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PHATTHARA CHAITHAWEEP : MONITORING AND EVALUATION
FOR CITY BUS TRANSMISSION BASED ON LABVIEW PROGRAM.
THESIS ADVISOR : ASSOC. PROF. JIRAPHON SRISERTPOL, Ph.D., 86

PP.

AUTOMATIC TRANSMISSION SYSTEM/HYDRAULIC OIL PRESSURE

LABVIEW PROGRAM

Many intercity buses are manufactured by Cherdchai Corporation Co.,Ltd.
Almost all types of vehicles rely on an automatic transmission to control the speed and
torque of the vehicle in motion. The automatic transmission used for the production of
intercity buses requires a transmission system that has been used for at least 200000
kilometers. This thesis presents the design and the implementation of the inspection
(testing) system for evaluating the automatic transmission system of intercity buses by
using Labview program. By measuring the pressure and temperature of the hydraulic
fluid from the automatic transmission in each gear, this data is collected by the Labview
program compared to the standard assessment criteria from the manufacturer. The test
results from the pressure measurement of all 2 models from 4 units of automatic
transmission found that the hydrlaulic oil pressure of the new automatic transmission
set and a well-maintained automatic transmission set is in the standard. On the other

hand, the hydraulic oil pressure value of the automatic transmission that has not been

serviced or maintained does not meet the manufacturer's standard.
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Pressure Checks

#15197 3.4 Pressure Check Idle 700 RPM 1/5 zmﬁé’mqy (ZF Friedrichshafen AG, 2458)

N input Pb (bar) Pb tc (bar) | P lube (bar) | Temp
Gear RPM 8.0-15.0 3.0-4.0 0.2-0.7 °C)
80-90
80-150 | 3.0-40 0.2-0.7 80
N 80-150 | 3.0-40 0.2-0.7 80
1 80-150 | 3.0-40 0.2-0.7 80
2 Vi 80-150 | 3.0-40 0.2-0.7 80
3 80-150 | 3.0-40 0.2-0.7 80
4 80-150 | ~3.0-40 0.2-0.7 80
5 80-150 | 3.0-40 0.2-0.7 80
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@135199 3.5 Pressure Check Full Load 2000 RPM U352 1N#AD4N f)¥ (ZF Friedrichshafen AG,

2458)

N input Pb (bar) Pb tc (bar) | P lube (bar) | Temp

Gear RPM 16.0-20.0 5.8-7.0 1.5-3.5 (°O)

80-90
16.0 -20.0 5.8-17.0 1.5-3.5 80
16.0-20.0 58-7.0 1.5-3.5 80
1 16.0-20.0 58-17.0 1.5-35 80
2 2000 16.0 -20.0 5.8-7.0 1.5-3.5 80
3 16.0 -20.0 5.8-7.0 1.5-3.5 80
4 16.0 -20.0 5.8-7.0 1.5-3.5 80
5 16.0 -20.0 5.8-7.0 1.5-3.5 80

@157199 3.6 Pressure Check Idle 700 RPM 1szimaaan iy (ZF Friedrichshafen AG, 2458)

N input Pb (bar) Pb tc (bar) P lube Temp

Gear RPM 7.0-15.0 4.0-5.5 (bar) (°O)
0.8-1.8 20-40
7.0-15.0 4.0-55 0.8-1.8 20 - 40
N 7.0-15.0 4.0-5.5 0.8-1.8 20 - 40
1 7.0-15.0 4.0-5.5 0.8-1.8 20-40
2 700 7.0-15.0 4.0-55 0.8-1.8 20 - 40
3 7.0-15.0 4.0-55 0.8-1.8 20 - 40
4 7.0-15.0 4.0-55 0.8-1.8 20 - 40
5 7.0-15.0 4.0-55 0.8-1.8 20 - 40
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#1519 3.7 Pressure Check Full Load 2000 RPM /581 d Q?ﬂﬂ% (ZF Friedrichshafen AG,

2458)
N input Pb (bar) Pb tc (bar) P lube Temp
Gear RPM 18.0-21.0 6.0-8.5 (bar) 0

1.8-2.5 20-40

R 18.0-21.0 6.0-8.5 1.8-2.5 20-40
N 18.0-21.0 6.0-8.5 1.8-2.5 20-40

1 18.0-21.0 6.0-8.5 1.8-2.5 20-40

2 2000 18.0 -21.0 6.0-8.5 1.8-2.5 20 - 40

3 18.0-21.0 6.0-8.5 1.8-2.5 20-40

4 18.0-21.0 6.0-8.5 1.8-2.5 20-40

5 18.0-21.0 6.0-8.5 1.8-2.5 20-40
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N input Pb main Pb tc Pb lube Temp
Gear RPM (bar) (bar) (bar) (°cO)
8.0-15.0 3.0-4.0 0.2-0.7 80-90
9.26 0.10 -0.26 80

N 9.40 0.17 -0.26 80

1 700 9.32 0.14 -0.26 80

2 8.91 0.15 -0.26 80

3 8.61 0.15 -0.26 80

4 700 8.19 0.18 -0.26 80

5 8.46 0.15 -0.26 80
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d'dlal 1

o J 14 o v w Y a 1 '
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N input Pb (bar) Pb tc P lube Temp

Gear RPM 16.0-20.0 (bar) (bar) (cO)

5.8-7.0 1.5-3.5 80-90
16.97 2.46 -0.20 80
N 16.88 5.03 -0.18 80
1 17.27 4.20 -0.19 80
2 2000 17.12 3.13 -0.21 80
3 16.65 423 -0.21 80
4 16.85 4.18 -0.19 80
5 17.34 4.61 -0.20 80
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ﬂ']'ﬁN“ﬁ 43 uﬁqﬂu"lamaaﬂmmﬁz‘uummmﬁmmmﬁau 700 rpm

N input Pb (bar) Pb tc P lube Temp
Gear RPM 8.0-15.0 (bar) (bar) (°O)
3.0-4.0 0.2-0.7 80-90
8.15 7.81 -0.18 80
N 9.29 7.81 -0.25 80
1 8.63 7.56 -0.04 80
2 700 8.69 7.65 -0.08 80
3 8.36 7.47 -0.22 30
4 7.79 7.45 -0.17 30
5 7.82 7.60 -0.13 80

52



53

Pb Main

Pressure (bar)

3 Pb Toug

Pb Lube
-1 R 2
M 1 3 4 5

Gear

Pb main —a— Pb touq converter Pb lubication

{ @ goJ Y a A o g1 [ o
qﬁjﬂﬁ 4.3 LLET@\‘IWﬁﬂlﬂﬁl!iiﬂuqul”L!]lé’l@]i@ﬁﬂ‘]/lﬂ15‘1/ﬂ\‘l'lﬂﬂl’f]\‘ll?‘lﬁli§l'l\1 9 Lﬁﬂﬂﬂﬂlﬂmcﬂﬂ'ﬁ

] 4 A <
iuideu lunauE50U 700 rpm

9
[ o w

A 1 o o a o v w @ . X g [ o A
1ngU 4.3 wunmasauiniuleaseanmasnunan (Pb Main) Failunssgunani

v
0o v A 1 A

9 1 % 4 = o 1 1 1Y 1 J
1%1uﬁ’3ummmm@mm%%m‘imﬁaumivmmmmizuummmmmagcluis@mmmmcn

o v w ? o a A 1 o J J
HIAT31U ﬂ'lﬁ\‘]ﬂ‘Ll‘Ll'liJull?I@i’f]aﬂ‘ﬂ516191}11!?(’]1!61]6\1ﬂ'liW1Q1umﬂﬁﬂ@iﬂﬂflumﬂmﬂi Torque

v o

A o ? o a ' 1 A 1 a J J
converter (Pb Tc) ¥N1ay uumu"lamaaﬂagslumwummﬂmwﬂﬂmmmmmmmmgm

Fao1ana lda1ne1aszuuaemasninunaadaud lumeriunis lsanuuineurii ldideau
g ) a A [ 4 o J o = 9 v o o 1
iiuleasedniimgannatnasinasgu suilunusinesgiuildasiaiadmivszunda
o d’ 1 9 9 1 0o o w Sol Y a d' 9 1
MaanF1un1s 19U NdIn 31 200000 km tazmasauiiniu laaseannldludaiuveans
o d' Y 1 1 d' 1 1 = d' Y 1 [
Mauvedszuunlgludaiuvesnisnasau (Pb Lube) luaiuaid q wuninainiseninm

X 1 o 90’ L 1 y
s gIuagIevszna lannszuuds luldiniailuawii 1l 1$au



54

{ @ a 1o o A ]
ﬂ']'ﬁN“ﬁ 4.4 Llﬁﬁﬂullﬁlﬂiﬂaﬂ‘ll’t’Nig‘U‘U?Nﬂ']ﬁ\?ﬁﬂ'ﬂﬂli')i@‘ﬂ 2000 rpm

N input Pb (bar) Pb tc P lube Temp
Gear RPM 16.0-20.0 (bar) (bar) (°cO)
5.8-7.0 1.5-3.5 80-90
17.34 11.91 2.20 80
N 17.16 11.91 2.27 80
1 17.36 13.19 2.18 80
2 2000 16.72 14.11 2.38 80
3 17.20 11.73 2.11 80
4 17.32 13.14 2.11 80
5 17.17 13.56 2.13 80
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N input Pb (bar) Pb tc P lube Temp
Gear RPM 8.0-15.0 (bar) (bar) (°C)
3.0-4.0 0.2-0.7 25-40
11.11 5.34 0.42 30
11.76 5.54 0.44 30
1 11.47 5.33 0.40 30
2 700 11.08 5.25 0.39 30
3 10.90 5.36 0.39 30
4 10.84 5.30 0.45 30
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N input Pb (bar) Pb tc P lube Temp
Gear RPM 16.0-20.0 (bar) (bar) (°O)
5.8-7.0 1.5-3.5 25-40
16.44 7.41 2.19 30
N 15.90 7.42 2.32 30
1 16.66 8.23 2.30 30
2 2000 16.83 7.60 2.30 30
3 16.53 7.66 2.25 30
4 16.34 8.49 2.25 30
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45  WAMINATOUITUUAINAINAIUMIFONIIZI 314 4 Hp 500 gnii 2

1. hmsnAnesfinauEasen 700 ag 2000 rpm
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N input Pb (bar) Pb tc P lube Temp
Gear RPM 8.0-15.0 (bar) (bar) (°C)
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14.77 5.03 0.36 30
1 14.10 4.79 0.32 30
2 700 14.12 4.80 0.31 30
3 13.87 4.78 0.28 30
4 13.49 4.83 0.27 30
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Abstract. The transmis=ion system iz an essential component of the engine to ransfars
the speed and torgue to drive the vehicle. The transmiszion system of the city bus iz
necasssry to test operstions snd maintenance every 200,000 kn. Meverthelass, the
testing aquipment is mainky imported fom abroad and costly. Therefore, this research
aims to desizn and construct the city bus's sutomatic ranamizzion system test kit based
on the EZF-ECOMAT STAGE II requirements to redoce the relismce on abroad
technology. This testing standard measares the transmission systam's hydraulic oil
ternperatare and pressare at an engine spaed of 700 — 2,300 mpm. The transmizsion
testing unit iz a4 ZF sutomnatic fransmizsion neing s 3 HE 300 Valve D7C diesel az 3
power engine. The test kit programn develaps using the LabVIEW program to display
hydraulic oil'z termnperamre snd pressure, engine speed, and data record. Mareovar, the
program can effectively compare the fransmission systermn's te;i raguls before and after
tha mainfenance.

Keywords: Automsatic Transmizzion Svstem, Temparature, Hydraulic oil pressure,
and LebVIEW prosram

1. Introduction

Almast all types of vehicles use a transmission systam to control the speed and torgue of the
vehicla. Tha driver controls the changing ratio of the manual transzmission wiz a synchromesh
mechanizm. Two gears rotate at different speeds, rotating in svochronization with fiction during the
ratia change [1]. For 2 city car, the synchromezsh mechanizm is controlled directly by tha driver.
However, for trucks or buses, the synchromesh mechanism iz controlled semi-antomaticslly via a
poeamatic unit. Because the mummber of gear ratios and the raguired pawer ta aperate the synchromesh
mechanism are higher than a cify car [2]. Automatic transmizsion, changing gear rztie relies on the
hydraulic oil pressure caused by & hizh-pressure pump to send hydraulic oil to the control valves of the
chitch snd zear to select the appropriate ratio with Ensgine load [3]. Due to the taffic condition,
Autcenatic infonmation is mare conveanient then MMamal tramsmizsion. Thos it is wideky used for private
cars end pablic cars, especially with public cars or intercity cars. Beczuse the sutormatic transmizsion
changes the gear ratio, it causes hydraulic oil to heve 2 higher ternoperatore, which will damaga the
hydraulic pressute control valve. Tharefore it neads to be inzpected and maintzinad at every 200,000
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km, refer fom the standard Testing To prevent severs damaze to the ransmission system during
working, which may cause hanm to the driver or pessengers. The Tansmizsion systems' Testing and
maintenance to be shippad overseas are axpansive and take 2 lang time to ship. This research prasents
the desizn and constroction of the performance test kit of the antomsatic transmission system, which
consists of 2 eszantial parts: Part 1, Test set stmcture with engine control system end transmission must
e dasizned bzzad on the conditions and requiremants of rotating machinery according to ISC 10814
that uzed to diagnose machine malfunctions for preventing vibration that may be caused by uphalancing
[4] Biizalignment [5] and Loozeness.

bloreover, to reduce wrial and arror in this part, it is desizned and analyzed with a computar program
[6, 7] The study of the stracture's nataral frequancy is designed not to match the fraquancy of the engine
uzad in the test. Bacause it will afect the long-tarm transmission testing machine to adjust the engine
spaed, 2 closed-loop confrol system with a PI coatroller is used to reduoce steady-state ermors not affect
tha hydraulic oil pressure measurarment [8]. Part 2, displayving and saving data with LabVIEW, will uze
Wicroconroller LabJack hodel T3 LYV [9] to connact the tachometer sensar, temperatore, and byrdranlic
oil pressure for converting elecmical siznals inta digital ziznals [10] obtained from the speed sensor and
anzlog signals obtaimed from tamperatore and hydraulic oil prassure sensors. From testing mesrs at
positions Fo M, 1,2, 3, 4, and 5 to process dzta befors maintenance to idantify problems and cormpare
resnlts after maintenance. For nse in evaluating the efficisncy of transmiszsion to mest manufachirers
standards.

1. Automatic transmission

Tha ZF Transmiszsion parformanca gest kit is desizgned bazed oo the requirements of tha ZF-
ECOMAT STAGE II for the SHP 500 transmissions. 4 Volve DTC diesel engine is nzed as a power
angine instead of an expensive and complicated control systam D elactric motor bacause it is widely
uzad in Thziland hiorecver, its power snd torgue meet the standards of DI 70020, Test bench of
automstic wansmission as shown in ‘Figure 1°.

Figure 1. Tezt bench and automatic ransmission

The Automatic tramsmizzion uses 2 Targue conwvertar, Planetary gear, Chitch, Brake, and
Hydranlic system [11,12] to ransmit engine powear to the car's wheels. The Autornstic Tansmission can
automstically adjust the vehicle's speed, which is controllad by hydraulic oil pressure. Companants of
an antomatic transmiszion for intercity buasas are shown in 'Figure 1.
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Mo, 1, the cover plate receives the power generated from the combustion engine, which Torgue
converter, 2o.2 and 5, oot and connects tha power between tha enzins and the transrizzion. It uses
hydraulic oil to ransmit speed snd torgue that variance to engine speed and lozds. Fetarder, INo.4, slow
down and raduace torque when tha vehicle iz moving down the ramp. Clutches, Ma 3, cuts and connacts
the power engine betwesn the torque converter and the gear ratio set. Brakes, Mo 4, control the motion
of tha gasr sat while the driveshaft, Mo.7, transmits the power to the whesls' axles. The last compaonant,
tha Hydraulic pomp, Mo 8, distribotes hydranlic oil to other devices when speed modifications are
required to lubricate and caol the wansmission. Hence, the contral system of hydranlic oil pressure iz
crucial for the tranzmission system aperation. If this system is damsged, the antomatic transmiszion
zystarn will fail to fanction. The aperating block diazram of Hydrzulic systamn is shown in ‘Figure 2'.
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Figure 1. Hydrzulic systems

From ‘Figure 2°, when the eagine is maning, & bydraulic pomp delivers the hydraulic oil
contzinad i the oil pan to the primary valve, which sarves to adjust the pressure of tha hydranlic ail to
cragte engueh pressure in the conveving system. Before adjusting the zear ratio, a gear selecton vakve
canirol the hydranlic pressure natl it receives a cornmand from the electronic control system to open
tha valve that the gear position is required (M, B, 1, 2, 5, 4, and 5} In addition, the secaondary valve will
art to adjust the pressure of the hydranlic oil to the torgue converter that serves to oot - coanact the
power hetwaen the engine and the transmizsion bafore flowing back ta the oil pan. When the car iz
maoving, the govemar valve will adjust the bydranlic oil pressure to change the autcmnatically gear 1atio
according to the engine speed and engine load. The hydraulic system of tha transmission aparates in this
manner until the engine is switched off or stopped.
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Tha Test bench above uwsed the microcontroller LabJack Bdaodel U3 LY, and the control
program was developed by using LabVIEW 2020 program. The transmizsion test kit nms semi-
automstically, including controlling the speed of diezal engines by controlling tha position of the alectric
throttle and the gesr shift position by ozing the solenoid walve. Moreover, the tast conditions were
developed to meet the ZF-ECOMAT 3T AGE II requiramentz, as shown in 'Figuara 3°.

T s = 200, 2000

Trugersvars 0 -

L]

|l\.'-\u|:ll'\k'
| B Cheet |
| — - —_—
-
Cad \:l

Figure 3. Waorkflow of LabVIEW program

From 'Figure 3°, the procedure of the LabVIEW prozram will start from starting the engine st
tha idle speed that keeps the temperature of hydranlic oil in the 1ange of 80-20 degrees Celzinz. When
tha temparature iz in condition, the system adjusts the throttla position to ihcrease the engine speed to
TOO rprm. When the control wariable is in the specified condition, it eaters the hydranlic oil pressure
magsuremant process at the gear position B, M, 1, 2, 3, 4, end 5, 1espectively. Than, inease the engine
zpaed to 2,000 rem_, measare the hydraulic oil pressure at gear position B 1, 1,2, 3, 4, and 3 raspectively
agzin, and the last step saves and displays the data, the end of the work process.

3. Experimental zetup

Tha antomatic tranzmission test bench (Figura 4) consists of 2 parts. Part 1, Diesel engine
madel is Engine TD7C EF: 7,150 cc, six pistons, 250 HP and targue 200 X-m connect to 2 SHP 300
automstic ransmission system with fluid coupling. The gear ratio is showm n 'Table 1

Table 1. Gear ratio of 2 SHP 300 automatic transmiszsion system

Gears Gear Ratio

1:3.43
1:2.01
1-1.42
1:1
1: 0.83
Eeversze 1-4.84

ey | | it [ bt | 1t
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In 'Figurel’ shows the sensor used in the test bench: No. 1, the temperzsture sensor is a
thermaecouple Type K, No.2 - 5 is the hydraulic oil pressure sensor which is the Pressure transmitter
type, and No. §, tachometer sznsor used Hall effect typa.

Figure 4. Tran:mizcion test bench

Part 2, the LebVIEW program connects to the sensors using the Microcontroller LabJack
Model U3 LV link to 2 computer with USB typa B to dizplay and record data as shown in ‘Figure 5'.

Figure 5. Interface sattings for monitoring

4. Results and discussion

Operation test of the sutomatic transmizzion system at engine spead 700 and 2300 mpm, the
hydraulic oil pressure was measared at the Pb, Pb-tc, and P-lube positions. The results were compared
0 & new transmission and a transrmission that has been used more than 200,000 kon at gear positions 1,
2,3,4,35N, and Reverse as shown in 'Table 2' and 3 respactively.
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Table 2. Tha result of bydranlic oil pressure st 700 rpm engine spead.

N 0il Capacity Phibar) FPb tc (bar) F lube (bar) Temp
Crear input  (Itrs/min}=3 ("C)
EPM new old nEW ald naw ald  80-90
R =3 L Q.28 781 010 -0.18 -0.24 ED
N =3 0.29 040 781 017 -0.25 -0.24 1]
1 - =8 E.43 032 .56 014 -0.04 ] 1]
1 o0 v 20 801 765 015 008 026 &0
3 =8 B3 8.41 747 0l -0.22 -0.24 1]
4 =3 7.78 819 145 01 -0.17 -0.24 1]
H =3 7.82 8.44 7.60 0l1s -0.13 -0.24 1]

Table? shows hydraulic oil pressure at 700 rpm speed engine =snd the hydraulic oil's
ternperatare 30°C. The hydraulic oil pressare at the vake Ph (Valve No.4) of the old transmizzion waz
higher than the new transmission, sbout 5.82 percent, and at the valve Ph-TC {WValve Mo3), the old
transmission was lower than the new ransmission, ghout 98.05 percent. For the P-Labe {Valve Mo 2} in
all gear positions, the hydranlic vaonwen value of the old tanzmission was lower than the new
transmission, approximately 70_09 percent.

Table5 shows hydraulic ail pressore at 2300 rpm speed engine and the hydranlic oil's
ternperatare 30°C. The hydraulic oil pressare st the vake Ph (Vake No4) of the old transmizzion was
lower than the new transmizsion, sbout 0.98 percent, and &t the valve Ph-TC {WVake Mo3), the old
transmission was lower than the new transmissign, showut §8.91 percent. For the P-Lube (Valva MNa 2}
in all gesr pasitions, the hydranlic vaooum vahie of the old trensmizsion was lower than the new
transmission, approximately about 10897 percant.

Table 3. The result of hydranlic il pressure at 2,300 qym engine spead.

N 0il Capacity Fhibar) Fhb tc (bar) F luke (bar) Temp
Crear input (Iir='min)y=d0 ]
RPM naw ald new ald new ald 80 -90
R =40 17.54 14.07 11.21 246 2.20 -0.20 20
N =40 17.16 1688 11.91 5.03 27 -0.18 0]
1 - =40 1738 1727 1519 4.20 2.18 -0.19 1]
2 2508 =40 1672 1712 1411 313 238 021 80
3 =40 1720 18465 1173 4123 2.11 -0.21 20
d =40 17532 1885 1514 418 2.11 -0.19 1]
5 =40 17.17 17.34 1354 461 2.15 -0.20 20

Az shown in Table 2 end 3, the hydraalic oil pressure &t the P valve of both the new and old
transmission systams weara vary 8 few different values. The hydraulic pressure at the Ph-TC walve afthe
old ransmiszion systern was prety mach lower than the new ransmission due to & hydranlic oil leak
has poourred 2t the control valve. The pressure at the P-Luks valve of the old ransmission systam was
vary little change beczuse the P-Lube valve was stuck or darnazed, causing the pressura nnahle to be
conirolled.
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& Conclusion

The transmission perfonmance test kit can control engine spaed and adjust the ratio of the
tramsmission systern accurataly and precizaly. The hydraulic oil preszure tasting criteria wars refarred
to the ZF-ECOMAT STAGE I requirements for claszifying transmizsion problems. LabVIEW program
and hicracontroller LabJfack Model TI3 LV can effectively display end record temperatare, hydranlic
prezzute, and speed.
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UYoyaManAiAUeY LABJACK U3 LV Board
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The FIO and EIO ports on the LabJack U3 can be individually configured as digital input, digital output, or analag input. This is FIOQ-EIO7 on the
U3-LY (16 lines), or FIO4-EIOT on the U3-HV (12 lines). In addition, up to 2 of these lines can be configured as timers, and up to 2 of these lines
can be configured as counters. If a line is configured as analeg, itis called AINx according to the following table:

Table 2.5-1. Analog Input Pin Locations

AIND[FIOD| |AINE |EICD
ATNT|FIOT] [AINS [EICT
AINZ|FIO2] |AINT0|EID2
AIN3[FIO3| |AINTT|EIO3
AING|[FIO4] |AIN12|EIO4
ATNG[FIOST JTAINTI[EIDS
AINB|FIOB| |AINT4|EIDB
AINT [FIO7| |AINT5|EIOY

On the U3-HV, compared to the -LV, the first four flexible 'O are fixed as analog inputs (AINO-AIM3) with a nominal +10 volt input ranga. All digital
aperations, including analogdigital configuration, are ignored an these 4 fixed analog inputs.

Timers and counters can appear on various pins, but other 1/0 lines never move. For example, Timer! can appear anywhere from FIO4 to EIO1,

depending on TimerCounterPinOffset and whether Timer0 is enabled. On the other hand, FIOS (for example), is always on the screw teminal
labeled FIOS, and AIMS (if enabled) is always on that same screw terminal.

The first 8 flexible 110 lines (FICO-FIOT) appear on built-in screw terminals. The other 8 flexible IO lines (EIO0-EIOQT) are available on the DB15
connactor.

Many software applications will need to initialize the flexible 'O to a known pin configuration. That requires calls to the low-level functions ConfiglO
and ConfigTimerClock. Following are the values 1o set the pin configuration to the factory default state:

Table 2.5-2. ConfiglQ Factory Default Values

Byta

#

[ Writefdask 15| Write all parameters

8 TimerCounterConfig|0 ?o Timars/Counters. Cffset =
DACT Disabled. (Ignored on

9 DAC1 Enable 0 HW 1.3)

10 FIOAnalog 0 [FIO all digital.

11 ElOAnalog 0 [EIC all digital.




Parameter Conditions Min Typical Max Units

General

UUSE Cable Length 5 meters

Supply Woltage B 5 5.25 volts

Supply Current (1) Hardware ¥1.21+ 50 mA

Operating Temperature -40 85 oC

Clock Error -40 to 85 °C 1.5 %

Typ. Command Execution Time (2] |USB high-high 0.6 ms
USB other B ms

VS Qutputs

Typical Veltage (3) Self-Powered 4.75 5 5.25 volts
Bus-Powered e 5 5.25

Maximum Currrent (3] Self-Powered 450 ma
Bus-Fowered 20 ma

(1) Typical current drawn by the U3 itself, not including any user connections.

{2) Total typical time to execute a single Feedback function with no analog inputs. Measured by timing a
\Windows application that performs 1000 calls to the Feedback function. See Section 3.1 for more timing
information.

{3) These specifications are related to the power providad by the host/hub. Self- and bus-powerad describes
the host/hub, not the U3. Self-powered would apply to USBE hubs with a power supply, all known desktop
computer USB hosts, and some notebook computer USE hosts. An example of bus-powered would be a hub
with no power supply, or many PDA ports. The current rating is the maximum current that should be sources
through the U3 and out of the Vs terminals.
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Parameter Conditions Min Typical Max Units
Analog Inputs
Typical input Range (4) Single-Ended, LV 0 2.44 volts
Differential, LV -2.44 2.44 volts
Special, LV 0 3.6 volts
Single-Ended, HV -10.3 10.3 volts
Special, HV -10.3 20.1 volts
Max AIN Voltage versus GND (5) Valid Readings, LV -0.3 3.6 volts
Valid Readings, HV -12.8 20.1 volis
Max AIN Voltage versus GND (&) Mo Damage, FIO -10 10 volts
Mo Damage, EIO -0 5] volis
Mo Damage, HY -40 40 volis
Input Impedance (7) LV 40 MO
HY 1.2 Mea
Source Impedance (7] Lang Settling Off, LV 10 kG
Long Settling Cn, LY 200 K
Long Settling Off, HV 1 K
Long Settling COn, HV 1 K
Resolution All Ranges 12 bits
j:ile—Ended, LV, 0- 0.6 -
Differential, LV, £2.44 1.2 my
Special, LV, 0-3.6 1.2 my
Single-Ended, HV, £10 5.0 my
Special, HV, -10 to +20 10.0 my
Integral Linearity Error +0.05 % FS
Differential Linearity Error +1 counts
Absolute Accuracy (8) Single-Ended %2 +0.13 % FS
Single-Ended LV volts 3.2 mV
Single-Ended HV volts +26.8 mV
Differential %a +0.25 % FS
Differential LV volts 6.4 my
Differential HVY wvolts MfA
Special 0-3.6 % +0.25 % FS
Special LV volts 6.4 m
Special HV volts +53.6 m
Temperature Drift 15 ppm/=C
Moise (Peak-To-Peak) (9) Quick Sample Off +1 counts
Quick Sample On = counts
Effective Resolution (RMS) (10) Quick Sample Off =12 bits
Moise-Free Resolution (9) Quick Sample Off 11 bits

Command/Response Speed

See Section 3.1

Stream Performance

See Section 3.2
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* LV specs refer to low voltage analog inputs which are available on the U3-LV and U3-HV. HV specs refer
to high voltage analeg inputs which are available on the U3-HVY anly.

{4) Note that these are typical input ranges. The actual minimurm on the low voltage inputs might not go all
the way to 0.0 as discussed in Section 2.6.3.9. These are with DACL disabled on hardware version < 1.30.

(5] This is the maximum veltage on any AIN pin compared to ground for valid measurements. Mote that a
differential channel has a minimum voltage of -2.44 volts, meaning that the positive channel can be 2.44
volts less than the negative channel, but no low-veltage AIM pin can go mare than 0.3 volts below
ground.

(6] Maximum voltage, comparad to ground, to avoid damage to the device. Protection level is the same
whether the device is powerad or not.

(7)) The low-voltage analog inputs essentially connect directly to 2 SAR ADC on the U3, presenting a
capacditive load to the signal source. The high-voltage inputs connect first to a resistive level-shifter/divider.
The key specification in both cases is the maximum source impedance. As long as the source impedance is
not over this value, there will be no substantial errors due to impedance problems.

(8) Absolute error includes INL, DML, and all other sources of internal error at 25 C and V5=5.0V. To eguate
the percentage to voltage, multiply the full voltage span by the percentage. Fer a single-ended low veoltage
input using the normal range the span is about 2.4 volts, so 2.4 = 0.0013 gives £0.003 volts. For a single-
ended high voltage input using the normal range the span is about 20 wvolts, so 20 * 0.0013 gives =0.026
volts. Differential readings are not calibrated on high voltage channels.

(93 Measurements taken with AIN connected to a 2.048 reference (REF191 from Analog Devices) or GND. All
"counts" data are alignad as 12-bit values. Noise-free data is determined by taking 128 readings and
subtracting the minimum value from the maximum value.

(10 Effective (RMS) data is determined from the standard deviation of 128 readings. In other words, this
data represents most readings, whereas noise-free data represants all readings.

Parameter Conditions Min Typical Max Units
Analog Outputs (DAC)
Meminal Output Range (11} No Load 0.04 4.95 volis

@ £2.5 ma 0.225 4.775 volts
Resolution 10 bits
Absolute Accuracy 5% to 95% FS +5 % FS
Integral Linearity Error == counts
Differential Linearity Error 1 counts
Max Output Current (12 @ 2.0 30 ma
Error Due To Loading (12) @ 100 pA 0.1 %

@ 1 ma 1 Yo
Source Impadance {12) 50 o
Short Circuit Current (12,13 5V to GND 50 ma
Cutoff Frequency (14) -3 dB 16 Hz
Time Constant {14) 10 ms
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Digital I/0, Timers, Counters
Low Level Input Voltage -0.3 0.8 volts
Hight Level Input Veoltage 2 5.8 volts
Maximum Input Voltage (15) FIO -10 10 volts
EIO/CIO -6 5] volts
CQutput Low Yoltage (16) Mo Load 0 volts
-— FID Sinking 1 mA 0.55 volts
-— EIQ/CIO Sinking 1 mA 0.18 volts
-— EIQ/CIO Sinking 5 mA 0.9 volis
Qutput High Voltage {16) Mo Load 33 volts
-— FIO Sourcing 1 mA 2.75 volts
-— EIQ/CIO Sourcing 1 mA 3.12 volts
-— EIQ/CIO Sourcing 5 mA 2.4 volts
Short Circuit Current (18) FIO 6 ma
EIO/CIO 18 ma
Input Impedance Pull-up to 3.3V 100 k&
Series Impedance (16) FIO 550 Q
EIQ/CIO 180 Q
Counter Input Frequency (17) Hardware V1.21+ 8 MHz
Input Timer Total Edge Rate (18) Mo Stream, V1.21+ 30000 edges/s
While Streaming 7000 edges/s

(11) Maximum and minimum analog output voltage is limited by the supply voltages (Vs and GND). The
specifications assume Vs is 5.0 volts. Also, the ability of the DAC output buffer to driver voltages close to the
power rails, decreases with increasing output current, but in most applications the outputis not
sinking/sourcing much current as the output voltage approaches GND.

{12) If the output is set to 3.5 volts and sourcing 30 mA, there will be about 2.0 volts at the DAC pin due to
the 50 ohms of series impedance. Each DAC output is driven by a channel on an AD8544 op-amp, powered
by VS & GND, and then goes through protection circuitry that includes 50 ohms of series impedance. The
max output current is determined by 3 main factors: short circuit current, ability of AD8544 to sink/source
near power rails (Figure 22 of AD8544 datasheet), and the 50 ohms of series impedance.

(13} Continuous short circuit will not cause damage.

{14) The DAC outputs are creating by filtering PWM signals, and the 2nd order 16 Hz output filter works
great for the default PWM frequency of 732 Hz, but with lower frequency timer clocks the DAC outputs will
be noisier. See Section 2.7 for more details. Time constant is the time it take for the output to settle 63%
of the way towards a new value.

{15} Maximum voltage to avoid damage-to the device. Protection works whether the device is powered or
not, but continuous voltages over 5.8 volts or less than -0.3 volts are not recommended when the U3 is
unpowered, as the voltage will attempt to supply operating power to the U3 possible causing poor start-up
behavior.

(16) These spedifications provide the answer to the question: "How much current can the digital /O sink or
source?". For instance, if EIO0 is configured as output-high and shorted to ground, the current sourced by
EIO0 into ground will be about 18 mA (3.3/180). If connected to a load that draws 5 mA, EIO0 can provide
that current but the voltage will droop to about 2.4 volts instead of the nominal 3.3 volts. If connected to a
180 ohm load to ground, the resulting voltage and current will be about 1.65 volts @ 9 mA.

(17} Hardware counters. 0 to 3.3 volt square wave. Limit 2 MHz with older hardware versions.

(18) To avoid missing edges, keep the total number of applicable edges on all applicable timers below this
limit. See Section 2.9 for more information. Limit 10000 with older hardware versions.
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