.62 1.95 39.14

2 0.87 | 1.81 | 347 | 1529 6.87 5.21 325 231 39.08

3 0.94 1.67 | 3.54 15.47 6.36 4,79 340 |2.3859 38.55

4 0.87 1.59 | 3.62 | 15.04 6.51 5.13 3.25 2,53 38.54

EHE | 092 | 172 | 347 | 1538 6.65 4.70 338 | 230 38.83

BHAath | 2.37% | 4.42% | 8.94% | 39.59% | 17.13% | 12.10% | 8.71% | 5.91%

1 2 3 4 5 6 T 8
EEWGEEZY:

B 4—4 & RO B REX R 8 E 4L

424 HEHSEMRER
RRARG &N FE LN R R R B B T S i BT

HP B, WE 45 iR, 5 16 43118 K 6 MY HRTEX.
B RREIETUEH, 6 MESRBESNNOBEmET Sk HE
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16.52% %) 16.83% 23, HEARAHEHEROBMEEAME, KRRREH
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43.1 FRIBETH Q—t &

AERITH, ERMEEFRIEMREDImS. FEMNEERTEIN,
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s 96 R 46 FERE (ng) W5 B FERE (ng)

(ms) (ms)

14V 12V | 10V | 8V 14V 12v | 10v | 8V
0.80 0.28 | 0.00 | 0.00 | 0.00 4,50 9.71 801 | 612 | 340
0.90 050 | 0.00 | 0.00 | 0.00 5.00 1062 | 899 | 7.05 | 427
1.02 130 | 0.00 | 0.00 | 0.00 5.50 11.56 | 9.89 | 7.96 | 5.20
130 170 | 0.28 | 0.00 | 0.00 6.00 1250 | 10.87 | 890 | 6.11
1.40 2.05 1.05 | 0.00 | 0.00 6.50 1340 | 11.81 | 9.87 | 7.05
1.50 2.35 1.72 | 0.00 | 0.00 7.00 1434 | 12.71 | 10.81 | 8.02
1.60 266 | 2.18 | 0.00 | 0.00 7.50 1532 | 13.65{ 11.79 | 8.96
1.70 290 | 240 | 0.00 | 0.00 8.00 1647 | 14.63 | 12.69 | 9.94
1.80 317 | 275|028 | 0.00 8.50 1698 | 15.61 | 13.67 | 10.84
1.90 400 | 3.04 | 1.00 | 0.00 9.00 1741 | 16.47 | 14.61 | 13.20
2.00 494 | 350 1,74 | 0.00 9.10 17.99 | 16.98 | 1548 | 14.84
2.50 592 433|250 0.00 9.20 1832 | 16.98 | 15.89 | 15.48
3.00 6.86 | 5.16 | 3.40 | 0.00 9.30 18.57 | 18.57 | 16.45 | 16.21
3.50 783 | 6101 431 1.55 9.40 18.57 | 18.57 | 17.00 | 17.00
4.00 874 | 7.07 | 525 | 2.46 9.50 1857 | 18.57 | 17.43 | 17.10
4.50 9.71 8.01 | 6.12 | 3.40 10.00 1857 | 18.57 | 18.57 | 18.57
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